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1 
Introduction
During RAN#53 the revised DL MIMO Enhancements SI has been agreed as one of the priority topics to be handled during the next months in RAN1. Special attention in the SID is given on CSI Feedback Enhancements and in [1] the scenarios A and C have been defined as priority scenarios for investigation of possible CSI enhancements, which were further refined in [2]. 
In this contribution we focus on the evaluation of potential single-point CSI feedback for the defined scenarios A and C, where the antennas for DL MIMO operation as co-located at a single physical location. The evaluation focuses on potential PMI enhancements for the aforementioned scenarios. The specific possible CSI enhancements for Scenario B, namely related to PMI feedback support for physically separated TX antennas of the cell, are closely related to PMI information for CoMP operation, and therefore are considered in [3].
2 
PMI Enhancements targeting MU-MIMO operation
PMI enhancements are one of the issues specifically mentioned to be studied as part of the Rel.11 DL MIMO Enhancements study item. There seems to be the common understanding that the gains of possible PMI enhancements will be very much limited for SU-MIMO operation. The opportunities to provide system performance gains by PMI enhancements combined with other possible MU-MIMO CSI enhancements seem to be more promising, which justifies the focus on MU-MIMO as such.

So far, the discussion on MU-MIMO PMI enhancements in different companies’ contributions has been beside other proposals mainly focusing on the following points, identified during the related Rel. 10 studies already:
· Codebooks optimized for X-pol eNB antenna setups

· Finer granularity, i.e. larger (effective) codebook

· Best-companion PMI

· Rel. 10 type of w1/w2 codebook structure of 8TX to be adopted for 4TX

In general, the increase in complexity and/or signalling overhead would need to be justified by adequate system performance gains. Tables 1, 2, 3, and 4 below show the performance of MU-MIMO transmission based on SVD feedback compared to the best performing Rel.10 scheme for the different scenarios. The simulated Rel-10 schemes are either SU-MIMO with maximum of two layers, or MU-MIMO with maximum of two UEs. For scenario C, the throughput is measured for the UEs associated with LPNs only, but the macro layer is simulated as well in order to generate interference in Scenario C1 and to determine the cell association in Scenario C2. More details on the used parameters are shown in Appendix A.
Table 1: Scenario A, 4x2, cross-polarized antenna configuration, closely-spaced, PUSCH mode 3-1
	Scenario
	Scheme
	Average Sector SE (bps/Hz)
	5% SE (bps/Hz/user)

	A
	SU-MIMO, Rel-10 CB
	2.004
(Reference)
	0.056
(Reference)

	
	MU-MIMO SVD
	2.252
(12.4%)
	0.061
(8.9%)


Table 2: Scenario C, 4x2, cross-polarized antenna configuration, closely-spaced, PUSCH mode 3-1
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.935
(Reference)
	0.139
(Reference)

	
	MU-MIMO SVD
	2.968
(1.1%)
	0.159
(14.4%)

	C1

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.716
(Reference)
	0.135
(Reference)

	
	MU-MIMO SVD
	2.845
(4.7%)
	0.144
(6.7%)

	C2
(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	4.032
(Reference)
	0.183
(Reference)

	
	MU-MIMO SVD
	3.960
(-1.8%)
	0.214
(16.9%)

	C2

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	3.576
(Reference)
	0.186
(Reference)

	
	MU-MIMO SVD
	3.629
(1.5%)
	0.205
(10.2%)


Table 3: Scenario C, 4x2, cross-polarized antenna configuration, widely-spaced, PUSCH mode 3-1
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.894
(Reference)
	0.135
(Reference)

	
	MU-MIMO SVD
	2.934
(1.4%)
	0.154
(14.1%)

	C1

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.590
(Reference)
	0.121
(Reference)

	
	MU-MIMO SVD
	2.713
(4.7%)
	0.132
(9.1%)

	C2
(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	4.008
(Reference)
	0.179
(Reference)

	
	MU-MIMO SVD
	3.943
(-1.6%)
	0.210
(17.3%)

	C2

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	3.452
(Reference)
	0.166
(Reference)

	
	MU-MIMO SVD
	3.500
(1.4%)
	0.182
(9.6%)


Table 4: Scenario C, 4x2, co-polarized antenna configuration, closely-spaced, PUSCH mode 3-1
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	MU-MIMO, Rel-10 CB
	2.719

(Reference)
	0.145

(Reference)

	
	MU-MIMO SVD
	3.044

(12.0%)
	0.162

(11.7%)

