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1. Introduction
In the downlink MIMO study item [1] , several companies identified geographically separated antenna scenarios as a high priority. One example is the deployment of many antennas at different locations for indoor usage. In [2], a deployment of this kind with interleaved antenna ports was examined, and it was identified that the current MIMO specifications may not work well in such a case.
In this contribution, we consider similar scenarios to verify the observations in [2]. We also show how the geographical distribution of the antennas may affect the performance and conclusions.
2. Analysis
In [3], measurements of distributed antennas arranged in an interleaved fashion are reported. Roughly speaking, every other antenna along an indoor corridor is transmitting antenna port 0 while the other antennas are transmitting antenna port 1, as shown by case1 in Figure 1. A different configuration, where the antennas are deployed in more widely-spaced pairs, is illustrated as case2. In figure 1, “d” is the distance which is described in the Appendix. 
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Figure 1: Geographically separated antennas deployment in a corridor.
In this contribution, we evaluate the throughput and received power as the UE moves along the corridor from one site to another. As in [2], the UE was configured to use 2x2 spatial multiplexing with rank adaptation and the eNodeB was configured to follow the UE’s recommendation on rank.  REF _Ref292055924 \h 
 (a) shows the total received power as UE moves from left to right along the corridor.  REF _Ref292055924 \h 
 \* MERGEFORMAT  (b) shows the reported received power of each antenna port as the UE moves along the corridor. 

From figure2 (a), we can observe that the total received power will indeed show fluctuation when the UE moves between antenna different sites. As expected, when the UE is near an antenna port, the received power is much higher, while it is very low at the mid-point between two ports. Figure 2 (b) tells that the two antenna ports undergo a very large difference in receive power in the corridor. In addition, we see that with the grouped ports deployment (case2), the received power of the different ports is more balanced than in the interleaved deployment (case1). 
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Figure 2: Received signal strength variations in different position.
Figure 3 REF _Ref292055924 \h 
 shows the throughput of the two deployment schemes. The left side of Figure 3 shows that the throughput is maximized when the UE is at the mid-point between two ports (which corresponds to the lowest receive power), and when the UE is near a ports the throughput is close to zero; this is consistent with the observations in [2]. From the right part of Figure 3, we can observe much higher throughput with the grouped antenna deployment than with the interleaved antenna deployment. Roughly 50% throughput gain is achieved when the antennas are grouped. We can also see that the throughput peak in the interleaved case is the low point of the grouped case.
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(a)                                                                                              (b)
Figure 3: Throughput at different positions in the corridor: (a) interleaved antennas; (b) grouped antennas.
We have also observed that although the channel correlation is much higher in the grouped antenna case (as expected), the received power imbalance between the antennas means that while rank 2 is selected most of the time in the grouped antenna case, rank 2 is almost never selected in the interleaved case. 
3. Conclusions
In this contribution we further analyzed the indoor distributed antenna case highlighted in [2]. We observe that:
· With the current specifications, much higher throughput can be achieved by colocating the eNB antenna ports than by interleaving them in space. 

· In an indoor scenario, rank 2 should be selected most of the time due to the short distance. A corollary of this is that any power imbalance between different ports will affect the throughput significantly. Grouped ports can achieve good power balance between different ports, which will result in good throughput performance. 
· With grouped antennas, more than 30% throughput gain can be achieved compared to with interleaved ports.  
We therefore conclude that:

· Careful consideration needs to be given to antenna configurations when they are deployed. 

· For cases when distributed antennas are important and they cannot be colocated, attention should be given to feedback enhancements to optimize the throughput. Some possible considerations are given in [4].
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5. Appendix – System level simulation assumptions
	Parameter
	Value

	Channel models
	ITU-R M.2135

	Channel fading 
	16.9 log10(d) +32.8+20 log10(f) (d in m, f in GHz)

	Shadow fading
	Sigma = 3

	Central Frequency
	2GHz

	Fading Scenario
	InH 

	TX power per antenna
	21dBm

	Noise Figure at receiver
	7 dB

	Duplex method 
	FDD

	Distance
	As shown in Fig.1 , d = 30 wave lengths

	Antenna configuration
	4 Tx at eNodeB, two ports( at the transmitter, two antennas are connected to one port A);
Distributed interleaved ports(| | | |), [0 300 600 900] wave lengths;
 Distributed grouped ports(||  ||), [300 310 600 610] wave lengths; 

	
	2 Rx at UE with 0.5 lambda spacing

ULA

	UE Speed
	3km/h

	System Bandwidth
	10MHz

	FFT length
	1024

	Number of UEs
	1

	Precoding technique
	Precoding vector or matrix is based on SVD for summed channel covariance matrix.
With wideband feedback

	Channel estimation
	Ideal channel estimation

	Receiver
	MMSE receiver
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