3GPP TSG RAN WG1 Meeting #82bis
                                               
R1-155403
Malmö, Sweden, 5th - 9th October 2015
______________________________________________________________________ Agenda item: 7.2.4.3.2
Source: LG Electronics

Title: Discussion on CSI reporting Class B with BI feedback
Document for: Discussion and Decision
1. Introduction

In RAN1#82 meeting, following agreements are made regarding Class B CSI reporting for supporting beamformed CSI-RS based operations:
	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:

· Study the following aspects for CSI-process reporting class B,  including but not limited to 

· Number of antenna ports L for CSI (e.g., 2, 4, 8)

· Class B Alt-1:

· Beam selection indicator (BI) definition, e.g. RSRP or CSI based, wideband vs. subband, short-term vs. long-term

· BI bitwidth (related to K)

· Support for rank>2 UE specific beamforming

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-2:

· Codebook for beam selection and co-phasing  (either derived from legacy codebook(s) or codebook components, or newly designed)

· Along with the associated PMI (e.g. assuming W = W2 in the newly designed or legacy codebook) 

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-3: 

· Codebook for beam selection and CSI 

· PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-4:
· Measurement restriction mechanism; may be also applicable to Alt-1 to 3. 

· Other aspects not precluded 

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 Class B CSI reporting details with feedback enhancements based on relevant simulation results. 
2. Discussion 
In our companion contribution [1], we mentioned possible parameter ranges for K as the number of CSI-RS resources and the total number of ports in a CSI process, which are desired to be determined based on relevant system-level simulations. Based on our previous evaluation results [2] comparing all the identified beamformed CSI-RS based approaches captured in TR, we suggest to consider a merged operation between the above Alt.1 with BI feedback and Alt.4 with always-on MR, which shows the highest throughput gains, i.e., 16.3% for mean UE throughput and 32.0% for 5% UE throughput at high RU. To achieve the gain, we can consider following 2 CSI processes configured to UE:
· CSI process#1 with Class B based on Alt.1:  K(>1) CSI-RS resources are configured
· eNB periodically transmits the K CSI-RSs. Transmit periodicity can be long, e.g., 50ms, 100ms, etc.

· UE reports BI as well as RI/PMI/CQI on the selected CSI-RS resource.
· Reporting periodicity of BI can be much longer than CSI.
· The reported BI is utilized for transmitting CSI-RS associated with CSI process#2.
· CSI process#2 with Class B based on Alt.4:  K=1 CSI-RS resource is configured
· eNB applies UE-specific beamforming coefficients on the transmitting CSI-RS by using the above reported BI, at a single measurement subframe triggered to the UE.
· UE reports RI/PMI/CQI based on the indicated single measurement subframe.
· Following this operation, the configured CSI-RS resource can be re-used among multiple UEs, where applied beamforming coefficients can be freely chosen by eNB at each CSI-RS transmitting instance.
Keeping in mind the above efficient operation to be utilized, we can first demonstrate what would be the maximally required number of CSI-RS resources configurable for CSI process#1. For evaluations to determine the maximum value of K, antenna configuration (8, 2, 2, 32) is considered. We applied 1x, 2x, and 4x oversampling for the vertical domain, so that corresponding K = 8, 16, and 32, respectively, are considered for evaluations. For simplicity, we assume Nk = 4 is the same for all k (=1, 2, …, K), thus the total number of CSI-RS ports within CSI process#1 is Nk · K. Taking ZP-CSI-RS overhead into account as well, total CSI-RS overhead for CSI process#1 is 3 · Nk · K, considering 3 cell reuse factor. CSI-RSs for CSI process#1 is assumed to be transmitted with the same periodicity as BI feedback periodicity which we evaluate with 50ms, 100ms, or 200ms of periodicity.

For CSI process#2, CSI-RS overhead is applied according to the number of reported distinct BIs (denoted by Y) from all active UEs in a site (comprising 3 cells), such that the total CSI-RS overhead including ZP-CSI-RSs per site is Nk · Y.  For example, in case when there are 4 active UEs among which 1 UE reported BI=1 and the other 3 UEs commonly reported BI=3, the number of reported distinct BIs is Y=2, so that the total CSI-RS overhead for CSI process#2 is Nk · 2 in this case. Table 1 summarizes the number of REs for NZP and ZP CSI-RSs per site as well as resulting average CSI-RS overhead (in the unit of REs/RB/subframe) used in the simulations for CSI process#1 and #2. Wideband BI reporting is considered, and another simulation assumption is described in Annex A.
Table 1: CSI-RS overhead assumptions for simulation with Nk = 4
	
	CSI process#1
	CSI process#2

	# of REs for NZP and ZP CSI-RSs
	3 · Nk · K
	Nk · Y

	average CSI-RS overhead (REs/RB/subframe)
	0.24 · K  (for   50ms periodicity)
0.12 · K  (for 100ms periodicity)
0.06 · K  (for 200ms periodicity)
	0.8 · Y