	C1

(20% outdoor UEs)
	MU-MIMO, Rel-10 CB
	2.648

(Reference)
	0.138

(Reference)

	
	MU-MIMO SVD
	2.922

(10.3%)
	0.153

(10.9%)

	C2
(100% outdoor UEs)
	MU-MIMO, Rel-10 CB
	3.690
(Reference)
	0.221
(Reference)

	
	MU-MIMO SVD
	4.032

(9.3%)
	0.246

(11.3%)

	C2

(20% outdoor UEs)
	MU-MIMO, Rel-10 CB
	3.415
(Reference)
	0. 204
(Reference)

	
	MU-MIMO SVD
	3.715

(8.8%)
	0.230

(12.7%)


It has been assumed that even moderate gains compared to Rel-10 feedback in the order of 15% could justify further studies on enhancements for MU-MIMO operation in Rel-11. As it is clear from Tables 1-4, the achievable gains over the Rel-10 feedback are not meeting this criterion in general. For Scenario A, the achievable gains are only 12.9% and 8.9% for average sector spectral efficiency and cell-edge spectral efficiency, respectively. For Scenario C with cross-polar configurations, the average LPN cell SE gains compared to Rel-10 SU-MIMO varies from -2% to 5%, while cell-edge SE varies from 7% to 17%. It should be noted that the highest cell-edge SE gains are obtained in case all UEs are assumed to be outdoors, but the gains reduce significantly when a large number of UEs are assumed to be indoors. 
For Scenario C with co-polar configurations, the average LPN SE gains compared to Rel-10 MU-MIMO varies from 9% to 12%, while cell-edge SE varies from 11% to 13%. For the co-polar configurations the relative gains are not very much dependent whether or not the user is outdoor.

Hence, for all simulated deployments, gains obtained with MU-MIMO based on SVD feedback with infinite quantization are below the target threshold for considering further studies on MU-MIMO enhancements, especially considering that practical feedback schemes would further reduce the achievable performance gains.
Observation 1: For all simulated deployments, gains obtained with MU-MIMO based on SVD precoding with PUSCH mode 3-1 feedback are below the target threshold for considering further studies on MU-MIMO enhancements. Practical schemes are supposed to show even smaller performance gains.
In principle, further enhancements to MU-MIMO performance can be obtained if codebook enhancements are combined with smaller granularity of CSI feedback. Hence, in Tables 5-7 we show the performance of MU-MIMO based on SVD precoding with infinite quantization compared to Rel-10 schemes, where CSI feedback is narrowband for both PMI and CQI.

Table 5: Scenario C, 4x2, cross-polarized antenna configuration, closely-spaced, PUSCH mode 3-2
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.930

(Reference)
	0.137

(Reference)

	
	MU-MIMO SVD
	3.008

(2.7%)
	0.156

(13.9%)

	C1

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.730

(Reference)
	0.136

(Reference)

	
	MU-MIMO SVD
	3.049

(11.7%)
	0.157

(15.4%)

	C2
(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	4.031

(Reference)
	0.183

(Reference)

	
	MU-MIMO SVD
	4.027

(-0.1%)
	0.214

(16.9%)

	C2

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	3.599

(Reference)
	0.188

(Reference)

	
	MU-MIMO SVD
	3.876

(7.7%)
	0.226

(20.2%)


Table 6: Scenario C, 4x2, cross-polarized antenna configuration, widely-spaced, PUSCH mode 3-2
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.890

(Reference)
	0.133

(Reference)

	
	MU-MIMO SVD
	2.982

(3.2%)
	0.155

(16.5%)

	C1

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	2.642

(Reference)
	0.123

(Reference)

	
	MU-MIMO SVD
	2.967

(12.3%)
	0.147

(19.5%)

	C2
(100% outdoor UEs)
	SU-MIMO, Rel-10 CB
	4.010

(Reference)
	0.179

(Reference)

	
	MU-MIMO SVD
	4.024

(0.3%)
	0.213

(19%)

	C2

(20% outdoor UEs)
	SU-MIMO, Rel-10 CB
	3.528

(Reference)
	0.172

(Reference)

	
	MU-MIMO SVD
	3.812

(8.0%)
	0.209

(21.5%)


Table 7: Scenario C, 4x2, co-polarized antenna configuration, closely-spaced, PUSCH mode 3-2
	Scenario
	Scheme
	Average LPN SE (bps/Hz)
	5% SE (bps/Hz/user)

	C1

(100% outdoor UEs)
	MU-MIMO, Rel-10 CB
	2.716

(Reference)
	0.145

(Reference)

