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1. Introduction
In TDD system, MIMO operation usually relies on channel reciprocity.  In TM8 and TM9, UE feeds back CQI based on CRS assuming transmit diversity(TxD) scheme is applied when the UE is configured without RI/PMI reporting.  In TM10,  the channels are inferred from CSI-RS ports for TxD based CQI.  The performance much depends on the UL channel estimation accuracy and TxD based CQI.
In this contribution, we present initial evaluation results of TxD based CQI for TDD EBF/FD-MIMO system and provide some directions on potential enhancements on CQI for TDD system. 
2. CQI estimation
Downlink CQI based on CRS/CSI-RS assuming transmit diversity scheme is applied, is denoted as CQI0.  The rank is determined by eNB typically by checking the eigenvalues of channel covariance and considering the beamforming gain.  8Tx cross-polarized antenna and 2Rx cross-polarized antenna is assumed in the simulation, so the rank can be one or two. CQI derivation based on SRS depending on the rank is as follows:
Rank=1
Beamforming gain G over transmit diversity scheme is added on CQI0, the first stream CQI equals the G+CQI0.
Rank=2

Two eigenvalues represent the different performance gains for each stream, denote 
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3. Uplink SRS transmission
From UE side, SRS is transmitted on two antennas to assist the eNB to obtain the full channel information. The uplink channel is obtained by SRS with channel estimation error modelling, details of SRS channel estimation error modeling were clarified in the companion contribution [1]. Open loop power control was applied, and P0/alpha was assumed as -81dBm/0.8. 
4. Evaluation results of TxD based CQI
In system level evaluation, we compare two cases of CQI as following:

· Beamforming based CQI - UE derives and feeds back the CQI based on the channel measured from CSI-RS and the downlink interference-noise covariance matrix measured from CSI-IMR.   When deriving the CQI, the UE assumes beamforming is done based on eigenvector(s) of the measured channel covariance R.
· TxD based CQI  - UE derives and feeds back the CQI based on the channel measured from CSI-RS and the downlink interference-noise covariance matrix measured from CSI-IMR. When deriving the CQI, the UE assumes TxD scheme is applied.
Table 1 show the performance of two cases CQI with SRS channel estimation error modeling.
Table 1:  Simulation results for TxD based CQI  (8TXRUs, Full buffer, UMa ISD 500m)
	
	Average Cell  Spec Eff (bps/Hz)
	Gain
	5% Cell edge Spec Eff (bps/Hz)
	Gain

	Beamforming based CQI (baseline)
	3.56
	-
	0.10
	-

	TxD based CQI
	3.51
	-1.4%
	0.08
	-20%


From the above simulation results, it can be observed that there is non-negligible performance loss in 3D-UMa homogeneous scenarios.
Observation 1: Non-negligible performance loss is observed if TxD based CQI in current specification is feed backed by UE.
Since the loss is not small, enhancement for TxD based CQI may be needed in TDD EBF/FD-MIMO system.
5. Potential Enhancements 

CSI feedback based on beamformed CSI-RS and based on reduced dimension channel are discussed in [2] and [3] respectively.    These approaches both use precoded CSI-RS by virtualization so that the UE can measure CSI based on the precoded CSI-RS.    The same framework can be used here for TDD CQI enhancement.  In TDD, if 3D beamforming weight is solely determined by the eNB based on SRS.  The CSI-RS virtualization can be done such that all the TXRUs are virtualized to CSI-RS ports according to the beamforming weight.  The number of beamformed CSI-RS ports would be equivalent to the rank in this case.  The UE can then feedback CQI based on the beamformed CSI-RS.    The major issue of this approach is CSI-RS overhead issue especially in case of high number of users.  The overhead issue can be alleviated by aperiodic CSI-RS as described in [2].  
6. Conclusion

In this contribution, the evaluation results of TxD based CQI for TDD EBF/FD-MIMO system are provided.   It is observed that there is non-negligible performance loss if TxD based CQI is fed back by UE compared to CQI based on beamforming.  It is recommended to study further on the enhancements for CQI for TDD EBF/FD-MIMO system.
7. Reference

[1] R1-150159, “Phase 1  Evaluation Results of TDD  System Using 3D channel Models”, ZTE
[2] R1-150164, "Discussion on Aperiodic and Beamformed CSI-RS schemes", ZTE
[3] R1- 150163, " Discussion on Feedback Scheme for Reduced Dimension Channel", ZTE
8. Appendix
Table A.1: System level simulation assumption
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	System bandwidth
	10 MHz

	Number of UEs dropped within each cell
	10

	Channel Model
	 3D-UMa 

	Tx Power
	43dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 8Tx cross-polarized antenna

Receiver: 2Rx cross-polarized antenna at UE

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

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	Full buffer

	Feedback Assumption
	non-ideal, based on SRS
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