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1. Introduction
In RAN1#82 meeting, following agreements are made regarding Class B CSI reporting and related parameters for each of identified alternative schemes:
	Agreements:
· CSI reporting with PMI
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

· Study further for CSI measurement restriction

Agreements:
· For alternatives 1, 2, 3, and 4 of CSI reporting class B,

· Nk ( {1,2,4,8}

· For Alt.1, UE reports L port CSI assuming either one of the followings

· L = Nk
· L (<= Nk) which can be configured or fixed in spec.

· For Alt.2, two possible schemes:

· UE reports L port CSI assuming L = sum(Nk) for all k; 

· UE reports L port CSI where K is always equal to 1 (L = N1)

· For Alt.3, UE reports L port CSI assuming either one of the followings

· L = Nk
· L (<= Nk) which can be configured or fixed in spec.

· For Alt.4, UE reports L port CSI assuming L = Nk


In this contribution, we further discuss on CSI reporting Class B with W2 feedback which corresponds to Alt. 2 and provide the evaluation results.
2. Discussion
Among the identified 4 alternatives, both Alt.1 and Alt.3 have a similar operational purpose, where K>1 is generally considered so that the UE selects at least one preferred beamformed CSI-RS resource out of the total K CSI-RS resources configured in the CSI process with Class B. For such selection feedback, Alt.1 is based on beam indicator (BI) reporting, whereas Alt.3 is based on selection codebook based reporting. 
Meanwhile, Alt.2 has a different motivation from Alt.1 or Alt.3, in that Alt.2 relies only on short-term W2 feedback in the dual codebook structure. More specifically, UE feedbacks short-term W2 containing beam selection and co-phasing to eNB under the assumption that W1 beamforming coefficients are pre-applied on the beamformed CSI-RS resource. Regarding such beamforming coefficients, different beam direction can be pre-applied per 2 port pair with different polarization each other, so that UE’s W2 feedback can be utilized at the eNB side as beam selection information as well as co-phasing for the different polarizations. 
For configurable parameters for Alt.2, two possible schemes for Alt.2 are captured in the RAN1#82 Chairman’s note as 
· Scheme 1: UE reports L port CSI where K is always equal to 1 (L = N1)
· Scheme 2: UE reports L port CSI assuming L = sum(Nk) for all k. 

In our understanding, the UE operation of two schemes is similar, but the difference is the CSI-RS resource/configuration. In the case of L=8, for example, the scheme 1 configures 8-port CSI-RS at once similar to legacy operation, while the scheme 2 configures 8-port CSI-RS using aggregation of multiple legacy CSI-RS resources. 
Table 1: Performance comparison for (2, 4, 2, 16)

	
	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
	3.738
	
	1.220
	
	3.810
	0.22
	2

	
	2.852
	
	0.640
	
	2.532
	0.41
	3

	
	2.158
	
	0.292
	
	1.619
	0.65
	4

	5ms beam adaptation periodicity
	3.768
	0.79%
	1.238
	1.55%
	3.810
	0.21
	2

	
	2.901
	1.73%
	0.654
	2.20%
	2.581
	0.4
	3

	
	2.228
	3.24%
	0.329
	12.57%
	1.732
	0.62
	4

	10ms beam adaptation periodicity
	3.743
	0.12%
	1.242
	1.86%
	3.774
	0.21
	2

	
	2.874
	0.79%
	0.655
	2.30%
	2.564
	0.4
	3

	
	2.206
	2.20%
	0.327
	11.92%
	1.702
	0.63
	4

	50ms beam adaptation periodicity
	3.658
	-2.14%
	1.220
	0.00%
	3.636
	0.22
	2

	
	2.794
	-2.03%
	0.636
	-0.64%
	2.485
	0.41
	3

	
	2.135
	-1.06%
	0.318
	8.73%
	1.674
	0.64
	4

	100ms beam adaptation periodicity
	3.589
	-4.00%
	1.191
	-2.38%
	3.509
	0.22
	2

	
	2.717
	-4.73%
	0.632
	-1.27%
	2.395
	0.42
	3

	
	2.076
	-3.80%
	0.302
	3.32%
	1.619
	0.64
	4

	200ms beam adaptation periodicity
	3.538 
	-5.37%
	1.127 
	-7.60%
	3.419 
	0.23
	2

	
	2.685 
	-5.85%
	0.610 
	-4.72%
	2.299 
	0.43
	3

	
	2.046
	-5.37%
	0.301
	3.15%
	1.581
	0.65
	4


      Performance of the schemes based on Alt.2 may depend on the pre-applied beamforming coefficient and its adaptation periodicity. In order to investigate this aspect, we evaluate the performance of Alt.2 by varying beam adaptation periodicity. For the evaluation, we assumed the (2, 4, 2, 16) antenna array and 2D codebook with vertical oversampling factor of 4. Also, we set the feedback periodicity of W2 is 5ms and assume that NZP and ZP CSI-RS overheads are the same for all scheme in Table 1 to exclude the effect of CSI-RS overhead.
      Table 1 exhibits performance comparison between Cat-2 baseline and Alt.2 based scheme in terms of the mean and 5% UE throughput. As shown in the table, beam adaptation periodicity with 5ms, which may correspond to a conventional W1 feedback periodicity, exhibits the best performance. As the feedback periodicity of W1 increases, the performance of Alt.2 based scheme gradually decreases. At the 100ms beam adaptation periodicity, up to 4.73% and 2.38% performance loss over Cat-2 baseline in terms of mean and 5% UE throughput, respectively, are observed. Due to this substantial performance loss, 50ms beam adaptation periodicity may be a good candidate for Alt.2 in CSI reporting Class B. Compared to our companion contribution [1] which corresponds to the Alt.1 based scheme, it is also observed that Alt.2 is much sensitive in beam coefficients adaptation frequency. It is mainly due to the fact that Alt.1 is based on CSI-RS resource selection so that both W1 and W2 can be reported by UE on top of a selected CSI-RS resource, thus long-term vertical beam selection (by BI feedback) and short-term horizontal CSI feedback (on the selected CSI-RS resource) can be performed by UE in case of Alt.1, whereas Alt.2 is based on only W2 feedback by UE so that conventional W1 components cannot be accommodated by UE’s CSI feedback.
Observation 1: Alt.2 with only W2 feedback is shown to be much sensitive in beam coefficients adaptation frequency compared to Alt.1 based scheme, since W1 feedback is excluded at UE’s CSI feedback and replaced by eNB implementation.
Proposal 1: Instead of relying on Alt.2 based scheme as Class B reporting, it is preferred to consider a merged way forward based on combining Alt.1 with BI feedback and Alt.4 with always-on MR.

3. Conclusion
In this contribution, we further discuss Alt.2 based scheme of CSI reporting Class B and provide the evaluation results. The observation and proposal based on the discussion above are given as follow:
Observation1: Alt.2 with only W2 feedback is shown to be much sensitive in beam coefficients adaptation frequency compared to Alt.1 based scheme, since W1 feedback is excluded at UE’s CSI feedback and replaced by eNB implementation.
Proposal 1: Instead of relying on Alt.2 based scheme as Class B reporting, it is preferred to consider a merged way forward based on combining Alt.1 with BI feedback and Alt.4 with always-on MR.

______________________________________________________________________
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 Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 4 x 2 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) [2]

	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
	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.


PAGE  
3

