[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #82bis                                                                   R1-155765
Malmö, Sweden, 5th - 9th October 2015

Source:	NTT DOCOMO
Title:	2D Codebook Design for Elevation Beamforming and FD-MIMO
[bookmark: Source]Agenda Item:	7.2.4.3.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
At the RAN1 #82 meeting, 2D codebook design to support non-precoded CSI-RS based elevation beamforming and FD-MIMO transmission scheme has been intensively discussed. One discussion point is the configurability of the codebook. Four different alternatives were identified and summarized in [1]. Briefly summarizing:
· In Alt 1, tall, [square] and wide arrays are supported with a single codebook for each of [8], 12 and 16 CSI-RS ports; codebook subset selection is applied to select subsets of the codebook that are valid for PUSCH and PUCCH reporting; and additional configurability can be considered for oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group.
· In Alt 2, tall, [square] and wide port layouts are supported with parameters N1, N2; and additional configurability can be considered for oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group.
· In Alt 3, for each number of 12 and 16 CSI-RS ports, at most two fixed codebooks are specified in spec without any sub-sampling for selecting codebook subset for PUSCH report and with possible sub-sampling for selecting codebook subset for PUCCH report.
· In Al4 4, for each number of 16 and 12 CSI-RS ports, a single fixed codebook is specified in spec.
It was finally agreed in [2] that the above four alternatives can be further considered. Down-selection and/or combination of the alternatives are possible. In this contribution, we provide our views on the configurability of the codebook for elevation beamforming and FD-MIMO.
2D Codebook Design for Rel. 13 MIMO
During the email discussion of [3], there are different views on the scope of the codebook design for Rel. 13 work item, including:
· Whether 1D antenna ports layout is supported or not;
· Whether 12-TX antenna configurations are with the same priority as 16 TX configurations or not.
On one hand, since the Rel. 13 elevation beamforming and FD-MIMO work item is the first occasion in RAN 1 to discuss the 2D codebook design, it is desired to consider a robust codebook framework which can support 8, 12 and 16 CSI-RS ports with different 2D layouts. On the other hand, it is a very realistic situation that it seems difficult to optimize the codebook design separately for each particular antenna port number and antenna array structure, considering the Rel. 13 timeline. In that sense, we think it is reasonable to focus on a general 2D codebook framework which ensures the performance benefit of elevation beamforming and FD-MIMO. Then if time allows, it can be further discussed whether some additional enhancement, including performance enhancement, overhead/complexity reduction, needs to be done and can be done in Rel. 13. Further enhancement is always possible in the future releases. To summarize, we make the following proposal.
Proposal 1: The Rel. 13 codebook structure/framework shall be general enough, in order to ensure the performance benefit of elevation beamforming and FD-MIMO for all targeted antenna array structures and interested deployment scenarios.
Proposal 2: Further codebook structure design and parameter optimization can be considered for specific antenna array structure in Rel. 13 if benefits in terms of performance gain or complexity/overhead reduction can be clearly identified and if time allows.
Based on the outcome from the last meeting, there exist four alternative codebook frameworks for supporting Rel. 13 non-precoded CSI-RS based elevation beamforming and FD-MIMO schemes. Alt 1 and Alt 2 allow configurability of the codebook, in terms of the codebook dimension parameter, e.g., antenna port number, and intrinsic codebook structure parameters, e.g., oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group. The major difference between Alt 1 and Alt 2 is the configuration of the antenna port layout. In Alt 1, the antenna port layout is implicitly configured via eNB implementation, more specifically, by appropriate numbering of the CSI-RS ports, as illustated in Figure 1. Therefore, for Alt 1, it is sufficient to define three sets of codebooks for 8, 12 and 16 ports respectively. In Alt 2, the antenna port layout is explicitly configured by parameter N1 and N2 which represent number of ports per row and number of ports per column respectively. Alt 3 and Alt 4 try to minimize the configurability of the Rel. 13 codebook. In Alt 3, different codebooks are supposed to be designed for different antenna layout, even with the same number of antenna ports. In Alt 4, a single codebook is specified for a given number of antenna ports. Similar to Alt 1, different antenna layouts are accomodated by eNB implementation of the CSI-RS port numbering. 


