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1. Introduction

In RAN1#86 meeting, discussions on port layouts for Rel-14 eFD-MIMO are captured in Chairman’s note as follows. 
· Simplify 1D configuration

· Drop the (1,N2) rows (with red text)

· Single design can be used for (N1,1) and (1,N2).

· Reduce UE computational complexity

· Remove (8,8) combinations  for 20, 24, 28, 32 ports (with green text)

· Reduces number of beams by 2

· Limited performance gain from (8,8) vs. (8,4) 
Table 1. Possible antenna port layout and oversampling factors for {20, 24, 28, 32} CSI-RS ports
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In this contribution, we further discuss the combination of port layout and oversampling factor (N1, N2, O1, and/or O2). Then, we provide enhanced codebook design for eFD-MIMO and provide evaluation results. 
2. Discussion on antenna port layout and oversampling factor
In this section, we discuss the 1D and/or 2D antenna port layout of the newly defined CSI-RS ports. Table 1 lists the possible down selection of antenna layouts for each {20, 24, 28, 32} CSI-RS ports where (N1, N2) and (O1, O2) indicate the number of antenna ports and the values of oversampling factor, respectively. Also, subscript 1 and 2 represent 1st domain and 2nd domain, respectively. As shown in Table 1, there are still 15 antenna port layouts without red text. Plus, we have about two oversampling factors for each port layouts. This may lead severe simulation burden to verify the performance enhancement of codebook for Rel-14, and a large amount of specification effort in TS36.213. In addition, we observe even performance loss for both Config 1 and 4 as shown in Table 1 and 2, respectively. At medium load, oversampling factor of 8 provides up to 1.56% and 2.33% loss of mean UE throughput and 5% UE throughput, respectively. This is because Config 4 with O1=8 has more closely spaced W1 beam group compared to Config 4 with O1=4. For these reasons, we prefer further down selection on the combination of antenna port layouts and oversampling factors from Table 1.  
Observation 1: Performance loss due to increased oversampling factor is observed in 1D antenna port layout with both codebook Config 1 and 4. 
Proposal 1: Further down selection on the combination of antenna port layouts and oversampling factors from Table 1 is preferred. 

Table 2: Performance comparison with various oversampling factors in 3D-UMi scenario with Config 1 and (N1, N2) = (16,1) 
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	(O1,O2)=(4,-)
	2.717 
	
	0.667 
	
	2.649 
	0.4
	3

	(O1,O2)=(8,-)
	2.705 
	-0.42%
	0.685 
	2.73%
	2.632 
	0.4
	

	(O1,O2)=(4,-)
	2.197 
	
	0.414 
	
	1.942 
	0.58
	4

	(O1,O2)=(8,-)
	2.195 
	-0.11%
	0.412 
	-0.31%
	1.951 
	0.58
	


Table 3: Performance comparison with various oversampling factors in 3D-UMi scenario with Config 4 and (N1, N2) = (16,1) 
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	(O1,O2)=(4,-)
	2.842
	
