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1. Introduction
MU-MIMO has received substantial attention in Rel-10. By the introduction of UE specific RS and improved scheduler algorithms, healthy gains using MU-MIMO are already seen on system level. To further improve the performance various feedback enhancements are under consideration. 
Techniques for so-called MU-CQI are used in an attempt to improve the accuracy of the CQI for MU-MIMO operation. Out of all the proposals on MU-CQI, the way forward in [1] seems to have the largest momentum and therefore deserves particular attention. The basic idea in [1] is to let the UE report supplemental information in addition to the SU-MIMO CSI already being reported. This is combined with a restricted rank approach so that the scheduler always obtains a rank 1 precoder even if the SU-MIMO rank is 2. The UE computes a MU-CQI corresponding to the CQI seen on its own layer under the assumption of a total of four co-scheduled layers, all with orthogonal precoders.

This contribution assesses the performance of the MU-CQI principle as proposed in [1] . System level simulations are conducted showing essentially no benefit compared to the present CSI reporting in Rel-10.
2. System Level Simulation Results
The MU-CQI principle in the way forward [1] was evaluated for the Urban Macro scenario using 4 Tx antennas per sector at the eNodeB side. The performance was benchmarked against MU-MIMO using existing PUSCH 3-1 CQI Mode. Performance is in Table 1 seen to improve only marginally by using MU-CQI. 

Table 1: 4 Tx closely spaced cross pole.

	
	Cross-pole, 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	MU-MIMO:

PUSCH 3-1
	2.527 (0%)
	0.065 (0%)

	MU-MIMO:

MU-CQI [1]  
	2.540 (0.5%)
	0.067 (2.2%)


We also evaluated MU-CQI for the case of 8 Tx. There are now seven other interfering precoder vectors that are orthogonal to the UE’s own rank 1 precoder. We experimented with using various power distributions between the rank 1 precoder and the interfering precoders. In Table 2, we show results where ¼ of the power is placed on the rank 1 precoder, although the results are rather similar for other power allocations as well. As seen, also for the 8 Tx are gains negligible.
Observation

· Only marginal performance improvement from MU-CQI

Table 2: 8 Tx closely spaced cross pole.

	
	Cross-pole, 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	MU-MIMO:

PUSCH 3-1
	3.214 (0%)
	0.0934 (0%)

	MU-MIMO:

MU-CQI [1]  
	3.194 (-0.63%)
	0.0935 (0.16%)


3. MU-CQI Discussion

MU-CQI faces several challenges. The signaling overhead increases substantially since an extra CQI per subband now needs to be reported. Unfortunately, the extra overhead does not provide any significant performance increase, as opposed to PUSCH 3-2 where the gains in comparison are much larger. Also MU-CQI would need to be tested to ensure consistent UE behavior. 
Since MU-CQI is a totally new concept, there is no off-the-shelf testing methodology to re-use and RAN4 would need to start their work from scratch with unknown outcome. Considering the high work load and tight timeline in RAN4, the small gains of MU-CQI do not justify triggering the start of such a testing campaign in RAN4.

Observation

· MU-CQI incurs significant signaling overhead while showing no significant performance benefit

· New testing methodology would need to be developed jeopardizing the tight time line in RAN4.

Based on the simulation results which show no significant gain, we conclude that MU-CQI is not a feature that is needed and its introduction would only unnecessarily complicate the specifications. Hence, if a feedback enhancement is considered to be desirable, RAN1 better look at simpler schemes that do not jeopardize the standardization time line. PUSCH 3-2 [3] and soft rank restriction [2] both constitute such simple candidate schemes.

Proposal
· Support of MU-CQI not needed

· If a feedback enhancement is indeed deemed to be needed, consider other and simpler feedback schemes including PUSCH 3-2 [3] and soft rank restriction [2]
· The simplest would be to have no extra functionality which should be fine considering the already healthy MU-MIMO gains that can be achieved
4. Conclusions
This contribution considered MU-CQI as a feedback enhancement for Rel-10. Based on system level evaluations and discussion we make the following observations and proposals
Observation

· Only marginal performance improvement from MU-CQI
· MU-CQI incurs significant signaling overhead while showing no significant performance benefit

· New testing methodology would need to be developed jeopardizing the tight time line in RAN4.

Proposal

· Support of MU-CQI not needed

· If a feedback enhancement is indeed deemed to be needed, consider other and simpler feedback schemes including PUSCH 3-2 [3] and soft rank restriction [2]

· The simplest would be to have no extra functionality which should be fine considering the already healthy MU-MIMO gains that can be achieved
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6. Appendix
Table 3: System level simulation assumptions.

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter site distance
	500 m

	Average number of UEs per cell
	10 unless explicitly stated otherwise

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	SCME Urban Macro

	Pathloss model
	128,1 + 37,6 log10(R) dB, (R in km)

	Transmit power
	40 W

	BS antenna configuration
	4 Tx: Two closely spaced ±45° cross-poles with 0.5 λ separation

8 Tx: Four closely spaced ±45° cross-poles with 0.5 λ separation



	UE antenna configuration
	2 Rx: cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of RBs per subband
	6

	Feedback CQI delay
	6 ms

	CQI reporting periodicity
	5 ms