Table 2: Non-full buffer simulation results with K = 8, 16, or 32 CSI-RS resources in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Ratio
	5% UE Throughput (bps/Hz)
	5% UE Throughput Ratio
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	8 beams
	3.880
	-
	1.476
	-
	4.211
	0.16
	1.5

	16 beams
	3.871
	100%
	1.504
	102%
	4.167
	0.15
	

	32 beams
	3.780
	97%
	1.418
	96%
	4.000
	0.16
	

	8 beams
	2.955
	-
	0.762
	-
	2.685
	0.34
	2.5

	16 beams
	2.964
	100%
	0.786
	103%
	2.731
	0.34
	

	32 beams
	2.829
	96%
	0.731
	96%
	2.564
	0.35
	

	8 beams
	2.173
	-
	0.324
	-
	1.717
	0.59
	3.5

	16 beams
	2.204
	101%
	0.351
	108%
	1.770
	0.57
	

	32 beams
	2.053
	95%
	0.308
	95%
	1.606
	0.60
	


50 ms BI periodicity is used for the simulation regarding Table 2. As seen in the table, the 16 vertical beam case shows slightly better performance compared to 8 and 32 vertical beam cases, especially for 5% UEs. For 16 beams compared to 8 beams, throughput increment due to increasing vertical beams is regarded to be superior to the corresponding CSI-RS overhead increment. For 16 beams compared to 32 beams, this tendency is shown to be reversed, in that the throughput increment due to increasing vertical beams is considerably marginal. Therefore, 16 beams can be considered to be sufficient to achieve throughput gains for beamformed CSI-RS based operations.
Proposal 1: Maximum value of K can be 16, based on observing the highest throughput gains for beamformed CSI-RS based operations.
UE’s vertical beam selection result can be reported via BI feedback as in Alt.1. Evaluation results according to different BI feedback periods are given below. CSI process configuration and CSI-RS overhead is assumed as the same method as the above evaluation. For BI periodicity, 50 / 100 / 200ms is used, and 16 vertical beams are used for the following evaluation, considering the highest performance over 8 and 32 beam cases from Table 2.
Table 3: Non-full buffer simulation results for BI periodicity of 50 / 100 / 200ms in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Ratio
	5% UE Throughput (bps/Hz)
	5% UE Throughput Ratio
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	50ms BI period
	3.871
	-
	1.504
	-
	4.167
	0.15
	1.5

	100ms BI period
	3.868
	100%
	1.509
	99%
	4.124
	0.16
	

	200ms BI period
	4.050
	100%
	1.509
	104%
	4.348
	0.15
	

	50ms BI period
	2.964
	-
	0.786
	-
	2.731
	0.34
	2.5

	100ms BI period
	2.982
	102%
	0.803
	100%
	2.740
	0.34
	

	200ms BI period
	3.035
	102%
	0.802
	100%
	2.740
	0.34
	

	50ms BI period
	2.204
	-
	0.351
	-
	1.770
	0.57
	3.5

	100ms BI period
	2.223
	103%
	0.359
	103%
	1.818
	0.57
	

	200ms BI period
	2.251
	106%
	0.371
	100%
	1.778
	0.56
	


As the BI feedback periodicity is increased, overall throughput does not change significantly. It is mainly due to the fact that throughput gains with less CSI-RS overhead can compensate the throughput degradation caused by the increased BI periodicity. In other words, longer BI feedback does not have much impact for the throughput, and considering network and UE complexity, such a long (e.g., 100, 200ms) periodicity for BI feedback would be preferable.
Proposal 2: Long BI feedback periodicity, e.g., 100, 200ms, is observed to be sufficient for beamformed CSI-RS based operations, with overall marginal CSI-RS overhead increment in the considered system.

3. Conclusion
In this contribution, we discussed Class B CSI reporting details with feedback enhancements based on relevant simulation results. The proposals based on the discussion are given as follow:
Proposal 1: Maximum value of K can be 16, based on observing the highest throughput gains for beamformed CSI-RS based operations.

Proposal 2: Long BI feedback periodicity, e.g., 100, 200ms, is observed to be sufficient for beamformed CSI-RS based operations, with overall marginal CSI-RS overhead increment in the considered system.
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References
[1] R1-155394, Further details on Rel-13 CSI process configuration, LG Electronics.
[2] R1-154274, Beamformed CSI-RS related enhancements based on the identified approaches, LG Electronics.

[3] 3GPP TR 36.814: “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”
Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 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) [3]

	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

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook for horizontal PMI feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB. CSI-RS overhead is described in section 2.

	Transmission scheme
	TM10, 2 CSI processes, 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, 50% UE throughput.


PAGE  
1

