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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 the first priority, while scenario B would be 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
In the former contribution [2], enhanced 4Tx codebook was proposed and evaluated in all prioritized scenarios (scenarios A, B and C) through system level simulation. In this contribution, the performances of the proposed 4Tx codebook combining with PUSCH mode 3-2 which is one of the enhanced feedback mode, are evaluated by system level simulation in scenarios A and C. Simulation results show that combining with enhancement PUSCH feedback mode 3-2, the proposed enhanced codebook can provide significant performance gain in scenarios A and C under all prevalent antenna configurations.
2. Feedback schemes in the evaluation
2.1. Dual-codebook structure based 4Tx codebook
The overall precoder of rank r for a subband can be constituted as
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· 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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2.2. PUSCH reporting mode 3-2
For PUSCH reporting mode 3-2, RI, wideband per-codeword CQI, N sub-band PMI and N sub-band per-codeword CQI are reported, where N is the number of sub-band, each sub-band CQI is calculated based on the reported RI and corresponding sub-band PMI, and wideband CQI is calculated assuming the use of all sub-band PMI. Therefore, PMI overhead of 4N bits is needed with Rel-10 4Tx codebook for either rank 1 or 2, while 6N-bit overhead is required for PMI feedback with the proposed 4Tx codebook either rank 1 or 2.
3. Performance evaluation
In this section, the MU-MIMO performance of the enhanced codebook and the Rel-10 4Tx codebook is compared under scenarios A, C1, and C2 based on different feedback mode enhancement through system level simulation. No coordination for eICIC or CoMP among different transmission points (or cells) is considered. The simulation assumptions agreed in [3] are adopted and the detailed simulation parameters are given in the Annex. The performance of Rel-10 4Tx codebook with PUSCH reporting mode 3-1 and 1-2 are taken as baseline.
Table 1 and Table 2 show the cell edge and average simulation results of enhanced codebook with PUSCH reporting mode 3-2 and Rel-10 4Tx codebook with PUSCH 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 27% average and cell edge gain are obtained. And in other scenarios (scenarios C1, and C2), the enhanced codebook can provide about 20% performance gain over baseline. While under co-polarized antenna configuration, the performance benefit from the enhanced codebook is even larger, 26% and 28% edge gain, 17% and 22% average gain can be observed for scenarios C1 and C2, respectively.
Table 3 and Table 4 give the performance comparison of enhanced codebook with PUSCH reporting mode 3-2 and Rel-10 4Tx codebook with PUSCH mode 3-1 under the cross-polarized and co-polarized antenna configurations for RRH, respectively. Form the simulation results, we can find that with subband PMI and CQI feedback, the enhanced codebook can provide 11-20% performance gains both in cell edge and average throughput comparing with Rel-10 4Tx codebook with PUSCH reporting mode 3-1 feedback, especially for scenario A, there are 21% cell edge gain and 17% cell average gain.
To sum up, we can observe that
1. The proposed enhanced codebook can provide significant performance gain in scenarios A and C under all prevalent antenna configurations.

2. Under cross-polarized antenna configuration, the enhanced codebook has larger performance gain in scenario A than scenarios C1 and C2.
3. The performance gain of the enhanced codebook is comparative both for cross-polarized antenna configuration and co-polarized antenna, basically.
Table 1 Simulation results of PUSCH reporting mode 1-2 with Rel-10 4Tx codebook and mode 3-2 with enhanced 4Tx codebook for cross-polarized antenna configuration
	Scenarios
	Codebooks
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

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

	A
	Rel-10
	0.0632
	0%
	0.1632
	0%
	1.8854
	0%

	
	Enhanced
	0.0807
	27.7%
	0.2249
	37.8%
	2.4070
	27.7%

	C1
	Rel-10
	0.1007
	0%
	0.3157
	0%
	1.9075
	0%

	
	Enhanced
	0.1235
	22.6%
	0.3690
	16.9%
	2.2444
	17.7%

	C2
	Rel-10
	0.1300
	0%
	0.3914
	0%
	2.4029
	0%

	
	Enhanced
	0.1557
	19.8%
	0.4778
	22.1%
	2.9047
	20.9%


Table 2 Simulation results of PUSCH reporting mode 1-2 with Rel-10 4Tx codebook and mode 3-2 with enhanced 4Tx codebook for co-polarized antenna configuration
	Scenarios
	Codebooks
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

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

	C1
	Rel-10
	0.1375
	0%
	0.3893
	0%
	2.2356
	0%

	
	Enhanced
	0.1738
	26.4%
	0.4825
	23.9%
	2.7276
	22%

	C2
	Rel-10
	0.1652
	0%
	0.4564
	0%
	2.6293
	0%

	
	Enhanced
	0.2116
	28.1%
	0.5822
	27.6%
	3.3302
	16.7%


Table 3 Simulation results of PUSCH reporting mode 3-1 with Rel-10 4Tx codebook and mode 3-2 with enhanced 4Tx codebook for cross-polarized antenna configuration
	Scenarios
	Codebooks
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

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

	A
	Rel-10
	0.0669
	0%
	0.1821
	0%
	2.0492
	0%

	
	Enhanced
	0.0807
	20.6%
	0.2249
	23.5%
	2.4070
	17.5%

	C1
	Rel-10
	0.1067
	0%
	0.3295
	0%
	2.0081
	0%

	
	Enhanced
	0.1235
	15.7%
	0.3690
	12%
	2.2444
	11.8%

	C2
	Rel-10
	0.1375
	0%
	0.4158
	0%
	2.5953
	

	
	Enhanced
	0.1557
	13.2%
	0.4778
	14.9%
	2.9047
	11.9%


Table 4 Simulation results of PUSCH reporting mode 3-1 with Rel-10 4Tx codebook and mode 3-2 with enhanced 4Tx codebook for co-polarized antenna configuration
	Scenarios
	Codebooks
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

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

	C1
	Rel-10
	0.1521
	0%
	0.4279
	0%
	2.4582
	0%

	
	Enhanced
	0.1738
	14.3%
	0.4825
	12.8%
	2.7276
	11%

	C2
	Rel-10
	0.1903
	0%
	0.5162
	0%
	2.9964
	0%

	
	Enhanced
	0.2116
	11.2%
	0.5822
	12.8%
	3.3302
	11.1%


4. Conclusions

In this contribution, 4Tx enhanced codebook is proposed and evaluated in scenarios A and C through system level simulation. From the simulation results, we can observe that significant performance gain can be achieved in all scenarios with cross-polarized and co-polarized antenna configurations by the enhanced codebook combining with PUSCH feedback mode 3-2. Other feedback mode enhancements, such as multi-rank reporting and soft rank reporting can also be further investigated if they can provide sufficient performance gains.  
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6. Annex: Simulation assumptions

	Parameter
	Assumption

	Scenario
	Scenario A, 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 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 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 and mode 3-1/PUSCH reporting mode 3-2
Rel-10 codebook/the enhanced codebook

	Feedback delay
	5 ms

	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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