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Introduction
In 3GPP RAN1#85, the following conclusions were made for non-precoded CSI-RS codebook for eFD-MIMO [1]:
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 

In 3GPP RAN1#86 meeting, the supported port layout for Rel-14 codebook design was discussed and a WF was proposed in [2]. In this contribution, we further discuss codebook design for the newly supported number of non-precoded CSI-RS ports for eFD-MIMO and provided evaluation results for different candidate options.
Possible port layouts for codebook design
According to the WID, the newly supported number of non-precoded CSI-RS ports is restricted to the set of {20, 24, 28, 32}. Table 1 shows all possible port layouts and associated () combinations for the newly supported number of non-precoded CSI-RS ports under X-Pol antenna array. An example on the possible port layouts for 32 CSI-RS ports is also shown in Figure 1 below.
Table 1 Possible 1D/2D layout for {20, 24, 28, 32} non-precoded CSI-RS ports
	Number of CSI-RS ports
	1D
	2D

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

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

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

	32
	(16,1)
	(2,8), (8,2), (4,4)
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Figure 1: Possible 1D/2D layout for non-precoded CSI-RS 32-ports
[bookmark: _GoBack]If all the above (N1, N2) combinations are supported for new codebook design, it could mean that 15x4x2=120 codebooks will be designed in Rel-14, where we assume 8 different codebook sets based on two set of (O1, O2) and four codebook “Config” are associated with each (N1, N2) combination. In RAN1#86 meeting, some proposals to reduce the number of codebook combinations were discussed to alleviate UE computational complexity. For example, the (O1, O2) combination of (8, 8) can be removed due to limited performance gain from (4, 4) to (8,8) according to evaluation in [3]. As a result, there are total 25 codebook combinations as shown in Table 2 below. One potential issue with Table 2 is whether to support symmetric (N1, N2) combinations or only N1>=N2. Since “codebook transpose” is one important feature in Rel-13 codebook design and support of only N1>=N2 will not allow port sharing with legacy Rel-13 UE for which N1<N2 port layout is configured, we prefer to support symmetric (N1, N2) combinations also for 20-32 ports. 
Table 2 Proposed port layout for 20-32 port codebook design
	Number of CSI-RS antenna ports
	(N1,N2)
	(O1, O2)

	20 ports
	(2,5)
	(8,4)

	
	(5,2)
	(8,4), (4,4)

	
	(10,1)
	(4,-),(8,-)

	
	(3,4)
	(8,4)

	
	(4,3)
	(8,4), (4,4)

	
	(2,6)
	(8,4)

	
	(6,2)
	(8,4), (4,4)

	
	(12,1)
	(4,-),(8,-)

	
	(2,7)
	(8,4)

	
	(7,2)
	(8,4), (4,4)

	
	(14,1)
	(4,-),(8,-)

	32 ports
	(8,2)
	(8,4)

	
	(2,8)
	(8,4), (4,4)

	
	(4,4)
	(8,4),(4,4)

	
	(16,1)
	(4,-),(8,-)



