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1. Introduction

In RAN1#66 meeting, it was agreed that the Scenarios A, B and C would be studied with high priority, and Scenarios A and C would be of the first priority, while Scenario B would be of the second priority [1].
A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx)
· Closely or widely spaced
B. Outdoor and/or indoor low-power RRHs, with coordination with the macro
· High power RRH + low power RRHs 
C. Outdoor small cell(s) with localized antennas
· Cross polarized/Co-polarized (mainly 4Tx)
· Uncorrelated (less correlated)
· Low mobility
On E-mail discussion after RAN1#66, it was identified that Scenarios A and C are studied with a higher priority compared to Scenario B for the CSI feedback enhancement of DL MIMO SI, with the following motivations [2]:
· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI
And the feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission.
We propose that a unified 4Tx codebook should be designed for both Scenarios A and C considering all prioritized antenna configurations in the companion contribution [3]. In this contribution, new 4Tx codebook is proposed and evaluated in all prioritized scenarios (Scenarios A, B and C) through system level simulation. Since similar dual-codebook structure to the 8Tx codebook is used, the impact on specifications and equipments can be minimized. Simulation results show that significant performance gain can be achieved in all prioritized scenarios with all prioritized different antenna configurations.
2. Dual-codebook structure based 4Tx codebook
In Rel-10 stage, the dual-codebook structure 
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 had been proved to be efficient for both closely spaced cross-polarized antenna array and ULA configurations [4]. Though the 8Tx codebook in Rel-10 is given by precoding matrix table with two codebook indices, and the dual-codebook structure 
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 is not described explicitly in the specification, both the dual-codebook structure with beam-selection [5] and the EGOB scheme [6] can derive the standardized 8Tx codebook.
In this section, we propose a new 4Tx codebook with similar dual-codebook structure to the 8Tx codebook. The overall precoder of rank r for a subband can be constituted as
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where

· The overall precoder W is an 
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 DFT vector corresponding to AoD of the dominant path
· The codebook of v is composed of 16-DFT vectors:
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 matrix, which contains the refined information of channel properties, such as the channel properties between two ULA groups, and the difference between the overall precoder with W1 for high correlated channels
· The codebook of M of rank 1 is
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· The codebook of M of rank 2 is 
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3. Performance evaluation
In this section, the MU-MIMO performance of the enhanced codebook and the Rel-10 4Tx codebook is compared under all prioritized scenarios (Scenario A, C1, C2 and B) through system level simulation. No coordination like eICIC or CoMP among different transmission points (or cells) is considered. The simulation assumptions agreed in [2] are adopted and the detailed simulation parameters are given in the Annex.
Table 1 and Table 2 show the simulation results with wideband CQI and subband PMI feedback (PUSCH reporting mode 1-2) under the cross-polarized and co-polarized antenna configurations for RRH, respectively. Under cross-polarized antenna configuration, the enhanced codebook has the largest performance gain in Scenario A where more than 10% average and cell edge gain is obtained. And in other scenarios (Scenarios B, C1, and C2), the enhanced codebook can provide about 8% performance gain over baseline. While under co-polarized antenna configuration, the performance benefit from the enhanced codebook is even larger, 10% average gain can be observed in Scenarios B, C1, and C2.
In the simulation of Table 3 and Table 4, subband CQI/PMI feedback (PUSCH reporting mode 3-2) is considered. The corresponding simulation results under the cross-polarized and co-polarized antenna configurations for RRH are given in these two tables, respectively. Similar phenomena to Table 1 and Table 2 can be observed. With PUSCH reporting mode 3-2, 6%~12% and 8%~9% average gain can be provided by the enhanced codebook under cross-polarized and co-polarized antenna configurations, respectively.
To sum up, we can observe that
1. The proposed enhanced codebook can provide significant performance gain in all scenarios with high priority under all prevalent antenna configurations.

2. Under cross-polarized antenna configuration, the enhanced codebook has the largest performance gain in Scenario A among these scenarios.
3. The performance gain of the enhanced codebook is higher under co-polarized antenna configuration than that of co-polarized antenna.
Table 1 Simulation results for cross-polarized antenna configuration with PUSCH reporting mode 1-2
	Scenarios
	Codebooks
	Average Spectrum Efficiency 
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency

	
	
	bps/Hz
	gain
	bps/Hz/user
	gain
	bps/Hz/user
	gain

	A
	Rel-10
	1.773
	0%
	0.0584
	0%
	0.1480
	0%

	
	Enhanced
	1.977
	11.53%
	0.0648
	10.95%
	0.1659
	12.13%

	B
	Rel-10
	3.056
	0%
	0.0693
	0%
	0.2371
	0%

	
	Enhanced
	3.333
	9.05%
	0.0743
	7.14%
	0.2674
	12.79%

	C1
	Rel-10
	3.654
	0%
	0.1038
	0%
	0.3110
	0%

	
	Enhanced
	3.956
	8.24%
	0.1141
	9.94%
	0.3291
	5.84%

	C2
	Rel-10
	4.688
	0%
	0.1308
	0%
	0.4005
	0%

	
	Enhanced
	5.047
	7.66%
	0.1430
	9.31%
	0.4333
	8.19%


Table 2 Simulation results for co-polarized configuration with PUSCH reporting mode 1-2
	Scenarios
	Codebooks
	Average Spectrum Efficiency 
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency

	
	
	bps/Hz
	gain
	bps/Hz/user
	bps/Hz
	gain
	bps/Hz/user

	B
	Rel-10
	3.430
	0%
	0.0689
	0%
	0.2903
	0%

	
	Enhanced
	3.803
	10.89%
	0.0751
	8.98%
	0.3209
	10.52%

	C1
	Rel-10
	4.230
	0%
	0.1380
	0%
	0.3801
	0%

	
	Enhanced
	4.672
	10.44%
	0.1581
	14.50%
	0.4168
	9.66%

	C2
	Rel-10
	5.078
	0%
	0.1651
	0%
	0.4529
	0%

	
	Enhanced
	5.629
	10.85%
	0.1921
	16.37%
	0.5051
	11.53%


Table 3  Simulation results for cross-polarized antenna configuration with PUSCH reporting mode 3-2
	Scenarios
	Codebooks
	Average Spectrum Efficiency 
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency

	
	
	bps/Hz
	gain
	bps/Hz/user
	bps/Hz
	gain
	bps/Hz/user

	A
	Rel-10
	2.109
	0%
	0.0741
	0%
	0.1834
	0%

	
	Enhanced
	2.359
	11.84%
	0.0801
	8.08%
	0.2101
	14.51%

	B
	Rel-10
	3.363
	0%
	0.0823
	0%
	0.2689
	0%

	
	Enhanced
	3.607
	7.24%
	0.0881
	7.02%
	0.2959
	10.05%

	C1
	Rel-10
	3.989
	0%
	0.1213
	0%
	0.3401
	0%

	
	Enhanced
	4.245
	6.41%
	0.1300
	7.14%
	0.3590
	5.58%

	C2
	Rel-10
	5.219
	0%
	0.1570
	0%
	0.4480
	0%

	
	Enhanced
	5.563
	6.60%
	0.1659
	5.65%
	0.4746
	6.40%


Table 4 Simulation results for co-polarized configuration with PUSCH reporting mode 3-2
	Scenarios
	Codebooks
	Average Spectrum Efficiency 
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency

	
	
	bps/Hz
	gain
	bps/Hz/user
	bps/Hz
	gain
	bps/Hz/user

	B
	Rel-10
	3.813
	0%
	0.0815
	0%
	0.3279
	0%

	
	Enhanced
	4.162
	9.15%
	0.0900
	10.38%
	0.3564
	8.68%

	C1
	Rel-10
	4.674
	0%
	0.1676
	0%
	0.4174
	0%

	
	Enhanced
	5.078
	8.85%
	0.1803
	7.64%
	0.4558
	5.58%

	C2
	Rel-10
	5.763
	0%
	0.1969
	0%
	0.5175
	0%

	
	Enhanced
	6.304
	9.38%
	0.2222
	12.89%
	0.5679
	9.73%


4. Conclusions

In this contribution, 4Tx enhanced codebook is proposed and evaluated in Scenarios A, B, C1 and C2 through system level simulation. From the simulation results, we can observe that significant performance gain can be achieved in all scenarios with all prevalent antenna configurations by the enhanced codebook.
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6. Annex: Simulation assumptions

	Parameter
	Assumption

	Scenario
	Scenario A, B, C1, C2

	Deployment model
	· Homogeneous macro network (Scenario A), reusing the macro part of the baseline simulation case for scenario 4 in TR36.819;
· Heterogeneous deployment with low Tx power RRHs (Scenarios B, C1, and C2), reusing the assumptions from scenario 3/4 in the CoMP SI with configuration #4b (N=4) of TR36.814, excepting that macro cell is on an adjacent carrier frequency for Scenario C2

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	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
	4

	Channel model
	· Macro to UE: ITU UMA channel with 100% outdoor UEs

· RRH to UE: ITU UMI channel with 100% outdoor UEs

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(4, 4)

	Number of UE antennas
	2

	Number of UE per macro area
	· Scenario A: 10 UEs with uniform distribution
· Scenario B/C1/C2: 30 UEs with Configuration #4b

	Antenna configuration
	TX:

· Macro: 0.5 λ-spaced cross-polarized ±45°
· RRH: 
· 0.5 λ-spaced cross-polarized ±45°
· 0.5 λ-spaced vertically-polarized ULA
RX: cross-polarized ±45°

	Receiver 
	IRC

	Feedback type
	PUSCH reporting mode 1-2, PUSCH reporting mode 3-2
Rel-10 codebook/the enhanced codebook


	Feedback delay
	5 ms

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2 UEs,with1 layer per UE

	TDM eICIC and CoMP configuration
	No

	Antenna calibration error
	(0.5dB, 5 Degree) for Tx point with the calibration error model in R1-111437

	Handover margin
	1 dB
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