Figure 1. eNB numbering of the antenna ports to use a common codebook for different antenna structures with the same number of antenna ports.
Comparing the four alternatives, one of the major differences is the configurability of the parameters that are associated with the intrinsic codebook structure, including oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group. Considering different deployment scenario of 2D antenna arrays, e.g., in the UMa, UMi and small cells, e.g., in heterogeneous network scenarios, it is beneficial to allow certain level of configurability of these parameters. On the other hand, the Rel. 13 evelation beamforming and FD-MIMO supports 8, 12, and 16 CSI-RS ports, which can be created from different antenna arrays, even for a single antenna port number. For example, the use cases of 16-port codebook can cover different antenna array configurations of (8, 4, 2, 16), (4, 4, 2, 16), (8, 2, 2, 16). Note that different parameter values may be suitable for different antenna array configurations. Based on the above analysis, it is preferrable to further discuss the configurability of the intrinsic codebook structure parameters. Among the parameters listed in Alt 1 and Alt 2, it is still possible to down-select the parameters to be configurable. The down-selection shall be based on performance evaluation and analysis of the overhead and complexity issues. To summarize the above analysis, we propose the following.
Proposal 3: Configurable codebook design shall be considered in Rel. 13. 
· FFS how to configure different antenna array layouts with the same number of antenna ports, based on the following alternatives:
· Alt 1: by eNB implementation of the port numbering;
· Alt 2: by explicitly signalling of (N1, N2).
· FFS to down-select the configurable parameters among the following, oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group.
At the RAN1#82 meeting, it is further discussed the general structure of the codebook, followed by an additional email discussion after the meeting [4]. It was agreed in [5] that the codebook shall reuse the Rel. 10 8-TX and Rel. 12 4-TX codebook structure of W = W1W2, wherein W1 provides beam group selection and W2 provides beam selection in beam group and co-phase between the two polarizations. Considering the structure of W1, three alternatives are agreed in [5], i.e.,:
· Alt 1: 
· Alt 2: 
· Alt 3: 
Alt 1 provides a most general Kronecker structure, which has been widely evaluated as a 2D codebook candidate in the elevation beamforming and FD-MIMO study item [6] and was proved to be effective. On the other hand, several companies proposed Alt 2 wherein column selection is used to remove the unnecessary vertical and horizontal beam combinations. Several results shown in the study item, as well as in the RAN1 #82 meeting have also demonstrated some performance benefit of Alt 2. In Alt 3, different beam groups are used for the two polarizations. The performance benefit of Alt 3 is still not very clear. And the general framework of Alt 3 also deviates more from the legacy codebook design. Therefore, it is proposed to concentrate on Alt 1 and Alt 2. It can be further investigated whether Alt 2 can bring evident performance benefit over Alt 1. Based on the above analysis, we have the following proposal.
Proposal 4: For W1 codebook, consider Alt 1 as a baseline, FFS the benefit of Alt 2 over Alt 1, where Alt 1 and Alt 2 are given as follows.
· Alt 1: 
· Alt 2: 
For the detailed structure of W2, there also exist several alternatives. As W2 only takes care of the beam selection for each polarization and the co-phase between two polarizations, reusing the legacy codebook design principle shall suffice. In that sense, Alt 1 is preferred. Therefore, we have the following proposal.
Proposal 5: For W2 codebook, consider Alt 1, which is given as follows.
· Alt 1: Rank 1 ; Rank 2 
·  is column selection indicator vector for    or for the -th layer, 
Performance Evaluation
In the previous section, we have proposed to consider Alt 1 for W1 design and Alt 1 for W2 design. It is further proposed to test the codebook structure/framework across different antenna array configurations. Note that we have conducted performance evaluation for antenna array structures of (8, 2, 2, 8), (8, 2, 2, 16) and (8, 4, 2, 16) in the UMi scenario and (4, 4, 2, 16) in the heterogeneous network scenario with separate frequency bands. During that evaluation, the codebook is constructed as follows. 

