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1. Introduction
It was agreed to reuse the Rel.10 8Tx grid-of-beam (GoB) framework for 4Tx codebook enhancement in Rel.12. Two rounds of call-for-proposal were conducted over the RAN1 email reflector, where in each round approximately 20 proposals were received.  One category of proposals reuse the 8Tx design where each W1 comprises four adjacent DFT beams, whereas in the second category of proposals each W1 comprises four widely-spaced DFT beams, primarily for the consideration of performance robustness in widely spaced XPOL, large angular spread, and imperfect timing alignment scenarios. 

 After extensive discussion in RAN1#73, the following agreement was reached:

· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains

It was further agreed to evaluate to candidate codebooks, 2a and 2b, until 7th June to down-select one to be adopted in Rel.12. In this contribution we provide evaluation of these two candidate codebooks (cf. [1]):
Codebook 2a
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Codebook 2b
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2. System-Level evaluation
2.1. Full-buffer traffic

System evaluation with full-buffer traffic is provided in this section. 
· Table 1 summarizes the performance with closely-spaced XPOL antenna configurations, while Table 2 tabularizes the performance with widely-spaced XPOL antenna.  
· The per-antenna timing misalignment error (TAE) is modeled as an independently distributed Gaussian random variable (cf. [3]) to assess the performance robustness. 
· Dynamic SU/MU-MIMO switching is assumed. For SU-MIMO, full-rank adaptation up to 2 layers is applied. For MU-MIIMO, up to two users are multiplexed with 1-layer each. For a UE reporting rank-1, the rank-1 CQI/PMI is used for MU-MIMO pairing and link adaptation. For a UE reporting rank-2, PMI/CQI corresponding to the 1st layer is used in MU-MIMO scheduling. 
It is worth noting that having 10 fully-loaded users per cell is highly MU-MIMO friendly and represents the best case scenario for codebook enhancements. 

Conclusions:
· Codebook enhancement gain is in the range of 0 – 2% for cell-average throughput, and 0 – 3% for cell-edge throughput.

· Codebook 2a is slightly better than codebook 2b. 

Table 1: Full-buffer traffic, XPD 0.5L

	Codebook
	cell-average SE
	cell-average gain
	cell-edge SE
	cell-edge gain

	Rel.8
	1.788
	0.0%
	0.0491
	0.0%

	2a
	1.815
	1.5%
	0.0506
	3.1%

	2b
	1.800
	0.7%
	0.0492
	0.2%


Table 2: Full-buffer traffic, XPD 4L

	Codebook
	cell-average SE
	cell-average gain
	cell-edge SE
	cell-edge gain

	Rel.8
	1.743
	0.0%
	0.0484
	0.0%

	2a
	1.764
	1.2%
	0.0498
	2.9%

	2b
	1.752
	0.4%
	0.0482
	-0.5%


2.2. FTP traffic
Further evaluation is performed under FTP traffic mode 1 with 2.5 user/sec arrival rate and 0.5Mbyte packet size, for closely-spaced XPOL in Tables 3 and widely spaced XPOL in Tables 4.  Other than the traffic model, the same evaluation assumptions as for full-buffer traffic are used. 
Conclusions: 
· Codebook enhancement gain is in the range of 0 – 0.5% for cell-average throughput, and 0 – 2% for cell-edge throughput.

· Codebook 2a is slightly better than codebook 2b. 

Table 3: FTP user perceived throughput, 4x2, XPD 0.5L

	Codebook
	Average UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain

	Rel.8
	1.866
	0.0%
	1.610
	0.0%
	0.375
	0.0%

	2a
	1.862
	-0.2%
	1.606
	-0.2%
	0.380
	1.3%

	2b
	1.869
	0.2%
	1.610
	0.0%
	0.378
	0.8%


Table 4: FTP user perceived throughput, 4x2, XPD 4L

	Codebook
	Average UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain

	Rel.8
	1.855
	0.0%
	1.592
	0.0%
	0.370
	0.0%

	2a
	1.846
	-0.5%
	1.583
	-0.5%
	0.372
	0.4%

	2b
	1.846
	-0.5%
	1.583
	-0.5%
	0.371
	0.2%


3. Conclusion

In this contribution we provide our evaluation results for codebook candidates 2a and 2b for Rel.12 4Tx codebook enhancement. Based on the evaluation results our conclusions are below:
Observation: 

· 4Tx codebook enhancement provides system-level performance gain in the range of 0 – 2% for cell-average throughput, and 0 – 3% for cell-edge throughput.
· Codebook 2a is slightly better than codebook 2b. 

Considering that codebooks 2a/2b are adopted primarily for performance robustness, preserving the already low performance gain over Rel.8 codebook seems quite important. From that perspective codebook 2a is slightly more justified than 2b. Secondly, as W2 design of 2a is similar to that of 8Tx, sub-sampling of codebook 2a may reuse some of the existing 8Tx sub-sampling feature, which is beneficial in terms of reduced specification and implementation efforts. Therefore, at this moment we have a slight preference on codebook 2a. 
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Appendix: simulation assumption

Simulation assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal grid with wrap around, 19 sites, 3 sectors per site, 500m ISD

	System bandwidth
	10MHz

	Deployment scenario
	Scenario A:  homogenous macro-only

	Antenna configuration
	4 Tx x-pol (0o, 90o) at eNB
2 Rx x-pol (0o, 90o) at UE

	Antenna spacing
	0.5 or 4 lambda at eNB 
0.5 lambda at UE

	Number of UEs per cell
	10 UE dropped per macro area for full-buffer traffic

	Indoor / outdoor distribution
	20% outdoor, 80% indoor

	Channel model
	ITU urban macro with indoor/outdoor dropping

	Carrier frequency
	2.00 GHz

	MIMO adaptation
	dynamic SU/MU switching

	Transmission scheme
	MU-MIMO with maximum 2 UE, 1 layer per UE

	MU-MIMO scheme
	regularized zero-forcing beamforming

	Link adaptation  for MU
	Non-ideal

	Receiver
	MMSE IRC

	Feedback
	PUSCH mode 3-2, 6 PRB CQI subband, wideband W1, subband W2,

4-bit CQI quantization per TS 36.213

	Feedback periodicity
	5 ms

	Feedback delay 
	5 ms

	CSI-RS measurement error
	modeled

	Flash light effect
	modeled in all cells

	Traffic model
	full buffer or FTP mode 1

	HARQ
	max 5 retransmission, Chase combining

	Time misalignment error (TAE)
	see [3]
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