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Introduction
At the RAN1 #82 meeting, there were intensive discussion on the design of CSI measurement and feedback for elevation BF and FD-MIMO [1]. It was agreed that Rel. 13 CSI reporting with PMI supports two different classes (class A and B), which mainly target at CSI reporting for non-precoded and beamformed CSI-RSs, respectively. Followings show four alternative implementations of class B CSI report.
· 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)
One of the key issues to determine on class B is the applicable number of beams per CSI process, i.e., the BI bitwidth.  In this contribution, we show our system-level simulation results and clarify necessary number of beams for a cell-specific BF CSI-RS. 
Beamformed CSI-RS Based Enhancement
Following steps and Fig. 1 show beamformed CSI-RS based transmission scheme considered in this paper. 
· Step 1: eNB transmits multiple BF CSI-RSs to cover entire cell (cell-specific BF CSI-RSs)
· Step 2: UE selects a preferred beam and feeds back as a beam index (BI) (possibly together with its CSI)
· Step 3: eNB transmits CSI-RS beamformed by the selected beam (UE-specific BF CSI-RS)
· Step 4: UE feeds back CSI, i.e., RI, PMI and CQI, which is derived based on the UE-specific BF CSI-RS
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Figure 1: Beamformed CSI-RS based scheme
We apply a stepwise CSI acquisition scheme using cell-specific and UE-specific BF CSI-RSs as detailed procedure shown in our previous contribution [4661]. For beamformed CSI-RS based scheme with a large number of TXRUs, it is very important to reduce the CSI-RS overhead. For this reason, cell-specific BF CSI-RSs can be transmitted less frequently and utilized for tracking long-term channel characteristics. Additionally, UE-specific BF CSI-RS is transmitted only towards selected beam direction and obtains short-term channel characteristics, based on additional CSI feedback from the UE.
Performance Evaluation 
In this evaluation, we clarify required number of cell-specific BF CSI-RSs for different eNB antenna configuration, i.e., the number of antenna elements and TXRUs. Major evaluation assumptions are summarized in Table A. We assume 3D-UMi environment with the eNB antenna configuration (M, N, Q) of (8, 4, 16), (8, 4, 32) and (16, 4, 64) with cross-polarized antenna (P = 2). Subarray partitioning is applied to map multiple adjacent vertical antenna elements to a single TXRU. The BI and PMI represent vertical and horizontal precoding, respectively, i.e., multiple cell-specific BF CSI-RSs are transmitted with different vertical tilting angles with the number of APs per beam equals to 8. The number of cell-specific BF CSI-RSs is parameterized in the simulation with the oversampling factor varying from 1 to 4, which is defined as NCSI-RS/NV-TXRU, where NCSI-RS and NV-TXRU represent the number of cell-specific BF CSI-RSs and the number of TXRUs in the vertical domain, respectively. Finally, Table 1 shows evaluation results. Note that the best performance among different oversampling factor is colored in red.
Table 1: Impact of the number of beams for beam selection
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From the results, for all antenna configurations and traffic conditions, the oversampling factor of 2 and 4 achieves significant gain compared to that for the oversampling factor of 1. For instance, the mean throughput gain of oversampling factor of 2 compared to that of 1 is in the range of 7.4 – 37.0 % for high traffic cases. On the other hand, the mean throughput gain of oversampling factor of 4 compared to that of 2 is in the range of -3.6 – 1.1 % for high traffic cases. This is because the scheme, presented in this paper, effectively suppresses CSI-RS overhead as explained in the previous section. As a result, considering the possible eNB antenna configurations in this WI, 3 bits are at least necessary for the number of feedback bits on BI.
Observation: Optimal oversampling factor for vertical cell-specific BF CSI-RS is 2 or 4.
Proposal: The number of feedback bits for beam index should be 3.
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Summary
In this contribution, we showed our system-level simulation results and clarify necessary number of beams for cell-specific BF CSI-RS. Based on the discussion, we made the following observation and proposal.
Observation: Optimal oversampling factor for vertical cell-specific BF CSI-RS is 2 or 4.
Proposal: The number of feedback bits for beam index should be 3.
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	Parameter
	Values

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

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, Q) = (8, 4, 16), (8, 4, 32), (16, 4, 64); P = 2; (dH, dV) = (0.5 , 0.8 ); etilt = 100 deg.

	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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Traffic

(M, N, Q) (8, 4, 16) (8, 4, 32) (16, 4, 64) - reference

Oversampling factor

(Num. of V-beams)

1 (2) 2 (4) 4 (8) 1 (4) 2 (8) 4 (16) 1 (8) 2 (16) 4 (32)

Low

UPT

(Mbits/s)

Mean 32.49 35.61 35.34 36.74 37.54

37.57 39.34  39.24  39.82

50% 30.84 35.55 35.55 38.13 39.57

39.57 41.94  41.94  42.80

5% 9.69 12.26 11.40 12.48 13.49

13.27  14.87  14.87  15.65

Resulting RU 0.221 0.192 0.201 0.184 0.181

0.184 0.168  0.167  0.166

Medium

UPT

(Mbits/s)

Mean 20.30 24.55 25.52 25.95 27.10

27.44 30.52  30.71  31.46

50% 16.01 20.66 22.31 22.55 23.97

24.25 28.34  28.15  29.54

5% 4.00 6.03 5.81 6.36 6.86

7.11 8.81  9.36  9.87

Resulting RU 0.514 0.436 0.419 0.406 0.390

0.387  0.354  0.347  0.338

High

UPT

(Mbits/s)

Mean 14.36 19.68 19.44 20.52 22.61

22.86 25.93  27.86 26.87 

50% 10.08 15.42 15.25 16.38 18.64

18.89 22.55  24.97 23.56 

5% 2.453 3.88 3.62 4.52 5.05

5.09 6.42  7.61  7.65

Resulting RU 0.693 0.570 0.579 0.549 0.516

0.514  0.457  0.427 0.448 


image1.emf