                                (1) 
which falls in the framework of Alt 1 for W1 design and Alt 1 for W2 design. The performance results submitted to the study item have verified the performance benefit of such codebook design across different antenna array structures in different scenarios.
[bookmark: _GoBack]In this section, we provide some additional evaluation results with the preferred codebook structure. Compared to the codebook used in (1), we consider another parameter configuration, which is summarized in Table 1. Another motivation of this new evaluation is to provide the performance verification of 12-port case, which has not been covered in the study item.
Table 1: Key 2D codebook parameters configured for the performance evaluation. 
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We provide system-level simulation results in order to identify the performance benefit of the codebook structure. Major evaluation assumptions are summarized in Table A. The evaluation is performed in 3D-UMi environment with three different eNB antenna configurations, i.e., (M, N, P, Q) = (8, 4, 2, 16), (8, 2, 2, 16) and (9, 2, 2, 12). The category 2 implementation based enhancement scheme identified in the study item [6] is used as a performance baseline. The 2D codebook performance is compared against the baseline performance. Note that for the 12-port case, the antenna array of (M, N, P, Q) = (8, 3, 2, 12) is also relevant. However, it is hard to implement the baseline scheme due to the lack of 6-TX codebook in legacy LTE. Therefore, evaluation of (8, 3, 2, 12) is not considered here. FTP traffic model is used for evaluation and the user packet throughput (UPT) gain over the baseline is summarized in Table 2. 
Table 2: Performance benefit of 2D codebook with preferred structure over baseline
[image: ]
From the evaluation results, we observe the following.
Observation: The preferred 2D codebook structure can provide evident performance benefit across different antenna array configurations. Up to 9%, 31%, and 36% performance gain is observed for mean UPT and 23%, 67%, 80% performance gain is observed for 5% UPT in the low, middle and high traffic load cases, respectively.
Based on this the evaluation, it is verified that W1 with Alt 1 and W2 with Alt 1 can be considered as a good 2D codebook framework for Rel. 13 elevation beamforming and FD-MIMO.
Summary
In this contribution, we discussed the codebook design issues. Based on our investigation, the following observations and proposals can be made.

Proposal 1: The Rel. 13 codebook structure/framework shall be general enough, in order to ensure the performance benefit of elevation beamforming and FD-MIMO for all targeted antenna array structures and interested deployment scenarios.
Proposal 2: Further codebook structure design and parameter optimization can be considered for specific antenna array structure in Rel. 13 if benefits in terms of performance gain or complexity/overhead reduction can be clearly identified and if time allows.
Proposal 3: Configurable codebook design shall be considered in Rel. 13. 
· FFS how to configure different antenna array layouts with the same number of antenna ports, based on the following alternatives:
· Alt 1: by eNB implementation of the port numbering;
· Alt 2: by explicitly signalling of (N1, N2).
· FFS to down-select the configurable parameters among the following, oversampling factors, beam group spacing, number of beams in each beam group, beam spacing in each beam group.
Proposal 4: For W1 codebook, consider Alt 1 as a baseline, FFS the benefit of Alt 2 over Alt 1, where Alt 1 and Alt 2 are given as follows.
· Alt 1: 
· Alt 2: 
Proposal 5: For W2 codebook, consider Alt 1, which is given as follows.
· Alt 1: Rank 1 ; Rank 2 
·  is column selection indicator vector for    or for the -th layer, 
Observation: The preferred 2D codebook structure can provide evident performance benefit across different antenna array configurations. Up to 9%, 31%, and 36% performance gain is observed for mean UPT and 23%, 67%, 80% performance gain is observed for 5% UPT in the low, middle and high traffic load cases, respectively.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE 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 feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

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

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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Codebook Parameter Values
Number of ports N1 Variable depending on array
Oversampling factor O1 8
For X'l"1 Number of beams in each beam group L1 2
Beam group spacing 2
Beam spacing in each beam group 1
Number of ports N2 Variable depending on array
Oversampling factor 02 2
For X;"Z Number of beams in each beam group L2 2
Beam group spacing 1
Beam spacing in each beam group 1
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Antenna Configurations

Traffic Performance (M,N,P,Q)+(N1,N2)

Load Gain Metrics (8,4,2,16) + | (8,2,2,16) + | (9,2,2,12) +

(42) (2,4) (3.2)

Mean 3.5% 9.1% 7.7%

Low UPT 5% 13.3% 23.8% 20.5%

50 % 4.3% 13.5% 12.2%

Mean 6.0% 31.3% 28.7%

Middle UPT 5% 14.8% 67.4% 56.8%

50 % 7.2% 50.3% 41.5%

Mean 7.0% 28.2% 36.4%

High UPT 5% 10.7% 43.0% 80.3%

50 % 8.7% 35.6% 55.7%
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