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1. Introduction
In RAN #80 meeting, a new WI on MIMO enhancement has been approved [1]. Following objective is included in the WI.
	· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  



[bookmark: _GoBack]In this contribution, we discuss the Type II CSI feedback and potential overhead reduction methods. The evaluation results of Type II codebook for higher rank transmission are also provided.
2. Type II CSI feedback overhead
In Rel-15, Type II codebook design supports following features:
· Support up to 4 orthogonal beams combination for each layer 
· Support up to Rank 2 codebook design
· Support both WB and SB beam amplitude and phase reporting
The Type II CSI feedback overhead is impacted by many factors, such as the number of reported beams, the WB or WB+SB amplitude feedback, and phase quantization with QPSK or 8PSK. An example of payload calculation agreed in [2] is shown in Table 2-1 below.
Table 2-1: Overhead calculation for Type II CSI feedback
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Based on the Table 2-1, it is observed that the feedback overhead of Type II CSI is largely increased for higher rank or higher number of combined beams. In addition, the major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude. For instance, for case of Rank=1 and L=2, percentage of overhead for sub-band amplitude reporting is approximately 21%. This ratio goes up to 85% when consider both amplitude and phase reporting for sub-bands. Therefore, Type II CSI feedback overhead can be reduced by restricting the sub-bands to be reported. Such restriction can be realized by RRC signaling configuration for sub-band reporting or by UE omission of some sub-band reporting according to predefined rules. Such predefined rules should take frequency-domain correlation of sub-bands into account, so that the NW could derive the amplitude or phase via interpolation for those sub-bands not reported. In addition to sub-band restriction, more flexible rules to omit the phase reporting or amplitude reporting for certain sub-bands can be further studied. Based on UE omission of sub-band reporting method in Rel-15, omission of finer granularity for sub-band reporting or more flexible rules for phase or amplitude omission per sub-band reporting can be considered in Rel-16.
Observation 1
· The major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude.
Proposal 1
· Rel-16 can consider omission of finer granularity sub-band reporting or flexible phase/amplitude omission per sub-band reporting at UE to reduce the Type II CSI feedback overhead.

3. Type II codebook for higher rank transmission
In Rel.15, Type II codebook supports up to 2 layers. However, rank 4 transmission is one typical operation not only for SU-MIMO but also for MU-MIMO transmissions. The supported rank can be higher especially for sub-6 GHz operation. In this section, system level simulation is conducted to verify the effectiveness of Type II CSI for higher rank (rank 3-4) MU-MIMO transmissions. In the evaluation, transmission rank is restricted to 3 or 4 only, and Type II codebook in Rel-15 is reused. The maximum number of downlink transmission layers is 12, and maximum MU number is 4. For each UE, the maximum number of downlink transmission layers is 4. Other detailed simulation assumptions are given in appendix. The evaluation results are shown in Figure 3-1 and 3-2 for rank 3 only and rank 4 only, respectively. For ideal feedback, the first eigenvector of channel covariance matrix is fed back without quantization.
From the evaluation results, it is observed that compared to Type I codebook, Type II codebook achieves 17%~19% performance gain for rank 3 transmission, and 24%~30% performance gain for rank 4 transmission. In addition, further increasing the number of combined beams, e.g., L>4, for Type II codebook brings limited gains. We think it is because the quantization errors on amplitude and phase have large impact on the accuracy of the reconstructed channel, even with larger beam number. It can also explain the big gap in performance between quantization feedback and ideal feedback without quantization.
Since Type II CSI achieves significant performance gain over Type I CSI for rank 3 or rank 4 transmission, it is proposed that NR should extend type II codebook design for rank 3 and 4.
Observation 2
· Type II CSI achieves significant performance gain over Type I CSI for rank 3 or rank 4 transmission.
Proposal 2
· NR should extend type II codebook design for rank 3 and 4 in Rel-16.


Figure 3-1 Performance comparison between Type I and Type II for rank 3 only

Figure 3-2 Performance comparison between Type I and Type II for rank 4 only

4. Summary
In this contribution, we discuss the potential enhancements for Type II CSI feedback overhead reduction and codebook design for higher rank transmission. Based on the discussion, we have the following observations and proposals.
Observation 1
· The major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude.
Observation 2
· Type II CSI achieves significant performance gain over Type I CSI for rank 3 or rank 4 transmission.
Proposal 1
· Rel-16 can consider omission of finer granularity sub-band reporting or flexible phase/amplitude omission per sub-band reporting at UE to reduce the Type II CSI feedback overhead.
Proposal 2
· NR shall extend type II codebook design for rank 3 and 4 in Rel-16.

References
[1]	3GPP RAN#80, RP-181453, “WI Proposal on NR MIMO Enhancements”, June 2018
[2]	3GPP RAN1#89, R1-1709232, “ WF on Type I and II CSI codebooks”, May, 2017
Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions.
	Parameter
	Values

	Scenarios
	NR Urban macro

	Traffic model
	Full buffer/sum rate

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (Downlink)

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),
(dH, dV) = (0.5, 0.8) 
(N1,N2)= (4,4)

	UE antenna configurations
	(M, N, P) = (1, 1, 8)

	UE number per TRP
	10 

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 

	UE antenna pattern
	Omni-directional

	UE velocity
	20% Outdoor in cars: 3km/h,
80% Indoor in houses: 3km/h

	UE receiver
	MMSE-IRC

	Scheduler
	Multi-user PF scheduler

	Maximum MU number
	12

	Maximum DL transmission layers
	12

	Maximum transmission layer per UE
	4

	Oversampling factor
	(N1, N2) = (4, 4), (O1, O2) = (4, 4)



Performance comparison between Type I and Type II (rank 3 only)
Type I	Type II (L=4)	Type II (L=6)	Type II (L=8)	Ideal	1	1.1670271333071176	1.1756783326779394	1.1948486040110105	1.582874557609123	
performance gain


Performance comparison between Type I and Type II (rank 4 only)
Type I	Type II (L=4)	Type II (L=6)	Type II (L=8)	Ideal	1	1.2360979472351861	1.2776091468608652	1.2958452808004701	1.7309930294777507	
performance gain
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(N4,N,) = (4,4), Z=3 (8-PSK phase), for K leading coefficients

Strongest
- . | SB phase (1 SB):
Rotation: L-beam coefficient (1] WB amp: Total WB SB amp (1 SB): Zx(K—1)+ Total payload
L (*) . out of 2L): |3 x (2L —1) 1x (K—1) per
[log, (010,)]]| selection (**) payload 2% (2L —K) per | (WB+ 10 SBs)
[log, 2L] per | per layer layer
layer

layer
2 4 [7 or 8] 2 9 22 3 9 142
3 4 [10 or 12] 3 15 32 3 13 192
4 4 11 or 16 3 21 39 5 19 279
2 4 [7 or 8] 4 18 33 6 18 273
3 4 [10 or 12] 6 30 50 6 26 370
4 4 [11 or 16] 6 42 63 10 38 543
(*) Note:
« K=4, 4, and 6 for L=2, 3, and 4, respectively

(wB)

« In this example (for illustrative purposes), it is assumed that all p

7L

> 0. The PMI payload is reduced when pﬁf’{ig) = 0. Details FFS.

(**) Note: It is FFS if beam selection is signaled jointly using [log2 (”1”2)] bits vs. independently using log, (N; N,) bits per beam; only one approach
will be specified. This example uses [log2 (”1”2)] bits to calculate total WB payload and total payload.