Proposal 1: Adopt port layout and (O1, O2) combinations in Table 2 for Rel-14 codebook design.
Codebook design for newly supported number of CSI-RS ports 
A scalable codebook design framework was introduced in Rel-13, for which a codebook is configured by a set of RRC parameters to support a variety of port layouts. Therefore, a straightforward solution for Rel-14 codebook design for {20, 24, 28, 32} ports is to extend the Rel-13 codebook by introducing additional (N1, N2) combinations. Some investigations may be needed, e.g., determining the set of (O1, O2) for new (N1, N2) combinations, but in principle the existing parameter values can be reused. 
Although the extension of Rel-13 codebook to additional (N1, N2) combinations may work for the newly supported number of non-precoded CSI-RS ports, it may not be sufficient for achieving the optimal performance. A big difference between Rel-13 and Rel-14 is that Rel-14 codebook design needs to support a larger number of antenna ports and a larger antenna array, such as 32 ports with 16 columns x-pol antenna array. It is known that the beam width is reduced with the increase of array form factor, and the beam width of 32-ports may be only a half of that of 16-ports. If the same codebook “Config” is reused it could mean the effective DoA range covered by a set of beams in W1 codebook is significantly reduced. Using a small oversampling factor such as 2 may increase effective range but at the price of a loss of beam granularity. It is concluded in the study item that significant performance loss is observed for an oversampling factor of 2. Therefore, a new codebook may be needed to improve the W1 beam coverage for the newly supported number of CSI-RS ports to avoid performance degradation for relatively large ASD/ESD. 
Several codebook enhancements options were proposed in [3] – [5], and summarized below.
· Alternative 1: 4x4 grid of beams with 16 beam selection
[image: ]The first alternative is to use a large beam group (L1, L2) for W1 codebook. One example is shown in Figure 2. A 4x4 grid which consists of total 16 beams can be selected for W1 covering 2 times angular spread than legacy Rel.13 Class A codebook Config2. However, W2 feedback overhead is also increased from 4 to 6 bits.  
Figure 2: Example of 4x4 grid of beams with 16 beam selection
· Alternative 2: 2x8 grid of beams with 8 beam selection
Figure 3 shows another example for large beam group design with (L1, L2) = (2, 8). It is extended from the legacy Rel.13 codebook Config3 by introducing more beams in a beam group. 5 bits feedback for W2 is required to select one of 8 beams and polarization co-phasing. 
[image: ]
Figure 3: Example of 2x8 grid of beams with 8 beam selection
· Alternative 3: 2x8 grid of beams with 4 beam selection
In another example, a larger beam group can be supported without increasing the W2 codebook size. As shown in Figure 4, the four beams in the group are non-uniformly distributed in the 2D grid of (2, 8). The four beams are divided into two groups each containing two adjacent beams, and the two groups are separated by a gap of two beams. The benefit of this option is to maintain same W2 feedback overhead but provide large beam coverage compared to legacy Rel-13 Config3 codebook.
[image: ]
Figure 4: Examples of 2x8 grid of beams with non-uniform 4 beam selection
· Alternative 4: UE adaptive inter-beam spacing with 4 beam selection 
Another example to support large beam group without increasing W2 codebook size is to use adaptive inter-beam spacing. For example, as shown in Figure 3, two options are considered to select four beams from a grid of beams with (L1, L2) = (2,8). The two options are differentiated by the inter-beam spacing, e.g., (p1, p2) = (1,1) or (2,1). The first option provides more beam granularity when channel angular spread is small, and the second provides sufficient angular coverage thus better supports large angular spread channel. The selection of two options can be UE specific based on channel angular spread, and the feedback of the selection of (p1, p2) can be included also in W1 feedback. 
[image: ]
Figure 4: UE adaptive inter-beam spacing (p1, p2) with 4 beam selection
Performance Evaluation 
In this section, we will provide evaluation results of different codebook design options for the newly supported number of non-precoded CSI-RS ports. The baseline is an extension of Rel-13 codebook Config3. Four codebook enhancement options discussed in section 3 are considered in the evaluation: 
In the evaluation, two antenna array (8, 4, 2) and (8, 8, 2) are considered. Both are virtualized to 32-ports. For the former, 2 vertical antenna elements are virtualized to one port using DFT vector, and for the latter four elements are virtualized to one port. The used codebook parameters are summarized in Table 2.  FTP traffic is assumed with a packet arrival rate =4.2 corresponding to 50% resource utilization for 32-ports baseline. Other simulation assumption are based on [6].
Table 2: Codebook parameters used in the evaluation
	(O1, O2)
	(S1, S2)
	(p1, p2)

