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1. Introduction

In Rel-11, more practical antenna configurations are to be considered [1]. Among them, diversity configurations such as 4Tx widely spaced XPOL antennas would be an important antenna configuration for optimization. The reasons are as follows.

· Widely spaced cross-pol (“x    
  x”) is feasible in certain deployment

· Space diversity created by transparent RRH that is far apart from eNB

· Higher sum-capacity potential of un-correlated channel compared to beamforming antennas 
In this contribution, we evaluate the SU-MIMO performance with 4Tx codebook enhancement under widely spaced XPOL antennas and discuss about MU-MIMO under diversity scenarios.
2. 4Tx Codebook Accuracy for SU-MIMO

In SU-MIMO, precoding is mainly to improve the signal part of the received SINR at each target UE. Therefore, CSI feedback inaccuracy only reduces the precoding gain. In this section, we evaluate the potential gain if we enhance high rank Rel-8 codebook. With/without antenna calibration are considered in the following simulation. Time misalignment seems to be a more serious issue. So in our simulation, only time alignment error model in [4] is considered. SU-MIMO with R8 PMI and ideal PMI feedback under 4Tx widely spaced XPOL antennas are compared. The ideal PMI means eigenvectors feedback with the same feedback delay and subband feedback granularity.  At the same time, RI/CQI will also be recommended by UE according to the eigenvectors
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Figure 1: 4x4 UMi R8/Ideal PMI performance w/o calibration  Figure 2: 4x4 UMi R8/Ideal PMI performance with calibration
It can be observed from the simulation result that:
For SU-MIMO, Rel-8 codebook seems to perform well under 4Tx widely spaced XPOL antennas regardless whether the antenna is calibrated or not.  Rel-8 codebook design took both dual-polarized channel structure and maximizing chordal distance into consideration.  
3. 4Tx Codebook Accuracy for MU-MIMO
In MU-MIMO, precoding also needs to take into co-scheduled UEs account to minimize the leakage. So the CSI feedback error can cause inter-user interference that may wipe off the gain of MU-MIMO over SU-MIMO, especially when it reaches interference limiting scenario as SNR increases 
In Rel-10，some companies think that the potential gain of MU-MIMO is primarily seen in correlated channel scenarios[2][3]. Separating multiple UEs in spatial domain over short-term uncorrelated channel dimensions (such as between polarizations) is questionable[2]. Because of the tight time window in Rel-10, CSI enhancement for MU-MIMO in uncorrelated channel is not fully discussed.  In Rel-11 we can revisit this issue.  The following aspects can be considered for MU-MIMO enhancement.
· Potential MU benefits over SU under uncorrelated channel scenarios

In Rel-10 and Rel-11, inter-cell interference can be reduced with interference coordination/avoidance techniques like eICIC and CoMP.  With these techniques, more UEs with high SINR can be seen more frequently.  Higher order MU-MIMO can be supported in high SINR condition.  In uncorrelated channel under XPOL antenna configuration, the channel quality of the two layers of rank-2 capable UEs can be quite different.  In this case, there is potential gain to do MU-MIMO if the layer with better CQI can be allocated to each co-scheduled UE.  Therefore, the sum rate can be potentially increased.
· Robustness of CSI Feedback

The spatial CSI quantization for uncorrelated channel is more challenging than correlated channels. The widely spaced XPOL channel satisfies certain channel structure which we should take into account for CSI feedback design. In [5], we show that an extension example to 4Tx codebook for ULA which can provide significant gain in both correlated and uncorrelated channel.  For widely spaced XPOL antennas, we believe that a similar extension based on the cross-polarized channel structure can improve the robustness of CSI feedback to interference.  
· Hotspot scenario 
In Rel-10, only 10 active users are usually considered in a cell.  It’s not easy to find two or more users with orthogonal or quasi-orthogonal channel with 10 users. Because of rapid increase of smartphone users, new hotspot scenarios potentially with much more users should be considered.  In this case, it is easier to get good MU pair which potentially can boost up the gain offered by MU-MIMO.  Higher order MU-MIMO with orthogonal DMRS can be revisited in this case.
Proposal: the potential gain of 4Tx codebook enhancement for MU-MIMO in new scenarios like distributed-RRHs with same cell ID or highly loaded hotspots under widely spaced XPOL antennas should be further studied in Rel-11
4. Conclusion
In this contribution, we discuss about CSI feedback enhancement under more practical antenna configuration.  The preliminary performance evaluation on SU-MIMO shows that the room for PMI feedback enhancement is not large.  Focus should be on MU-MIMO to study the potential gain of codebook enhancement for MU-MIMO in new scenarios like distributed-RRHs with same cell ID or highly loaded hotspots.
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Appendix: Simulation Setup

	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	Operating bandwidth (BW)
	10 MHz 

	UE Speed
	3km/h

	Channel model
	ITU-UMi

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB 

Receiver: 4Rx cross-polarized antenna at UE
Antenna tilt  etilt  15 degree, 3D antenna pattern

	Calibration Error Model
	Time misalignment Mode in [R1-104252]

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 Ideal PMI (R feedback) and CQI 

R8 RI/PMI/CQI,

	Link adaptation
	With rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	Chase Combining



































