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1. Introduction
In RAN1#96bis meeting, following agreement regarding N3 value for Rel-16 Type II CSI is captured in the chairman’s note as:
Agreement
On the value of N3 for (N3=NSB×R)>13:
· For Alt1: 
· Identify alternatives for padding schemes in RAN1#97 (Reno)
· Select one from the alternatives for padding scheme by RAN1#98 (Prague)
· For Alt2: 
· Identify alternatives in RAN1#97 (Reno)
· Select one from the alternatives by RAN1#98 (Prague)

In this contribution, we provide our evaluation results for N3 value with various schemes. 

2. Discussions on N3
In order to reduce the overhead for Type II CSI, DFT-based compression has been introduced. In this codebook framework, precoders for a layer is given by size-matrix

where ,  is the size of frequency domain, is size-matrix,  is the number of combining beams and  is the number of columns in. 
Due to some UE implementation issues, there is a proposal that DFT size for N3 is smallest multiple of 2, 3, or 5 which is . Thus, if , there is vector length mismatch. To alleviate this issue, padding scheme can be considered. According to current RRC configuration, max value of  can be 2, so following padding cases can be considered as in Figure 1. For the padding scheme, we may consider zero-padding, based on inter/extra-polation, and just reusing the same CSI measurement (copy) in the nearest FD unit. 
For the evaluation, it is assumed that 16-port CSI-RS and low and medium traffic load. Also, UE is equipped with 2 Rx antenna ports, so that maximum rank can be 2, respectively. For payload comparison, we assume parameter in the simulation. Other simulation assumptions are listed in Annex. For the performance comparison, following 3 padding schemes are considered. 
· Reference: always assumes N3=NSB*R 
· Scheme 1: applies zero-padding in the last FD unit 
· Scheme 2: uses the same CSI measurement of the nearest FD unit for the first FD unit 
· Scheme 3: uses the same CSI measurement of the nearest FD unit for the last FD unit 
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Figure 1. Examples of padding location in frequency domain

   Figure 2 and 3 represent the simulation results for 10MHz and 20MHz, respectively. In Figure 2, we assume 55RB system with15 kHz subcarrier spacing and R=1, thus NSB =14 and N3 for padding scheme 1, 2 and 3 is 15. In Figure 3 considers 52RB system with 30 kHz subcarrier spacing and R=2, thus NSB*R =26 and N3 for padding scheme 1, 2 and 3 is 27. 
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Figure 2. Average UPT results for 10MHz
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Figure 3. Average UPT results for 20MHz

Based on the evaluation results, we have following observations as:

Observation 1. Compared to reference scheme which always assume N3=NSB, marginal performance loss (up to 3% and 1% for 10MHz and 20MHz, respectively) in terms of average UPT is observed. 
Observation 2. Among the padding schemes, Scheme 1 (zero-padding at the last FD unit) provides slightly better performance. 

Proposal 1. Support Alt 1 with Scheme 1 (zero-padding at the last FD unit(s)) on the value of N3 (>13). 


3. Conclusion
In this contribution, we discuss the Type II CSI enhancement in order to efficiently support MU-MIMO. Based on the discussion above, we have following observations and proposal as: 
Observation 1. Compared to reference scheme which always assume N3=NSB, marginal performance loss (up to 3% and 1% for 10MHz and 20MHz, respectively) in terms of average UPT is observed. 
Observation 2. Among the padding schemes, Scheme 1 (zero-padding at the last FD unit) provides slightly better performance. 

Proposal 1. Support Alt 1 with Scheme 1 (zero-padding at the last FD unit(s)) on the value of N3 (>13). 
Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz with 15/30 kHz SCS), ISD=200m

	BS Tx Power
	41 dBm for 10MHz, 44 dBM for 20 MHz

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 16ports=(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

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

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (55RBs), SB size = 4RBs, 20MHz (52RBs), SB size = 4RBs 

	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 (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 vs. feedback overhead

	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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