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1. Introduction
In RAN1#94bis meeting, the following agreements about CSI enhancement for MU-MIMO support, captured in Chairman’s notes [1], were made especially for overhead reduction and higher rank extension on Type II CSI codebook as:
Agreement 
On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94b.
· Focus on proposals based on linear combination codebook as in Rel-15
· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category

Agreement
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out
 


[bookmark: _GoBack]The Type II CSI codebook has been agreed to study the extension of supported up to rank 4 considering payload issue. Then, in this contribution, we discuss higher rank support on Type II CSI codebook for Rel-16 NR MIMO in an efficient manner.

2. Discussions on higher rank design for Type II CSI
In NR Rel-15, Type II CSI was designed based on the assumption that one or two layers per UE are sufficient in case of MU-MIMO. Also, since Type II CSI is based on the advanced CSI in LTE, RAN1 was well aware of payload issues when increasing rank. For those reasons in NR Phase 1, current specification supports Type II CSI reporting up to rank 2. 
According to such restriction on rank, MU-MIMO performance as well as SU-MIMO performance can be limited by the maximal reporting rank 2 especially for UEs with the high geometry [2][3]. Since NR considers deployment scenarios such as Indoor Hotspot and dense urban which normally provides good geometry, supporting higher rank for Type II CSI reporting is quite beneficial for NR. In the following Figures, we provide simulation results to show the performance gain by increasing ranks. 
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Figure 1. MU-MIMO Performance comparison between max layer 2 and 4 per UE
Figure 1 presents the MU-MIMO performance comparison between max layer 2 and 4 per UE with various CSI reporting methods. By comparing ideal CSI reporting cases utilizing SVD as a potential gain, we observe the 37% and 33% mean UE throughput gain for Dense Urban and Indoor hotspot, respectively. Also, it is observed that significant performance gain for 95% UE throughput which means cell-centered UE may have high probability for achieving rank 4, while the slight performance loss for 5% UE with max layer 4. Note that, in case of non-ideal CSI reporting with max layer 4, all the UE throughput can be enhanced by utilizing orthogonal constraint between layers, where the beams for the third and fourth layers are selected in the orthogonal space of the first and second layers. In Figure 2, we also compare the SU-MIMO performance for higher rank support. As shown in the plot, significant performance gain for both mean UE and 5% UE throughput is obtained.
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Figure 2. SU-MIMO Performance comparison between max layer 2 and 4 per UE

Observation 1. By increasing maximal supported layer from 2 to 4 per UE, it is observed that the 37% and 33% mean UE throughput gain for Dense Urban and Indoor hotspot (12 Site) can be potentially attained, respectively.
Observation 2. By increasing maximal supported layer from 2 to 4 per UE, it is observed that significant performance gain for 95% UE and slight performance loss for 5% UE for Dense Urban and Indoor hotspot (12 Site) can be obtained by considering orthogonality between the layers, respectively. 
Observation 3. By increasing maximal supported layer from 2 to 4 per UE, significant performance gain for both mean UE and 5% UE can be obtained in case of SU-MIMO scenario.
Proposal 1: To improve the MU-MIMO as well as SU-MIMO performance, Type II CSI reporting should be supported up to rank 4.

Proposal 2: For the efficient design on higher rank Type II CSI codebook, layer orthogonality should be considered.





3. Conclusion
In this contribution, we discuss the design of the higher rank Type II CSI codebook in order to efficiently support MU-MIMO. Based on the discussion above, we have following observations and proposals as: 
Observation 1. By increasing maximal supported layer from 2 to 4 per UE, it is observed that the 37% and 33% mean UE throughput gain for Dense Urban and Indoor hotspot (12 Site) can be potentially attained, respectively.
Observation 2. By increasing maximal supported layer from 2 to 4 per UE, it is observed that significant performance gain for 95% UE and slight performance loss for 5% UE for Dense Urban and Indoor hotspot (12 Site) can be obtained by considering orthogonality between the layers, respectively. 
Observation 3. By increasing maximal supported layer from 2 to 4 per UE, significant performance gain for both mean UE and 5% UE can be obtained in case of SU-MIMO scenario.
Proposal 1: To improve the MU-MIMO as well as SU-MIMO performance, Type II CSI reporting should be supported up to rank 4.

Proposal 2: For the efficient design on higher rank Type II CSI codebook, layer orthogonality should be considered.
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Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz), ISD=200m and 500m, Indoor Hotspot (4GHz, 12 Site)

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 32ports=(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
Indoor Hotpost (12 Site): 32 ports=(4,4,2,1,1,4,4), (dH,dV) = (0.5, 0.5)λ

	MS antenna configurations 
	4 Rx X-pol (0/+90)

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (52RBs) 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	UE speed
	3km/h for indoor, 30km/h for outdoor 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU)

	Receiver
	Non-ideal channel estimation and interference modeling
LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with rank adaptation 

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput.

	Overhead
	PDCCH (2 symbols), TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms
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