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1. Introduction

In RAN1#80bis meeting, intensive discussions took place regarding how to capture beamformed and non-precoded CSI-RS based schemes into TR [1], and in the subsequent email discussion [80b-05] the proposed text [2] was agreed to be captured in the TR.
In this contribution, we provide evaluation results focusing on beamformed CSI-RS based schemes which are to be compared with Cat-2 baseline performance [3] via varying the vertical beam granularity.

2. Evaluation results and discussion
In section 6.2.1.1 on enhancements related to beamformed CSI-RS-based schemes in the agreed text proposal [2], five categories of considered schemes are captured. Schemes 1 and 2 are considering a single CSI process and a single NZP CSI-RS resource, whereas scheme 3 is considering a single CSI process and multiple NZP CSI-RS resources.

More specifically on scheme 3, one alternative of this scheme (denoted by scheme 3-1) performs selection of only one CSI-RS resource along with its associated reporting. In this case, multiple beamformed NZP CSI-RS resources are measured by a UE. Then the UE reports a beam index (BI) of a single UE-preferred NZP CSI-RS resource along with a report of CSI, such as PMI/RI/CQI, based on the preferred NZP CSI-RS resource.
Another alternative of this scheme (denoted by scheme 3-2) performs selection of one or more CSI-RS resources along with its associated reporting. This alternative is the same as the first one except that the UE reports BIs which select one or more beamformed NZP CSI-RS resources. The number of selected resources can dynamically change. The UE also reports CSI, such as PMI(s)/RI(s)/CQI, based on selected NZP CSI-RS resource(s) including either separate RI/PMI per NZP CSI-RS resource or a single CSI report for all the selected NZP CSI-RS resource(s).
For more explanation on scheme 3-2 w.r.t CSI reporting, it is assumed for convenience a UE is configured with the total 32 CSI-RS ports (e.g., 4 NZP CSI-RS resources each with an existing 8-port CSI-RS pattern) for supporting FD-MIMO CSI feedback. The network intends to transmit 4 differently (vertical-)beamformed CSI-RSs per cell, each corresponding to a different NZP CSI-RS resource configured to the UE. Such UE attached to the cell will perform FD-MIMO CSI feedback, consisting of the following two parts of the CSI feedback chain:

· Part 1: NZP CSI-RS resource selection feedback based on corresponding selection codebook.
· Part 2: Horizontal short-term CSI feedback based on existing constant-modulus codebook.
Periodicity of Part 1 vertical beam selection feedback can be relatively long, compared to that of Part 2 existing horizontal feedback. CQI feedback is only carried by Part 2 existing feedback.

Regarding RI and PMI feedback, UE calculates and reports FD-MIMO composite precoder 
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Here, 
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is selected by the selection codebook, and 
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 is selected by the existing constant-modulus codebook. 
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, representing how many NZP CSI-RS resources are selected by UE. 
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is a selection vector, representing the selected r-th NZP CSI-RS resource. 
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corresponds to an existing horizontal precoding matrix which is selected on the CSI-RS ports only within the r-th selected NZP CSI-RS resource.

If we denote the rank of 
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, the total rank of the FD-MIMO composite precoder 
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Hence, the total rank is the summation of each horizontal rank 
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derived per selected r-th NZP CSI-RS resource.
In the following, we provide evaluation results for comparison between the Cat-2 baseline performance [3] and the considered beamformed CSI-RS-based scheme performance with restricting vertical rank 1 for convenience. Note such vertical rank 1 restriction makes the scheme 3-2 equivalent to the scheme 3-1 since UE only selects one vertical beam which corresponds to the associated NZP CSI-RS resource. More thorough investigation on vertical rank >1 is required for the potential work item phase.

Tables 2, 3, and 4 show the performance comparison results between Cat-2 baseline and the considered beamformed CSI-RS-based scheme via varying the number of candidate vertical beams which correspond to different NZP-CSI-RS resources. Note that each table respectively corresponds to (8, 4, 2, 16), (8, 4, 2, 32), and (8, 4, 2, 64) for the antenna array configuration of (M, N, P, Q), and sub array model for TXRU virtualization is assumed. 
Table 1: Parameters for beamformed CSI-RS based schemes

	
	Phase 1
	2 vertical beams
	4 vertical beams
	8 vertical beams
	16 vertical beams

	# of REs for NZP and ZP CSI-RSs
	8*3
	16*3
	32*3
	64*3
	128*3

	average CSI-RS overhead (REs/RB/subframe)
	4.8
	4.8
	4.8
	4.8
	4.8

	CSI-RS periodicity [ms]
	5
	10
	20
	40
	80


Table 1 exhibits the CSI-RS overhead and feedback periodicity for considered beamformed CSI-RS based schemes. Note that we consider the beamformed CSI-RS scheme whose CSI-RS feedback periodicity increases as the number of vertical beams grows. This is due to the fact that increasing CSI-RS feedback periodicity may provide better performance than increasing CSI-RS overhead as shown in [3].
Table 2: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	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)