	
	MU-MIMO SVD
	3.063

(12.8%)
	0.156

(7.6%)

	C1

(20% outdoor UEs)
	MU-MIMO, Rel-10 CB
	2.659

(Reference)
	0.138

(Reference)

	
	MU-MIMO SVD
	3.041

(14.4%)
	0.154

(11.6%)

	C2
(100% outdoor UEs)
	MU-MIMO, Rel-10 CB
	3.688

(Reference)
	0.219

(Reference)

	
	MU-MIMO SVD
	4.058

(10.0%)
	0.244

(11.4%)

	C2

(20% outdoor UEs)
	MU-MIMO, Rel-10 CB
	3.424

(Reference)
	0.205

(Reference)

	
	MU-MIMO SVD
	3.864

(12.9%)
	0.237

(15.6%)


From Tables 5-7, it is clear that, in case of narrowband CQI and PMI, the gains are larger than in case of PUSCH mode 3-1 feedback. However, even in this case the gains are relatively small, and mostly below the target gains to justify study on further enhancements. This is particularly true for average LPN spectral efficiency. For cell-edge, the gains are in the range of 11% to 21%, which are not seen as large enough to justify investigation on MU-MIMO enhancements, as those gains are obtained with SVD precoding with infinite quantization, and hence are not achievable in practice.
Observation 2: For all simulated deployments, gains obtained with MU-MIMO based on SVD precoding with PUSCH mode 3-2 feedback are below the target threshold for considering further studies on MU-MIMO enhancements for average LPN spectral efficiency, but slightly above the target for cell-edge spectral efficiency. However, practical feedback schemes are bound to show even smaller performance gains, and hence the observed cell-edge gains are not large enough to justify further study on MU-MIMO enhancements.

One should consider as well that in practice the gains would be further reduced by limitations on the number of users to be scheduled in a subframe due to PDCCH capacity limitations. Furthermore, the feedback overhead and its impact on UL coverage should also be taken into account in the studies: for example it is not realistic to assume that cell-edge UEs would be capable of providing large CSI reports to the eNodeB reliably. 
Observation 3: Practical limitations on users/subframe may further reduce the gains of enhanced MU-MIMO. Furthermore, non-idealities in channel estimation as well as UL feedback coverage and capacity need to be kept in mind as well.
3 
Conclusion
In this contribution we discuss CSI Enhancements envisioned for Rel. 11. Based on the reflections, the essence of this contribution can be summarized in the following proposals and observations:

Observation 1: For all simulated deployments, gains obtained with MU-MIMO based on SVD feedback and PUSCH mode 3-1 feedback are below the target threshold for considering further studies on MU-MIMO enhancements. Practical schemes are supposed to show even smaller performance gains.

Observation 2: For all simulated deployments, gains obtained with MU-MIMO based on SVD feedback and PUSCH mode 3-2 feedback are below the target threshold for considering further studies on MU-MIMO enhancements for average LPN spectral efficiency, but slightly above the target for cell-edge spectral efficiency. However, practical feedback schemes are bound to show even smaller performance gains, and hence the observed cell-edge gains are not large enough to justify further study on MU-MIMO enhancements.

Observation 3: Practical limitations on users/subframe may further reduce the gains of enhanced MU-MIMO. Furthermore, non-idealities in channel estimation as well as UL feedback coverage and capacity need to be kept in mind as well.
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU UMa for macro, UMi for low power node

	Carrier frequency
	2GHz

	Deployment scenario
	A: Homogenous macro
C: Outdoor low power nodes in macro area

4 LPN per macro area

	Antenna configuration
	4 Tx 0.5λ or 4λ x-pol (-45o, 45o), for both macro and LPN

2 Rx 0.5λ x-pol (0o, 90o)

	Number of UEs per cell
	A: 10 UEs 

C: Configuration 4b (10 UE macro + 5 UEs / LPN)

	Transmission scheme
	{MU-MIMO with maximum 2 UE, SU-MIMO with maximum 2 layers per UE}

	Receiver
	Ideal LMMSE

	Feedback
	Mode 3-1 or Mode 3-2: {Rel’8 codebook, SVD}

6 ms delay PMI/CQI

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling
	A: 20 % UEs dropped outdoor

C: {All UEs dropped outdoor, 20 % UEs dropped outdoor}

	Traffic model
	Full buffer

	Channel estimation
	Realistic CSI-RS based estimation for CSI feedback

	HARQ
	Max 4 retransmission

Chase combining