	0.734
	
	2.817
	0.38
	3

	(O1,O2)=(8,-)
	2.798
	-1.56%
	0.717
	-2.33%
	2.759
	0.38
	

	(O1,O2)=(4,-)
	2.321
	
	0.435
	
	2.105
	0.56
	4

	(O1,O2)=(8,-)
	2.268
	-2.28%
	0.437
	0.48%
	2.041
	0.56
	


3. Discussion on codebook enhancement for eFD-MIMO

In terms of MU-MIMO performance enhancement, narrow beams are more beneficial compared to wide beams, and the narrow beams can be supported with an aid of larger antenna array and high resolution feedback. For high resolution feedback, several feedback mechanisms based on implicit and/or explicit feedback can be considered. 
One example of an implicit feedback is based on existing dual codebook structures with larger oversampling factors, extending W1 beam group and increased W2 feedback bits. In other words, with 2D high resolution beam group obtained by increasing oversampling factor and the size of W1 beam group, increased W2 feedback bits can provide high resolution short-term feedback consisting of beam selection and co-phasing. An example of extended W1 beam group comprising 16 beams is illustrated in Figure 1. Equation (1) and (2) represent the high resolution codebook designs for rank 1 and 2, respectively, where m1 and m2 corresponds to the 2D beam indices. Unlike the Rel-13 Class A codebook Config 2-4, Rank 2 codebook in (2) considers the same beam selection for the two layers.  As a result, 6 and 5 W2 feedback bits are required for rank 1 and 2, respectively. 
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Figure1. Codebook design of 16 beams in W1 
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As will be shown in the Section 4, codebook design in Figure 1 provides notable performance gain at the expense of W2 payload size. Considering the payload size of PUCCH format 2, maintaining 4 beams in W1 may be another option. In this context, we also propose codebook refinements of Rel-13 codebook as in Figure 2.  With these designs, W1 can exploits relatively larger beam coverage in 1st domain compared to Rel-13 codebook Config 2 and 3, and this may lead performance gain. 
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Figure 2. Codebook designs of 4 beams in W1
4. Evaluation Results
In Table 4 and 5, we compare the performance comparison with various codebook designs for 3D-UMi and 3D-Uma, respectively. In the simulation, we assume (N1,N2,O1,O2) = (4,4,4,4). In tables, Codebook 1 is codebook design in Figure 1, Codebook 2 and 3, and Codebook in [1] is illustrated in Figure 2. As shown in the Table 4, Codebook 1 provides 6.00% and 8.46% performance gain for mean and 5% UE, respectively, over Config 2 at low load. Also, similar observation for 3D-UMa scenario can be obtained from Table 5. With the same payload size, Codebook 2 outperforms Config 2 for both 3D-UMi and 3D-UMa scenarios. This means that proper adjustments of beam spacing in Rel-13 codebook configurations can provide performance gain. If the payload size of W2 in Class A codebook is maintained as 4-bit in Rel-14, proposed Codebook 2 can be considered as Codebook Config 2. 
Table 4: Performance comparison with various codebooks in 3D-UMi with (N1, N2, O1,O2) = (4,4,4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 2
	2.9049
	　
	0.8214
	　
	2.7778
	0.27
	2

	Config 3
	2.9976
	3.19%
	0.8316
	1.24%
	2.9412
	0.27
	

	Codebook 1
	3.0793
	6.00%
	0.8909
	8.46%
	3.0769
	0.26
	

	Codebook 2
	2.9939
	3.06%
	0.8475
	3.18%
	2.9072
	0.27
	

	Codebook 3
	2.9832
	2.70%
	0.8565
	4.27%
	2.9197
	0.27
	

	Codebook in [1]
	2.996
	3.14%
	0.8333
	1.45%
	2.9197
	0.27
	


Table 5: Performance comparison with various codebooks in 3D-UMa with (N1, N2, O1,O2) = (4,4,4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 2
	2.2502
	
	0.5333
	
	1.9048
	0.27
	2

	Config 3
	2.3394
	3.96%
	0.5556
	4.18%
	2
	0.27
	

	Codebook 1
	2.3875
	6.10%
	0.5731
	7.46%
	2.0833
	0.26
	

	Codebook 2
	2.3181
	3.02%
	0.5391
	1.09%
	1.9608
	0.27
	

	Codebook 3
	2.3058
	2.47%
	0.5326
	-0.13%
	1.9704
	0.27
	

	Codebook in [1]
	2.3428
	4.12%
	0.5658
	6.09%
	2
	0.34
	


Observation 2: Proper adjustments of beam spacing in Rel-13 codebook configurations can provide performance gain. 
Proposal 2: Consider Codebook 1 with extended W1 beam group for codebook enhancement in Rel-14. 

Proposal 3: If the payload size of W2 is maintained as 4 bits in Rel-14, adopt Codebook 2 as Codebook Config 2. 
5. Conclusion
In this contribution, we discussed issues on the codebook designs to support eFD-MIMO. The observations and proposals based on the discussion are given below:
Observation 1: Performance loss due to increased oversampling factor is observed in 1D antenna port layout with both codebook Config 1 and 2. 
Observation 2: Proper adjustments of beam spacing in Rel-13 codebook configurations can provide performance gain. 
Proposal 1: Further down selection on the combination of antenna port layouts and oversampling factors from Table 1 is preferred. 

Proposal 2: Consider Codebook 1 with extended W1 beam group for codebook enhancement in Rel-14. 

Proposal 3: If the payload size of W2 is maintained as 4-bit in Rel-14, adopt proposed Codebook 2 as Codebook Config 2. 
______________________________________________________________________
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Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz, 3D-UMa with ISD = 500m in 2GHz

	BS antenna configurations 
	Antenna elements config: (1,16,2,32), (4,4,2,32), X-pol (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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