	(4, 4)
	(2,2)
	(1,1) or (2,2)*


          Note: (p1, p2) = (2, 2) is only applied to Alt. 4.
Table 3 shows the system performance for (4, 4, 2) port layout with 32-ports under 3D UMa and 3D UMi. It can be seen that all the four codebook enhancement schemes could provide non-negligible performance gain over the baseline, especially on cell edge throughput performance of 3D UMa. Alt. 1 with 6-bits W2 has the best performance among four alternatives, but the performance gap between Alt. 1 and other three alternatives are marginal.
Table 3: Non-full buffer simulation results for 32-ports with (4, 4, 2) port layout
	32TxRU, (4,4,2)
	Baseline (Config3)
	Alt. 1 with 6bits W2
	Alt. 2 with 5bits W2
	Alt. 3 with 4bits W2
	Alt. 4 with two (p1, p2)

	3D UMa   ISD 200m
	5%-tile (Mbps)
	8.13
	8.90 (9.47%)
	8.6768 (6.73%)
	8.85 (8.85%)
	8.602 (5.81%)

	
	50%-tile (Mbps)
	21.739
	22.68 (4.31%)
	 21.978 (1.1%)
	22.6 (3.96%)
	22.599 (3.96%)

	
	Mean (Mbps)
	25.852
	26.89 (4.02%)
	26.355 (1.95%)
	26.84 (3.81%)
	26.77 (3.55%)

	3D UMi    ISD 200m
	5%-tile (Mbps)
	8.457
	8.69 (2.75%)
	8.639 (2.16%)
	8.51 (0.63%)
	8.602 (1.72%)

	
	50%-tile (Mbps)
	23.39
	24.27 (3.77%)
	24.242 (3.64%)
	23.39     (0%)
	24.096 (3.02%)

	
	Mean (Mbps)
	27.90
	28.41 (1.82%)
	28.382 (1.73%)
	28.128 (0.82%)
	28.522 (2.23%)



Table 4 shows the system performance for (2, 8, 2) port layout with 128 antenna elements, 32-ports under 3D UMa and 3D UMi. As more antenna ports are now on the horizontal dimension, Alt. 2~4 which support large angular spread on horizontal have comparable or even better performance than Alt. 1.   
Table 4: Non-full buffer simulation results for 32-ports with (2, 8, 2) port layout
	32TxRU, (2,8,2)
	Baseline (Config3)
	Alt. 1 with 6bits W2
	Alt. 2 with 5bits W2
	Alt. 3 with 4bits W2
	Alt. 4 with two (p1, p2)

	3D UMa   ISD 200m
	5%-tile (Mbps)
	10.00
	10.63 (6.30%)
	10.73 (7.32%)
	10.65 (6.54%)
	10.72 (7.24%)

	
	50%-tile (Mbps)
	25.64
	26.21 (2.20%)
	25.96 (1.23%)
	26.18 (2.12%)
	26.14 (1.96%)

	
	Mean (Mbps)
	30.21
	30.69 (1.58%)
	30.58 (1.20%)
	30.99 (2.56%)
	30.66 (1.47%)

	3D UMi    ISD 200m
	5%-tile (Mbps)
	10.17
	10.68 (4.93%)
	10.65 (4.67%)
	10.58 (3.91%)
	10.72 (5.36%)

	
	50%-tile (Mbps)
	27.58
	28.35 (2.78%)
	28.55 (3.50%)
	28.19 (2.21%)
	28.17 (2.11%)

	
	Mean (Mbps)
	32.1
	32.68 (1.51%)
	32.77 (1.79%)
	32.97 (2.41%)
	32.42 (0.70%)



Since the performance of the four alternatives are close and Alt. 3 with 4bits W2 has the benefit of relatively low overhead for both W1 and W2, we prefer to support Alt. 3 for codebook enhancement.
Proposal 2: Consider Alt. 3 as new one codebook config or replacing Config3 as codebook enhancement for the newly supported number of non-precoded CSI-RS ports.
Conclusion
In this contribution, we discuss codebook enhancements for Rel-14 eFD-MIMO. We have the following proposals.
Proposal 1: Adopt port layout and (O1, O2) combinations in Table 2 for Rel-14 codebook design.
Proposal 2: Consider Alt. 3 as new one codebook config or replacing Config3 as codebook enhancement for the newly supported number of non-precoded CSI-RS ports.
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