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1. Introduction
In this contribution, we present evaluation results for CSI enhancements based on single CSI resource. The prioritization of scenarios as agreed in [1] copied below.

Focus on the high priority scenarios (A, B, C) for feedback enhancement in the DL MIMO SI, within which Scenarios A and C have higher priority than Scenario B. The scenarios identified with lower priority, including their simulation assumptions, can be discussed in a later stage when the study on the high priority scenarios is close to completion.
As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI, with the following motivations

· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI
Further discussion on CSI enhancements for a single CSI-RS resource is summarized in a companion contribution [2]. 
2. Evaluation Details
The simulations are based on agreed evaluation assumptions and higher priority scenarios A and C, which are summarized below.
Scenario A: Homogeneous Macro Only

Scenario C1: Macro and LPN on same carrier; No Coordination between transmission points
Scenario C2: Macro and LPN on adjacent carriers; No Coordination between transmission points
For Release-10 baseline, we consider Release-10 4Tx codebook with PUSCH 3-1 feedback mode. For enhancements, we consider codebook granularity enhancements and subband granularity enhancement with PUSCH 3-2. 

Dual codebook is used as a starting point, which is studied during Release-10 and may reuse most of the existing framework for 8Tx dual codebook support specified in Release-10. Details of our proposed design are available in [4]. Further, dual codebook is designed to support same overhead for each subband as that of Release-8 feedback. To derive upper bound based on codebook enhancements which may be supported by relaxing overhead constraints, we investigate SVD feedback based on the reported rank. With SVD feedback, only PMIs are replaced by un-quantized precoder derived from SVD of covariance matrix. Otherwise, similar impairments are used.
To study the impact of interference cancellation capabilities at the UE on the gains with the CSI enhancements, we also simulate 4x4 configurations (which is not a prioritized Rx configuration). The results are provided in the following section and additional simulation assumptions are provided in the appendix.
3. Simulations Results

3.1. Scenario A
	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	3.12
	0.266
	0.067

	Two-Component Codebook

PUSCH 3-2
	3.23
(+3.5%)
	0.277
(+4.1%)
	0.072
(+7.5%)

	SVD Feedback with

PUSCH 3-2
	3.39 
(+8.5%)


	0.299 
(+12.3%)


	0.081 
(+19.8%)


Table 1 - 4x2 ULA, 0.5 λ, Scenario A

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	2.32
	0.186
	0.047

	Two-Component Codebook

PUSCH 3-2
	2.38
(+2.6%)
	0.191
(+2.7%)
	0.051
(+8.5%)

	SVD Feedback with

PUSCH 3-2
	2.59

(+11.6%)
	0.211

(+13.4%)
	0.064

(+36.2%)


Table 2 - 4x2 Cross-pol, 0.5 λ, Scenario A

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	2.98
	0.247
	0.086

	SVD Feedback with

PUSCH 3-2
	3.20

(+7.4%)
	0.271
(+9.7%)
	0.106
(+23.3%)


Table 3 - 4x4 Cross-pol, 0.5 λ, Scenario A

Scenario A achieves largest gains with CSI enhancements. This is mainly due to higher multi-user diversity due to a larger number of UEs (10/Macro). Further due to lower geometries, cell-edge gains are substantial (20-36%) Median (50%’ile) throughput shows gains of 10-15%. Dual codebook feedback obtains moderate cell-average gains, and cell-edge gain of 8.5% with closely spaced cross-pol configurations.

3.2. Scenario C1

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	3.45
	0.610
	0.157

	SVD Feedback with

PUSCH 3-2
	3.58 
(+3.8%)
	0.632 
(+3.6%)
	0.176 
(+12%)


Table 4 - 4x2 ULA, 0.5 λ, Scenario C1

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	2.68
	0.448
	0.120

	SVD Feedback with

PUSCH 3-2
	2.82 (+5.2%)
	0.474 (+5.8%)
	0.14 (+16.7%)


Table 5 - 4x2 Cross-pol, 0.5 λ, Scenario C1

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	3.22
	0.578
	0.186

	SVD Feedback with

PUSCH 3-2
	3.32 (+3.1%)
	0.603 (+4.4%)
	0.204 (+9.4%)


Table 6 - 4x4 Cross-pol, 0.5 λ, Scenario C1

For scenario C1, using finer subband granularity with PUSCH 3-2 allows cross-pol deployments to achieve higher gains than the ULA deployments. Performance gains are again mainly seen in cell-edge performance
With 4Rx at the UE, better interference cancellation at the UE reduces the gain of enhancements to feedback, if MU is limited to 1 layer per UE. To support such advanced devices capabilities further, higher rank MU (upto rank 2 per UE) needs to be further investigated. Preliminary results in the past showed promising gains from higher rank MU [7].
3.3. Scenario C2
	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	3.54
	0.640
	0.170

