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1 Introduction

In RAN1 #62, some progress of CSI feedback for DL-MIMO has been made in RAN1.  The following was agreed [1]:

· 2Tx Rel.10 codebook is the 2Tx Rel.8 codebook

· 4Tx Rel.10 codebook is the 4Tx Rel.8 codebook

· 2 & 4 Tx Rel.10 CQI, and if possible PMI/RI, feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account

· 8 Tx Rel.10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account
It was agreed that codebook enhancement is not supported in Rel-10.   According to this agreement, MU-MIMO can be enhanced with better CQI accuracy if performance gain is sufficient.  It’s straightforward to derive CQI based on SU hypothesis as it is done currently for Rel-8.  On the contrary, it’s challenging to derive accurate MU CQI at UE since MU pairing and final precoder calculation is done at eNB.  
In this contribution, we discuss about three alternatives of MU CQI enhancement.
2 MU-CQI enhancement 
2.1 Alt 1 - Multi-rank CQI/PMI Feedback [2][3]
In additional to the CQI/PMI based on SU rank hypothesis, one more pair of CQI/PMI is calculated and fed back based on the restricted rank.  This mainly improves the feedback of higher-rank (e.g. rank3-8) UEs for MU transmission which can be done only with lower rank (rank 1 or 2).  
However, it is questionable on how likely a higher rank UE would be co-scheduled with another UE to do MU transmission.  In terms of system throughput, there is no clear advantage for higher rank UEs to do MU transmission since the total number of layers in one transmission may not increase comparing with doing a high rank SU transmission.  Also, this method doesn’t capture the MU interference when CQI is calculated.  So this method still rely on eNB to do CQI adjustment for MU based on the final precoders and/or based on ACK/NACK.
2.2 Alt 2 - MU CQI based on the hypothesis of an interfering PMI set
MU CQI can be calculated based on a set of interfering PMI by assuming some sort of MU pairing strategy at eNB.  For example, we can assume that eNB pairs two UEs only if their PMIs are orthogonal to each other.  Based on this assumption, a set of potential interfering PMIs can be obtained once the user PMI is determined at UE.  Multiple CQIs (or SINRs) are each calculated corresponding to each interfering PMI in the set.  MU CQI can be obtained based on the average of these CQIs or based on the minimum CQI.   
This method somehow captures the MU interference when this MU CQI is calculated.  However, it is based on some assumptions of MU pairing strategy at eNB.  Since MU pairing is an implementation issue at eNB, there is chance that the actual MU pairing strategy doesn’t match with the assumption.   So the interference estimation based on this assumption may be a bit too rough. 
2.3 Alt3 - DMRS based MU CQI 
Interference can be estimated based on the past MU transmission.  Delta CQI can be calculated based on the interference channel estimation.  Assuming we have orthogonal DMRS for each layer, effective channel after beamforming on each layer can be estimated at UE.  Let say 
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 are the estimated user channel and estimated interference channel respectively.  We can construct the SINR assuming there is no MU interference:
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where 
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 is estimated covariance of noise and inter-cell interference.

