3GPP TSG RAN1 #62bis                                         R1-105304
Xi’an, China 
October 11 - October 15, 2010
Source:
Pantech
Title:
Enhanced CQI feedback for MU-MIMO 
Agenda Item:
6.3.2.1
Document for:
Discussion
1. Introduction
The following was observed in the chairman’s notes of Jeju (#59) meeting: 

“Techniques based on Rel-8 CQI/PMI feedback extension to focus on and try to narrow down:

· PMI extensions:

· Multiple PMIs, e.g. addition of best companion, worst companion

· Feedback to accompany PMI e.g. long-term tx covariance

· Codebook enhancements:

· Adaptive / downloadable, based on e.g. antenna configuration, propagation environment

· differential codebook structures

· SRS-based enhancements

· CQI: modified CQI definitions (as addition to Rel-8 definition)
In this contribution, we discussed the enhanced CQI feedback for MU-MIMO.
2. MU-MIMO in Rel.9
For MU-MIMO operation in release 9, firstly, each UE estimates the channel by CRS. Based on the estimated channel state information (CSI), the UE selects the PMI from the codebook assuming SU-MIMO operation. After the PMI is selected, the UE will calculate the post SINR as CQI for the selected PMI. Then, the UE feeds back the PMI and the corresponding CQI to the eNB. It should be noted that all the feedbacks are based on the assumption of SU-MIMO mode operation.

Based on the feedbacks, the eNB does multi-user scheduling, which supports dynamic switching between SU-MIMO mode and MU-MIMO mode. If the eNB selects SU-MIMO mode, it only transmits one UE’s data symbols by using the PMI feedback as the precoding matrix and CQI feedback to decide the MCS level. In this case, all the feedbacks are assumed ideal. If the eNB selects MU-MIMO mode, it takes 2 UEs to pair together and calculates the precoding matrix. Then, it transmits the data symbols of two UEs’ which are precoded by the precoding matrix. 
At the UEs, at first, they estimate the precoded channel by DM-RS. Then, they recover the original data symbols by post decoding with precoded channel information.
From above, we can see that all the feedbacks from the UE side are for SU-MIMO. Thus, it could be said that, for MU-MIMO mode, both the PMI and CQI are not optimized.  For release 10, feedback enhancement for MU-MIMO should be considered. 
3. Enhanced CQI Feedback for MU-MIMO of Rel.10
In this contribution, we mainly focus on the CQI feedback enhancement for MU-MIMO. In  MU-MIMO, usually it is not easy to predict the MU-MIMO CQI because the UEs can not know the PMI of the co-schedled UE’s.  If there is best companion PMI feedback, the UE can exactly know the MU-MIMO CQI based on the assumption that the only best companion PMI UE can be paired together for MU-MIMO operation. 
However, based on the agreement on MU-MIMO dimensioning for Rel. 10, there will be too many cases of pairing. For example, if one UE is in rank 1, all the possible cases for his co-scheduled UEs are shown in Table 1.
Table  1: The proposed DL signalling for non-transparent MU-MIMO
	Total number

Of layers
	Number of 

co-schedled UEs
	Rank of 
co-schedled UEs

	2
	1
	1 co-scheduled UE in Rank 1

	3
	1
	1 co-scheduled UE in Rank 2

	3
	2
	Both 2 co-scheduled UEs in Rank 1

	4
	2
	1 co-scheduled UE in Rank 1

The other co-scheduled UE in Rank 2

	4
	3
	All 3 co-scheduled UEs in Rank 1


It’s obviously only one best companion feedback can not cover all the cases.  So if we consider to use best companion PMI feedback, it’s better to add more limitation on MU-MIMO operation, that is, the maximum number of the co-scheduled UEs is two, so that only one best companion PMI is needed for each UE. In this case, since the PMI of co-scheduled UE are exactly known, the UE can predict the MU-MIMO in high accuracy. 
If there is no best companion PMI feedback, the UE can only approximately predict the MU-MIMO CQI. For the CQI prediction, the UE do not care about how many co-scheduled UEs there are, but the toal number of layers which decide the interference. We do not need the limitation that the maximum number of the co-scheduled UEs is two. Since there is no best companion PMI feedback, the UE assume the PMI of the co-schedled UE’s from the best companion set which is orthogonal with his own PMI.  

However, the UE also can not predict the total number of layer in MU-MIMO mode. So it’s difficult to predict MU-MIMO CQI at the UE side. One solution is to feedback the average value of the CQI in all possible total number of layers. For example, assume the UE is in rank 1, the total number of layers can be 2,3,and 4.  If the UE approximately predict the MIMO CQIs for total rank 2,3, and 4 is 
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, the feed back MU-MIMO CQI can be:
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It should be noted that this CQI also very coarse. How much gain can be obtain by the CQI need to be investigated
4. Conclusion
In this contribution we discuss the CQI feedback scheme for MU-MIMO. We think that if there is best companion PMI feedback, the UE can exactly know the MU-MIMO CQI with the limitation that the maximum number of the co-scheduled UEs is two. If there is no best companion PMI feedback, the MU-MIMO CQI can be approximate estimated by average.
.
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