	SVD Feedback with

PUSCH 3-2
	3.67
(+3.6%)
	0.668
(+4.2%)
	0.187
(+9.7%)


Table 7 - 4x2 Cross-pol, 0.5 λ, Scenario C2

	Codebook/Feedback
	Cell Average Spectral Efficiency (bps/Hz)
	Cell Median Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	Release-10 4Tx Codebook 

PUSCH 3-1
	3.97
	0.705

	0.257

	SVD Feedback with

PUSCH 3-2
	4.04 (+1.8%)
	0.733 (+4.0%)
	0.307 (+19.5%)


Table 8 - 4x4 Cross-pol, 0.5 λ, Scenario C2

Scenario C2 shows slightly lower performance gains compared to scenario C1 overall, but cell-edge gains for 4x4 configuration are improved.
4. Conclusions
We have investigated CSI granularity enhancements, particularly codebook enhancements and PUSCH 3-2 in this contribution compared to Release-10 baseline with SU/MU dynamic switching. It also seems like higher load in picos may increase MU gains, though further investigations are needed with larger number of UEs to validate this observation. 
Specific observations for different scenarios are summarized below:

i) Scenario A achieves largest gains with CSI enhancements. This is mainly due to higher multi-user diversity high load scenario (10 UE /Macro). Cell-edge gains are substantial (20-36%).  Median (50%’ile) throughput shows gains of 10-15%.
i) With scenario C, using finer subband granularity with PUSCH 3-2 allows cross-pol deployments to achieve higher gains than the ULA deployment. Performance gains are again mainly seen in cell –edge performance. Scenario C1 obtains higher gains than Scenario C2.
ii) With 4Rx at the UE, better interference cancellation at the UE reduces the gain of enhancements to feedback, if MU is limited to 1 layer per UE. To support such advanced devices capabilities further, higher rank MU (up to rank 2 per UE) needs to be investigated further.
Further, based on the results targeting codebook and subband granularity enhancements, we also conclude that the cumulative benefit of the CSI enhancements may be focused on further study.
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	6. APPENDIX 

Performance metrics
	Cell average throughput

5%ile and 50%ile of the user throughput CDF.

For scenarios C1 and C2, performance metrics are only collected from the UEs associated with the small cells


	Deployment scenarios
	FDD, 10MHz 
A. Homogeneous macro network (2Tx, 4Tx)

C. Outdoor low-power Tx points 

C1: with macro cell on the same carrier frequency

- no coordination between the low-power Tx points, nor with the macro

C2: with macro cell on an adjacent carrier frequency

- no coordination between the Tx points

- the macro cell has to be taken into account in the cell selection mechanisms 



	Antenna configurations
	For macro eNB, in priority order for each number of antennas:

· 4 Tx antennas

1. 2 columns, cross-polarized on each column, closely-spaced: XX
2. 2 columns, co-polarized on each column, closely-spaced: | | | |

For low power node
1. 4 Tx antennas: 

2. 0.5 λ-spaced cross-polarized: XX

3. 0.5 λ-spaced vertically-polarized: | | | |

For UE: 

· 2Rx vertically-polarized || : |||| 4Tx vertically-polarized 
· 2Rx cross-polarized + : XX 4Tx vertically-polarized
· 4Rx cross-polarized + + : XX 4Tx cross-polarized


	Feedback schemes
	Baseline: 
Release-10 codebook. 

Enhancements: 
i) Release-10 4Tx Codebook

ii) Dual Codebook [R1-104980] with 3 bits for W1 and 4 bits for W2

iii) SVD based on Covariance Matrix  

Feedback Modes: 
PUSCH 3-1 and PUSCH 3-2

	Channel model
	For scenario A: 
Homogeneous Macro Only, 100% of the UEs are dropped outdoors

For scenario C:

Baseline channel of scenario 3/4, with all UEs dropped outdoors



	Traffic models
	Full buffer 

	Link Adaptation
	SU-CQI based on rank adaptation;

MU-CQI prediction at the eNB based on SU-CQI;
Outer Loop Link Adaptation for MCS and Mode Switching

	MIMO Mode
	SU-MIMO Rank 1 & 2
MU rank 1 to each UE; Maximum of 2 UEs

	UE Receiver
	MRC/MMSE for SU Rank1/2; MMSE-IC for MU;

	Scheduler 
	Proportional fair and frequency selective scheduling; 

Scheduling granularity of one subframe (dynamic on a subframe basis);
Search of all UE pairs based on sum proportional fair rate for MU; 

	Feedback Impairments (CQI, PMI) 
	Reporting period: 10 ms for W or both W1 and W2 and Rank; (assuming 10ms CSI-RS configuration); Minimum Delay: 5 ms
PMI Selection for dual codebook based on hierarchical search for W1 and then W2; 


5
6

