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1 Introduction
In RAN#51, a new downlink MIMO SID for Rel-11 [1] has been agreed. One of the objectives in this SID is to evaluate issues from real-life network deployments of MIMO. In RAN1#65, partial reciprocity due to asymmetric antenna configuration was discussed in [2] and some feedback enhancements were proposed to optimize this scenario.
In this contribution, we discuss the enhancements for partial reciprocity and provide some simulation results to compare different transmission schemes.
2 Enhancements for Partial Reciprocity
In Rel-10, if UE can transmit SRS from all UE antennas, eNB can determine the rank and optimal precoder based on full channel reciprocity.  With full channel reciprocity, it is likely to achieve more precoding gain over PMI feedback mode. However, if UE is configured with asymmetric antenna (e.g  1Tx 2Rx  or 2Tx 4Rx at UE),  eNB can get only partial reciprocity.   As shown in [2], rank 1 eigen beamforming based on partial channel knowledge has better performance than the scheme with rank 1 PMI reported by the UE.   Besides partial channel reciprocity, full channel reciprocity should also be considered in such case.  In order to evaluate the benefits of channel reciprocity (both full and partial), we consider four different schemes and the system level simulation results are given in table 1.
· Scheme 1: PMI feedback mode
UE calculates subband PMIs based on full channel information and fed back these PMIs based on Rel-8 codebook.
· Scheme 2: Full reciprocity
The eNB measurement corresponding to all antennas at the UE and can determine the optimal precoder. 
· Scheme 3: Partial reciprocity (X of X X)
UE transmits SRS at the two cross-polarized antennas which are located at the same place, as is shown in figure 1(a).
· Scheme 4: Partial reciprocity (\\ of X X)
UE transmits SRS at the two ULA antennas which are located at different place, as is shown in figure 1(b).
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Figure 1The mapping schemes from SRS antenna ports to physical antennas
Table 1 System evaluation results based on different transmission schemes
	
	3GPP case1 0.5λ  XPOL
	UMi 4λ XPOL

	
	Average System Spec Eff (b/s/Hz/Sec)
	Average Cell edge Spec Eff (b/s/Hz/Sec)
	Average System Spec Eff (b/s/Hz/Sec)
	Average Cell edge Spec Eff (b/s/Hz/Sec)

	PMI feedback mode(baseline)
	4.7642
	0.1550
	3.4578
	0.0907

	Full reciprocity
	5.1806(+8.74%)
	0.1551(+0.06%)
	3.6962(+6.9%)
	0.1096(+20.8%)

	Partial reciprocity

(X of X X)
	5.0373(+5.73%)
	0.1478(- 4.6%)
	3.5268(+1.99%)
	0.1088(+19.96%)

	Partial reciprocity

(\ \ of X X)
	4.7024(-1.3%)
	0.1394(-10%)
	2.9783(-13.87%)
	0.0875(-3.53%)


From above simulation results, it can be seen that the performance of these four schemes is in the following order:
Full reciprocity >Partial reciprocity (X of X X)> PMI feedback mode>Partial reciprocity (\ \ of X X)
Based on above observation, we can conclude that it is better to choose the cross-polarized antennas to transmit SRS from the perspective of DL performance based on partial reciprocity. However, it may be not suitable for UE to achieve better UL performance. e.g, For the 2Tx 4Rx UE case, we know that hand gripping will produce shadow for antenna 1, 3 or 2, 4 at the same time. If the cross-polarized antennas transmitting SRS is happened to be gripped by hand, it can bring large UL performance loss. So from UL perspective it is better to transmit SRS from the two ULA antennas which are located at different places. 

In DL and UL aspects, when a UE is configured with asymmetric antenna, there are two different ways for UE transmit antenna selection.  The scheme of partial reciprocity (X of X X) achieves more gain over PMI feedback mode.  On the other hand, the performance of PMI feedback mode is better than that of partial reciprocity (\ \ of X X). It’s unknown to eNB how UE maps its antennas to SRS ports.  Hence it is difficult for the eNB to determine whether to use partial reciprocity or PMI feedback mode.  Further study is needed to identify the scenarios for partial reciprocity.
Best performance can be achieved based on full reciprocity between four schemes.  From above simulation results, it can be observed that full reciprocity can achieve 7-9% gain on average system spectral efficiency over PMI feedback mode.  For cell edge performance, more gain (20%) can be obtained with full reciprocity under UMi.  The gain with partial reciprocity sometimes is comparable with that of full reciprocity on cell edge but a few percents loss are observed on cell edge even if SRS transmits in cross-polarized configuration (i.e. X of XX) for DL performance.  We can see the benefits of full channel reciprocity.  As a result, it is desirable to study the SRS enhancement for full reciprocity such as introducing the function of SRS transmit antenna/antenna group selection for beyond Rel-10 UE. 
Proposal：To improve the performance for asymmetric antenna cases, it is desirable to study SRS enhancement for full reciprocity.  Further study is needed to identify the scenarios which partial reciprocity can bring benefits.
3 Conclusion
In this contribution, we discuss partial channel reciprocity and do performance comparison among cases with partial channel reciprocity, full channel reciprocity and PMI feedback.  According to the simulation results, full channel reciprocity outperforms all other schemes.  Therefore, SRS enhancement should be considered to achieve full reciprocity in asymmetric antenna cases.  It can be also observed that partial channel reciprocity can sometimes provide performance benefit over PMI feedback but how physical antennas are mapped to SRS ports can affect the performance of partial channel reciprocity.  This is an interesting real-life issue we should further study to enhance TDD performance in the case of asymmetric antenna.
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Annex
Table 2   System level simulation assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m for 3GPP Case1, 200m for ITU-UMi

	Operating bandwidth (BW)
	10 MHz

	Penetration loss
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1

ITU – UMi

	Antenna spacing at (eNB,UE)
	4 x 4 SU/MU-MIMO

	Antenna polarization for DP configurations
	+/-45at eNB,  90/0at UE

	CQI/PMI/RI reporting
	5ms for CQI/PMI

Subband CQI/PMI

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Channel estimation
	Non-ideal

	MU Precoding algorithm
	Zero forcing
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