We can estimate the SINR with MU interference as follows:
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Delta CQI due to MU interference can be obtained by finding the difference between the SINRs in  (1) and (2).
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Alternatively, we can perform averaging on the past MU interference (in both time domain and frequency domain) to calculate the SINR with MU interference:  
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 is fed back to eNB so that eNB can do the CQI backoff based on the SU CQI and this 
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One may argue that this approach is not reliable as DMRS is available only when the data traffic is there in certain time and frequency resources.  While this DMRS based CQI approach performs the best under the scenario with wideband full buffer MU transmission, it is expected to give certain benefit even for subband and bursty transmission provided that typical channel scenario for MU is correlated and it is not varying a lot over time and frequency.  
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 can be fed back via aperiodic PUSCH.  The eNB can trigger this aperiodic feedback only after certain MU transmission is delivered to this user.  We can perform averaging on the past MU interference.  This idea is similar to other link adaptation approach (e.g. OLLA, inter-cell interference estimation) which performs better when there is full buffer traffic.   For example, CQI is adjusted based on ACK/NACK which depends on received data bandwidth also.  The performance gain may become less when there is bursty traffic but it is still better to have it rather than nothing.  Moreover, MU interference mainly depends on eNB MU pairing and precoding strategies.  It is expected these strategies wouldn’t change much over time.  So the MU interference level should not vary too much.  Through measurement from DMRS, UE can obtain the average level of MU interference associated with the eNB implementation.  
3 Simulation Results
In this section, we evaluate the performance of the 3 alternatives of MU CQI enhancement under cross-polarized antenna setup with antenna spacing 0.5( and 4(. The simulation assumptions used in system level simulation are given in the appendix.  For all the simulations, we have SU/MU dynamic switching with maximum total number of layers equal to 2.  i.e. only one layer per UE is allowed for MU transmission.  Feedback mode PUSCH 3-1 is used.
	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 SU CQI/PMI
PMI – (5ms, 50RB),  CQI – (5ms, 6RB)
	3.19
	0.0906

	Alt1- Rel-8 SU CQI/PMI + Restricted rank (rank-1) CQI/PMI 

PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	3.19 (+0%)
	0.0933 (+2.96%)

	Alt2- Rel-8 SU CQI/PMI +  average MU CQI  (assuming MU orthogonal pairing)

PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	3.21 (+0.63%)
	0.0941 (+3.9%)

	Alt3- Rel-8 SU CQI/PMI +DMRS based delta CQI
PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	3.22 (+1%)
	0.0942 (+4.0%)


Table 1 4x2 SU/MU-MIMO Performance under XPOL antenna and 0.5( antenna spacing with feedback via PUSCH 3-1
	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 SU CQI/PMI

PMI – (5ms, 50RB),  CQI – (5ms, 6RB)
	2.98
	0.0784

	Alt1- Rel-8 SU CQI/PMI + Restricted rank (rank-1) CQI/PMI 

PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	2.98 (+0%)
	0.0786 (+0.3%)

	Alt2- Rel-8 SU CQI/PMI +  average MU CQI  (assuming MU orthogonal pairing)

PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	2.99 (+0.3%)
	0.0787 (+0.4%)

	Alt3- Rel-8 SU CQI/PMI + MRS based delta CQI
PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	2.99 (+0.3%)
	0.0789(+0.7%)


Table 2 4x2 SU/MU-MIMO Performance under XPOL antenna and 4( antenna spacing with feedback via PUSCH 3-1
We have the following observations from the simulation results:
1. The 3 alternatives of CQI enhancement provide some gain (up to around 4%) on cell-edge spectral efficiency when the antenna spacing is 0.5(.  The gain on cell average spectral efficiency is small.  

2. The 3 alternatives of CQI enhancement provide no or very small gain when the antenna spacing is 4(.  In uncorrelated setup, SU is mostly chosen during SU/MU dynamic switching.  Since only small portion is MU, the gain of MU CQI is limited.

3. DMRS based MU CQI provides the largest performance gain comparing with other alternatives.
4 Conclusion

In this contribution, we discuss about various approaches of MU CQI enhancement.  Performance evaluation is done to compare three alternatives of MU CQI enhancement.  Based on the simulation results, we propose to use DMRS based MU delta CQI  if MU CQI enhancement is necessary.
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Appendix A
Table A1: System Level Simulation Assumptions
	Parameters
	Assumptions

	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

	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 3D -  SCME- UMa  (Low spread)

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ or 4( separation 
Receiver: 2Rx cross-polarized antenna at UE 

	Number of UEs per cell
	10

	CQI/PMI reporting interval 
	5ms for CQI/PMI 

	Link adaptation 
	SU-CQI/PMI feedback and MU CQI if it is specified,  CQI adjustment at eNB based on ACK/NACK

	MU Precoding
	SLNR

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal
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