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Abstract 
 The application of MIMO technology increases TD-LTE systems channel capacity remarkably. However, it is 
very difficult to deploy indoor dual-feeder DAS. To solve this problem, this paper inventively proposes a frequency 
conversion technique, MICROLAN, which enables the single-feeder DAS to transmit MIMO signal. In this paper, we 
firstly analyze the theory and working principle of MICROLAN active antenna. Then, the performance of MICROLAN 
is demonstrated by several field testing. At last, the practicality and reliability for MICROLAN are proved from both 
construction and economy aspects. 

1. Introduction 
 With the expanding of the mobile communication market, the mobile data traffic is increasing explosively. In the 
past four years, the mobile data traffic of china mobile communication cooperation (CMCC) has increased 18 times. 
Meantime, most data traffic comes from data cards which have to work with laptops. This characteristic determines that 
most data traffic is produced indoor. Up to now, 70% of the mobile data traffic happens indoor and this proportion is 
increasing steadily. 
 Unfortunately, there are many obstacles in indoor data traffic services. Firstly, the wireless propagation 
environment in modern city becomes more complicated due to higher building density. This increases the difficulty to 
deploy base stations. Secondly, because of the extremely shortage of frequency resource, especially the low-frequency 
resource, the frequency bands used for TD-LTE outdoor system mainly lay in 2GHz, 2.6GHz, or even higher. Serious 
path loss of high frequency signal weakens the coverage ability of the system. At last, high SINR is necessary for high-
speed data transmission experience. However, simply using macro base stations for indoor coverage cannot guarantee 
enough SINR. 
 Therefore, deploying DAS is important for TD-LTE system. 

2. MICROLAN ACTIVE ANTENNA SYSTEM 
 TD-LTE DAS deployment method is mainly based on the retrofit of existing indoor distribution system. While 
existing 2G and TD indoor antenna and feeder system for CMCC are all based on SISO, we have the following scheme 
solutions for TD-LTE system: 
 Scheme 1 (dual-feeder): To build two new antennas, which means to construct a new dual-feeder system. 
 Scheme 2 (dual-feeder): To build a new antenna and retrofit another.  In this way, one TD-LTE antenna shares 
the original system through a combiner, the other needs to build a new single-feeder DAS. 
 Scheme 3 (single-feeder): To retrofit the original DAS. MICROLAN can share the original system by though a 
combiner. 
 When implement the antenna, we can combine two single-polarized antennas or simply use a double-polarized 
antenna. 

2.1 MICROLAN’s principle and component 
 The key principle is to convert the frequency of one of TD-LTE RRU’s output signals in order to transmit dual 
signals within a single antenna-feeder system in the same time. In this way, TD-LTE dual stream transmitting can be 
achieved. Fig. 1 shows the schematic diagram of the working principle. 
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Fig 2.1 The diagram of MICROLAN active antenna system 

 MICROLAN’s equipments contain two parts: active combiner and active antenna, where active antenna can be 
integrated with a double polarization antenna in indoor distribution system. 

2.2 Key parameters 
A. signal processing delay 



 3GPP standard has definite requirement on the delay deviation among MIMO’s multi-channel signals. 
MICROLAN’s frequency conversion process will inevitably introduce additional delay deviation between the two TD-
LTE RRU’s output signals. When design the system, this frequency conversion delay must be controlled to avoid 
performance degradation. 
 The normal CP length is 4.6875μS, which should be larger than the summation of the distribution system delay, 
the spatial propagation delay and the frequency conversion system device delay. Considering a 100m cable, the 
distribution system delay will be 0.4μS. The spatial propagation delay is 0.51μS, including 0.05μS propagation delay 
(15m propagation distance) and 0.46μS maximum multipath delay spread (IMT-2000 indoor multipath spread model). 
As shown in Figure 2, the system throughput has approximately 15% loss when the dual signal’s delay deviation is 5μS. 
Fortunately, the throughput loss can be ignored when the delay deviation is 1μS. 

