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1. Introduction

In RAN1#85 meeting, following conclusion is captured in Chairman’s note. 
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In this contribution, we discuss the codebook designs to support eFD-MIMO. Firstly, we discuss possible down-selection of combinations of codebook parameters (N1, N2, O1, and/or O2), and 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 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. An example of 20-port antenna layout is depicted in Figure 1. Here, we set 1st domain as vertical domain.
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Figure1. An example of possible 20-port antenna layout
Table 1. Possible antenna port layout and oversampling factors for {20, 24, 28, 32} CSI-RS ports
	# of CSI-RS ports
	Possible antenna port layout  (N1, N2)
	Possible oversampling factor  (O1, O2)

	20
	(2,5), (5,2), (1,10), (10,1)
	(4,4), (8,4), (8,8)

	24
	(2,6), (6,2), (4,3), (3,4), (1,12), (12,1)
	(4,4), (8,4), (8,8)

	28
	(2,7), (7,2), (1,14), (14,1)
	(4,4), (8,4), (8,8)

	32
	(2,8), (8,2), (4,4), (1,16), (16,1)
	(4,4), (8,4), (8,8)


As shown in Table 1, there are total 19 possible antenna port layouts. Thanks to the scalability of Class A codebook developed in Rel-13, the 2D antenna layouts marked with green color can be easily supported by applying Rel-13 codebook with proper parameters (N1, N2, O1, O2) where (O1, O2) represent the oversampling factor in vertical and horizontal domain, respectively. Of course, codebook for 1D port layout can be easily extended using Config 1 and Config 4 in Rel-13 codebook. However, due to the lack of dimensionality compared to 2D port layout, the 1D port layout can be too wide or tall in practice. Thus, we should carefully consider the practical antenna design as well.  
Proposal 1: Support 2D antenna port layouts in eFD-MIMO as a first priority. 
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 2. In legacy Class A codebook, W1 beam group consist of 1 beam or 4 beams according to the codebook Configs. On the other hand, in this high resolution Class A codebook, W1 beam group consists of 16 beams and all of them can be selected by W2. 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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Figure2. An example of larger W1 beam group consisted of 16 beams
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Observation 1: High resolution feedback can be achieved by codebook based feedback mechanism with larger oversampling factors, extended W1 beam group and increased W2 feedback bits. 
Generally, inter-cell interference mitigation can be achieved by the codebook subset restriction. In Rel-13, the codebook subset restriction can be configured by a bit map of overall 2D beams, then the certain vertical beams generating strong interference to other cell can be switched off. Another approach for mitigating the inter-cell interference is reducing the transmission power of precoders containing certain vertical beams generating strong interference to other cell. In this case, UE may need information of reduced power information of precoder to compensate the CQI calculation. 
Observation 2: To mitigate the inter-cell interference generating by certain vertical beams, power control of precoder can be considered. 
4. Evaluation Results
In this section, we provide performance results. For fair comparison between various antenna port layouts, parameters listed in Table 2 are considered. Here, the CSI-RS de-boosting factor 2 indicates that the CSI-RS transmission power becomes a half of full power transmission, and cell reuse factor of 3 is considered for all antenna port layouts. 
Table 2: Parameters for non-precoded CSI-RS based schemes

	
	(2, 4, 2, 16)
	(3, 4, 2, 24)
	(4, 4, 2, 32)

	 # of REs for NZP and ZP CSI-RSs
	16*3
	24*3
	32*3

	CSI-RS periodicity [ms]
	5
	5
	5

	average CSI-RS overhead (REs/RB/subframe)
	9.6
	14.4
	19.2

	CSI-RS de-boosting factor
	2
	3
	4


Table 3 exhibits the performance comparison with various antenna port layouts in 3D-UMi scenario with medium and high traffic loads. In the simulation, we assume (O1,O2)=(4,4) and Class A codebook Config 3. Detailed parameters and assumptions for the simulation are listed in Annex A. As shown in the Table 3, we can observe that mean UE performance degradation of 24 and 32 CSI-RS ports at medium load due to the increased CSI-RS overhead. On the other hands, the performance gain for 5% UE grows, as the number of antenna port increases. Especially, 12.97% edge UE performance gain at high load is observed in the case of 32 CSI-RS ports at high load. 
Table 3: Performance comparison with various antenna ports layout in 3D-UMi scenario

	
	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)

	(2,4,2,16)
	2.252 
	　
	0.451 
	　
	1.861 
	0.49
	3

	(3,4,2,24)
	2.207 
	-1.98%
	0.454 
	0.67%
	1.878 
	0.49
	

	(4,4,2,32)
	2.187 
	-2.89%
	0.454 
	0.78%
	1.878 
	0.49
	

	(2,4,2,16)
	1.604 
	　
	0.201 
	　
	1.120 
	0.73
	4

	(3,4,2,24)
	1.612 
	0.49%
	0.221 
	9.84%
	1.173 
	0.71
	

	(4,4,2,32)
	1.611 
	0.42%
	0.227 
	12.97%
	1.198 
	0.71
	


Observation 3: The narrow beam is more beneficial for cell edge UE and high traffic load environment. 
Table 4-6 exhibits the performance comparison with various oversampling factors in 3D-UMi scenario. In the simulation, Table 4, 5 and 6 assume (4,4,2,32), (8,2,2,32) and (2,8,2,32) antenna port layout, respectively, and Class A codebook Config 3. As shown in the Table 4, we can observe the throughput gain upto 6.61% at high load due to the increased oversampling factor. Also, in case of (8, 2, 2, 32), (O1,O2)=(8,8) provides the best 5% UE throughput gain for both medium and high load cases. However, the performance gap between (O1,O2)=(8,8) and (O1,O2)=(8,4) is very small. The same observation is obtained from Table 6. 
Table 4: Performance comparison with various oversampling factors in 3D-UMi scenario with (4,4,2,32)