	Cat-2 baseline
	3.664
	
	1.254
	
	3.846
	0.21
	2

	2 vertical beams
	3.693
	0.8%
	1.295
	3.24%
	3.922
	0.21
	

	4 vertical beams
	3.611
	-1.45%
	1.235
	-1.54%
	3.738
	0.22
	

	8 vertical beams
	3.323
	-9.3%
	0.985
	-21.43%
	3.252
	0.25
	

	Cat-2 baseline
	2.256
	
	0.335
	
	1.827
	0.62
	4

	2 vertical beams
	2.309
	2.33%
	0.366
	9.25%
	1.896
	0.6
	

	4 vertical beams
	2.249
	-0.33%
	0.350
	4.29%
	1.835
	0.62
	

	8 vertical beams
	1.877
	-16.8%
	0.226
	-32.6%
	1.347
	0.72
	

	Cat-2 baseline
	1.694
	
	0.138
	
	1.099
	0.83
	5

	2 vertical beams
	1.748
	3.24%
	0.156
	12.44%
	1.191
	0.81
	

	4 vertical beams
	1.707
	0.79%
	0.147
	5.93%
	1.133
	0.82
	

	8 vertical beams
	1.403
	-17.17%
	0.909
	-34.27%
	0.800
	0.89
	


Table 3: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	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)

	Cat-2 baseline
	3.727
	
	1.282
	
	3.960
	0.21
	2

	4 vertical beams
	3.704
	-0.63%
	1.312
	2.29%
	4.000
	0.21
	

	8 vertical beams
	3.458
	-7.21%
	1.111
	-13.34%
	3.571
	0.23
	

	16 vertical beams
	2.999
	-19.52%
	0.794
	-38.09%
	2.797
	0.29
	

	Cat-2 baseline
	2.339
	
	0.360
	
	1.942
	0.6
	4

	4 vertical beams
	2.334
	-0.22%
	0.386
	7.25%
	1.951
	0.59
	

	8 vertical beams
	2.057
	-12.08%
	0.304
	-15.64%
	1.606
	0.66
	

	16 vertical beams
	1.445
	-38.24%
	0.138
	-61.75%
	0.875
	0.81
	

	Cat-2 baseline
	1.769
	
	0.150
	
	1.209
	0.82
	5

	4 vertical beams
	1.794
	1.38%
	0.172
	14.47%
	1.258
	0.8
	

	8 vertical beams
	1.560
	-11.8%
	0.125
	-16.73%
	1.013
	0.86
	

	16 vertical beams
	1.077
	-39.1%
	0.061
	-59.60%
	0.490
	0.93
	


Table 4: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	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)

	Cat-2 baseline
	3.655
	
	1.140
	
	3.846
	0.23
	2

	8 vertical beams
	3.496
	-4.35%
	1.191
	4.47%
	3.636
	0.23
	

	16 vertical beams
	3.157
	-13.63%
	0.932
	-18.18%
	3.101
	0.26
	

	Cat-2 baseline
	2.127
	
	0.277
	
	1.569
	0.68
	4

	8 vertical beams
	2.059
	-3.19%
	0.291
	5.28%
	1.594
	0.67
	

	16 vertical beams
	1.582
	-25.62%
	0.159
	-42.68%
	1.008
	0.78
	

	Cat-2 baseline
	1.595
	
	0.111
	
	0.924
	0.88
	5

	8 vertical beams
	1.546
	-3.02%
	0.119
	7.96%
	0.971
	0.87
	

	16 vertical beams
	
	
	
	
	
	
	


As shown in Tables 2, 3 and 4, considered beamformed CSI-RS scheme provides inferior performance compared to Cat-2 baseline especially at larger number of vertical beams. More specifically, beamformed CSI-RS schemes provide up to 17.17% and 34.27% performance loss over Cat-2 baseline in terms of mean UE throughput and 5% UE throughput, respectively, at antenna array configuration of (8, 4, 2, 16). On the other hands, non-precoded CSI-RS based scheme exhibits performance gain over Cat-2 baseline [4]. This observation may lead the conclusion that non-precoded CSI-RS based scheme is superior than beamformed CSI-RS based scheme. However, it should be noted that for beamformed CSI-RS-based schemes there may exist various ways of configuring the CSI-RS resource patterns to reduce the overhead, e.g., colliding CSI-RS REs in different CSI-RS resources which has similar effects to the cases in Cat-1 [5] in terms of the amount of resulting CSI-RS overhead. Therefore, efficient beamformed CSI-RS configurations and related operations need to be thoroughly investigated further in the potential work item phase. More elaborations on potential specification impacts for beamformed CSI-RS-based scheme are discussed in our companion contribution [6].
3. Conclusion
In this contribution, we discussed enhancements on beamformed CSI-RS-based schemes for supporting FD-MIMO. The observation and proposal based on the discussion are given as follow:
Observation 1: Due to applying increased CSI feedback periodicity, beamformed CSI-RS schemes provide up to 17.17% and 34.27% performance loss over Cat-2 baseline in terms of mean UE throughput and 5% UE throughput, respectively, at antenna array configuration of (8, 4, 2, 16).
Proposal 1: Efficient beamformed CSI-RS configurations and related operations need to be thoroughly investigated further to reduce the CSI-RS overhead, e.g., colliding CSI-RS REs of different CSI-RS resources, aperiodic beamformed CSI-RS transmissions, and so on.
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 Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 4 x 2 (+/-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) [7]

	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 port is mapped to all TXRUs corresponding to one column of co-polarized antenna elements, CRS port 0 is associated with the first column with +45 degree pol, and CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms for Phase 1

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook for Phase 1

	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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