 
Fig 2.2 The impact of dual signal’s delay deviation on system performance 

B. dual power balance 
 3GPP standard requires that the power difference between multiple signals should be less than 1dB. However, 
experiment results shows that 3dB power difference is tolerable. 
 As shown in Fig.3, because the downlink SINR of the near point is higher than the MCS highest requirement, 
5dB dual signal power difference’s impact on the near point throughput is negligible. For the middle and far points, the 
capacity loss is less than 5% under 3dB power difference and less than 10% under 5dB. The largest capacity loss due to 
power difference happens at the middle point. As for uplink, SINR at both near point and middle point are higher than 
the MCS highest requirement, power difference has negligible impact on the throughput. At the far point, the capacity 
loss is 25% under 3dB power difference. The loss increases to 43% under 5dB power difference. 
 Overall, the power difference requirement of MICROLAN active antenna system is 2dB. 

 
Fig 2.3 The impact of power difference on system performance 

C. Selection of frequency 
 The selected frequency must meet the following basic requirements: 
 1) It must meet the TDL E-band frequency requirements, which means 20MHz bandwidth in the preliminary 
stage and 50MHz bandwidth for medium-and long-term development. 
 2) The DAS devices should support the working frequency range 800-2500MHz. The distribution system loss 
should be minimized. 
 3) It should avoid spurious, intermodulation and blocking interference with other systems. 
 The intermodulation interference can be avoided through the frequency band selection. The spurious and 
blocking interference is avoided by designing the MICROLAN system. As the existing system has no special 
requirement on spurious and intermodulation performance, MICROLAN active antenna system should have high 
interference suppression ability. 
 At last, MICROLAN active antenna system’s frequency is set at 1035MHz-1155MHz. The spurious interference 
and isolation requirements for different systems are shown in Table. 2.1. 

Tab 2.1 Requirements for suprious interference and isolation (evaluated based on standard) 

System 
Suprious 
interference 

Isolation (dB)

GSM -30 dBm/3MHz 82 
TD-SCDMA/ CDMA2000/ WCDMA/ WLAN/ TD-LTE -30 dBm/1MHz 87 

B3 LOS PDSCH  2×2 SFBC B3 LOS PDSCH  2×2 MCW 

Downlink throughput(Mbps) Uplink throughput(Mbps)

near middle far near middle far



CDMA -47 dBm /100KHz 80 
D. Uplink noise analysis 
 We choose the following parameters to analyze uplink noise: MICROLAN active antenna system power output 
Pout_rep = +15dBm, noise figure NFrep=3dB. The gain allocation: the uplink active combiner = 10dB, the downlink 
active combiner = 10dB, the uplink active antenna = 35dB, the downlink active antenna = 35dB. 
 Using the above-mention parameters, the noise increase can be calculated. Let N denote the number of active 
antennas. If N is 100, the original RRU receiver’s noise floor is -120dBm/100kHz, RRU together with MICROLAN 
active antenna system’s thermal noise floor is NFrru + rep = -119.49dBm / 100kHz.The noise increase is about 0.5dB. 
If N is 200, NFrru + rep = 119.03dBm/100kHz. The noise increase is about 1dB. 
 The number of connected RRU in a typical single-cell is within 8. Generally, one RRU has about 20 antennas. 
Thus, there are no more than 160 antennas connected to MICROLAN active antenna system in a single-cell, which 
means less than 1dB noise increase. This value is acceptable. 

2.3 Performance verification test 
A. testing enviorment 
 We choose two scenarios to test the performance of MICROLAN active antenna system. In scenario 1, 
MICROLAN active antenna system is compared with the normal dual-feeder DAS. In scenario 2, we compare 
MICROLAN active antenna system with the normal single-feeder DAS. 
 For each test scenario, we choose near, middle, far three points to measure the uplink and downlink throughput. 
The near, middle and far points correspond, respectively, to the RSRP values of -80dBm, -95dBm and -105dBm. 
B. Comparison with dual-feeder DAS 
 In the given scenario, we compared the performance of MICROLAN active antenna system and the normal dual-
feeder DAS. The measured throughputs are shown in fig.2.4. 

 

 
Fig 2.4 The throughput comparison of MICROLAN and normal dual-feederDAS 

 From a comprehensive review of the test data, we can find that, under the NLOS and LOS environment, 
MICROLAN system’s downlink throughput deteriorates approximately 10% or smaller while the uplink throughput has 
no significant deterioration compared with the normal dual-feeder DAS. 
C. Comparison with single-feeder DAS 
 In the given scenario, we compared the performance of MICROLAN active antenna system and the normal 
single-feeder DAS. The measured throughputs are shown in fig.2.5. 