	
	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)=(4,4)
	2.187 
	　
	0.454 
	　
	1.878 
	0.49
	3

	(O1,O2)=(8,8)
	2.211
	1.10%
	0.467
	2.86%
	1.914
	0.48
	

	(O1,O2)=(4,4)
	1.611
	　
	0.227
	　
	1.198
	0.71
	4

	(O1,O2)=(8,8)
	1.654
	2.67%
	0.242
	6.61%
	1.25
	0.7
	


Table 5: Performance comparison with various oversampling factors in 3D-UMi scenario with (8,2,2,32) 
	
	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)=(4,4)
	1.997 
	
	0.378 
	
	1.626 
	0.69
	3

	(O1,O2)=(8,4)
	2.039 
	2.11%
	0.393 
	4.02%
	1.681 
	0.7
	

	(O1,O2)=(8,8)
	2.037 
	1.99%
	0.399 
	5.59%
	1.667 
	0.7
	

	(O1,O2)=(4,4)
	1.401 
	
	0.167 
	
	0.937 
	0.56
	4

	(O1,O2)=(8,4)
	1.451 
	3.58%
	0.184 
	10.04%
	1.003 
	0.57
	

	(O1,O2)=(8,8)
	1.455 
	3.85%
	0.188 
	12.19%
	1.018 
	0.58
	


Table 6: Performance comparison with various oversampling factors in 3D-UMi scenario with (2,8,2,32) 
	
	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)=(4,4)
	2.477 
	
	0.571 
	
	2.286 
	0.44
	3

	(O1,O2)=(4,8)
	2.487 
	0.40%
	0.574 
	0.58%
	2.286 
	0.44
	

	(O1,O2)=(8,8)
	2.459 
	-0.73%
	0.579 
	1.45%
	2.260 
	0.44
	

	(O1,O2)=(4,4)
	1.918 
	
	0.315 
	
	1.544 
	0.64
	4

	(O1,O2)=(4,8)
	1.940 
	1.15%
	0.325 
	3.08%
	1.587 
	0.63
	

	(O1,O2)=(8,8)
	1.919 
	0.05%
	0.325 
	3.08%
	1.575 
	0.64
	


Observation 4: Larger oversampling factor provides performance gain with (N1, N2)=(4,4). 
Observation 5: Increasing oversampling factor from 4 to 8 for the cases of Ni=8 (i=1,2) does provides marginal performance gain. 
Proposal 3: Preclude oversampling factor of 8 when Ni (i=1,2) is larger than 4.   
In Table 7, the performance of high resolution codebook proposed in Equation (1), (2) and Figure 2 is presented for 32 CSI-RS ports in 3D-UMi scenario. In the simulation, we assume (O1,O2)=(4,4) and (s1,s2)=(2,2). The required feedback bits for the proposed codebook design are summarized in Table 8. As shown in the Table 7, we can observe that 5.23% and 11.66% performance gain for mean and 5% UE, respectively, at high load. From Table 3 and 7, it is observed that the narrow and high resolution beamforming is more beneficial for cell edge UE and high traffic load environment.
Table 7: Performance of high resolution codebook in 3D-UMi scenario with (4,4,2,32)
	
	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)

	Class A Config 3
	2.187 
	
	0.454 
	
	1.878 
	0.49
	3

	Proposed
	2.265 
	3.58%
	0.479 
	5.40%
	1.970 
	0.47
	

	Class A Config 3
	1.611 
	
	0.227 
	
	1.198 
	0.71
	4

	Proposed
	1.695 
	5.23%
	0.254 
	11.66%
	1.270 
	0.69
	


Table 8: Required number of feedback bits for 32 CSI-RS ports
	
	Rank 1
	Rank 2

	
	W1
	W2
	W1
	W2

	Class A Config 3
	6
	4
	6
	4

	Proposed
	6
	6
	6
	5


Proposal 4: Consider codebook design with extended W1 beam group in Figure2 for codebook enhancement in Rel-14. 
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: High resolution feedback can be achieved by codebook based feedback mechanism with larger oversampling factors, extended W1 beam group and increased W2 feedback bits. 

Observation 2: To mitigate the inter-cell interference generating by certain vertical beams, power control of precoder can be considered. 

Observation 3: The narrow beam is more beneficial for cell edge UE and high traffic load environment. 
Observation 4: Larger oversampling factor provides performance gain with (N1, N2)=(4,4). 
Observation 5: Increasing oversampling factor from 4 to 8 for the cases of Ni=8 (i=1,2) does provides marginal performance gain. 
Proposal 1: Support 2D antenna port layouts in eFD-MIMO. For 1D layout, which antenna port layout will be supported in eFD-MIMO is FFS.  

Proposal 2: Preclude oversampling factor of 8 when Ni (i=1,2) is larger than 4.   
Proposal 3: Consider codebook design with extended W1 beam group in Figure2 for codebook enhancement in Rel-14. 
Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: (2,4,2,16), (3,4,2,24), (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.


Conclusion:


Class A codebook enhancement: 


Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 


Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 


To be concluded in RAN1#86


Examples: 


Down select from 19 (N1,N2) combinations; and/or


Reduce the number of (O1,O2) combinations


Other possibilities are not excluded 











PAGE  
6

_1524559097.unknown

_1524559113.unknown

_1520960793.vsd
(2,5): fat layout


(5,2): tall layout


(1,10): 1D horizontal layout


(10,1): 1D vertical layout