 
Fig 2.5 The throughput comparison of MICROLAN and normal signle branch DAS 

 From the test results, we can find that both MICROLAN active antenna system and the single-feeder DAS’s max 
throughput approach the theoretical maximum. The gain of MICROLAN system’s downlink throughput relative to 
single-feeder DAS is about 1.33, 1.47 and 1.47 at the far, middle, near point respectively. The uplink throughput of 
MICROLAN system is also better than single-feeder DAS. 

3. The application strategy of MICROLAN 
3.1 Comparison of the construction schemes 



 Tab 3.1 shows the different construction schemes for traditional system and MICROLAN active antenna system.  
Tab 3.1 Comparison of TD-LTE DAS construction Schemes 

 Signal source Distribution system 

1 BBU/Dual-feederRRU

1. Add two sets of DAS equipments such as antenna, feeder , power divider, 
coupler. 
2. Need engineering work on the ceiling for antenna-feeder, high construction 
difficulty 

2 BBU/Dual-feederRRU

1. Replace the original distribution system’s combiner, add one set of DAS 
equipment which includes antenna, fedder, power divider and coupler. 
2. Need engineering work on the ceiling, but the project quantity is lower than 
scheme 1. 

3 

1.BBU/Single-
feederRRU 
2.BBU/Dual-
feederRRU, but the two 
branches are used to 
cover different area. 

1. Replace the original distribution system’s combiner 
2. Most engineering work happens in the machine room and weak elv well area. 
The construction difficulty is low and the project quantity is small. 

4 BBU/Dual-feederRRU

1. Install an active combiner at the original combiner’s site. 
2. Replace the original antenna to an active antenna which integrates the dual-
polarized antenna or install one new active antenna while keep the original 
antenna. 
3. Install power supply system for active antenna. 
4. Most engineering work happens in the machine room and weak elv well area. 
The construction difficulty is low and the project quantity is small. 

3.2 Comparison of the construction 
 Currently, normal single DAS construction costs approximately 5-10 RMB /square meter.  In our calculation, we 
will use 8 RMB/square meter as an estimation. The prices of MICROLAN active antenna system’s equipment are: (1) 
active combiner: 4000 RMB/set, each RRU has an active combiner. (2) active antenna including the dual-polarized 
antenna: 500 RMB/set. 
 Dual-feeder system’s construction cost is much higher than the cost of retrofitting a single-feeder system. The 
cost of a MICROLAN active antenna system is comparable with the cost of constructing one branch and retrofitting the 
other. The ratio of above 4 schemes’ cost is about 10:6:1:7. 

3.3 The application strategy of MICROLAN 
 To implement the MIMO technology by using the traditional construction scheme 1 and 2, we need to construct 
a new set of antenna-feeder system at least. Even if we apply dual-polarized antenna, a new set of feeder system is still 
needed. Hence, the TD-LTE system construction always involves antenna-feeder engineering work on the ceiling. This 
not only means high construction difficulty, large project quantity and high construction cost but also makes real estate 
coordination very difficult. Because of these difficulties, dual DAS has a very low proportion in TD-LTE construction. 
Generally, it is applied in the new buildings. A large number of old buildings retrofit can only use the single-feeder 
system which is unable to give full play to the performance advantages of the TD-LTE. 
 From the performance point of view, we can find that good MIMO performance can be achieved if the 
MICROLAN active antenna system’s performance degradation with respect to the normal dual-feeder system is 
controlled within 10%. From the construction cost point of view, MICROLAN active antenna system is comparable 
with scheme 2 - retrofit dual branches. From the construction difficulty point of view, MICROLAN active antenna 
system doesn’t need new feeder construction, greatly reducing the difficulty of the real estate coordination and 
increasing the feasibility of TD-LTE MIMO system. 
 As a conclusion, MICROLAN active antenna system is mainly suitable for the scenario where the LTE services 
requirement is high but the real estate coordination difficulty is high and the retrofit work for dual-feeder DAS is hard. 

4. References 
1. Stefania Sesia, Issam Toufik, Matthew Baker. LTE:The UMTS Long Term Evolution From Theory to Practice. 
Wiley, 2009-04-13. 
2. 3GPP TS 36.104 Base Station（BS）radio transmission and reception. 
3. The related test report. China Mobile Group Design Institute Co., Ltd.  


