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Introduction
The following agreement was made in RAN1#94bis [1].
	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


This contribution provides simulation results for the rank 3-4 Type II CSI codebook proposed in the companion contribution [2]. This contribution is a revision of R1-1810890.
Simulation results for rank 3-4 Type II CSI
For performance evaluation, the non-full-buffer system-level evaluation is carried out for UMi channel model in low (20% target RU) traffic loading scenario, and SU-MIMO is considered in the simulation. The results are provided for 16 antenna ports with (N1, N2) = (4, 2), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 2 in Appendix. 
The simulation results for different rank 3-4 Type II CSI codebook alternatives/schemes discussed in [2] are provided. In particular, the following alternatives are compared.
· [bookmark: _Ref446598642]Alt 0 (no R34): Type II CSI reporting is restricted up to rank 2. This is the current (Rel. 15) solution. 
· Alt 1 (Type I R34): Similar to Rel. 14 advanced CSI codebook, Type I rank > 2 codebooks are used to report rank > 2 Type II CSI. 
· Alt 2 (Type II extn.): The Rel. 15 rank 2 Type II CSI codebook design is extended to rank > 2. 
· Alt 3 (proposed in [2]): The rank 3-4 CSI payload is comparable to rank 2 CSI payload. The following schemes are compared. The details of the scheme can be found in [2].
· Scheme 0: Unequal #beams across layers
· Scheme 1: Unequal #coefficients across layers.
The results are provided in Figure 1 for L = 2, 3, and 4, where Alt 0 (no R34) with L = 2 is considered as reference. The per SB payload and rank distribution of these alternatives/schemes are shown in Table 1 and Figure 2, respectively. We can observe the following.
Observation 1:
· The significantly large percentage of UEs report rank 3-4 CSI. In particular, the order of Alt 0-3 based on the increasing percentage of rank 3-4 CSI is as follows: Alt 0 < Alt 1 < Alt 3, Scheme 0 < Alt 3, Scheme 1 < Alt 2.
· For L = 2, Alt 2 and Alt 3 are identical, hence show identical performance, and performance gap between Alt 1 and Alt 2-3 is small (~3%).
· The performance gap between Alt 1 (Type I R34) and Alt 2 (Type II extn) is large: ~ 20% for L = 4. The SB overhead of Alt 2 (Type II extn), however, is large: 84 bits/SB for rank 4, which is 2 times of rank 2.
· The proposed scheme (Alt 3, Scheme 0 and 1) achieves good performance vs. overhead trade-off.
· The payload is comparable (≤) to rank 2. 
· The performance is close to Alt 2 (Type II extn.).
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[bookmark: _Ref525829877]Figure 1: Average UPT performance for different candidate rank 3-4 codebooks
[bookmark: _Ref525832531]Table 1: Per SB payload (phase only) in bits
	Rank
	Scheme
	SB payload (phase)

	1
	
	21

	2
	
	42

	3
	Alt 0: no R34
	0

	
	Alt 1: Type I R34
	1

	
	Alt 2: Type II extn
	63

	
	Alt 3: Scheme 0 (uneq #beams)
	39

	
	Alt 3: Scheme 1 (uneq #coefficients)
	42

	4
	Alt 0: no R34
	0

	
	Alt 1: Type I R34
	1

	
	Alt 2: Type II extn
	84

	
	Alt 3: Scheme 0 (uneq #beams)
	36

	
	Alt 3: Scheme 1 (uneq #coefficients)
	42




[bookmark: _Ref525832669]Figure 2: Rank distribution

Conclusions
In this contribution, simulation results are provided for the rank 3-4 Type II CSI codebook design proposed in [2]. The observations made are summarized as follows. 
Observation 1:
· The significantly large percentage of UEs report rank 3-4 CSI. In particular, the order of Alt 0-3 based on the increasing percentage of rank 3-4 CSI is as follows: Alt 0 < Alt 1 < Alt 3, Scheme 0 < Alt 3, Scheme 1 < Alt 2.
· For L = 2, Alt 2 and Alt 3 are identical, hence show identical performance, and performance gap between Alt 1 and Alt 2-3 is small (~3%).
· The performance gap between Alt 1 (Type I R34) and Alt 2 (Type II extn) is large: ~ 20% for L = 4. The SB overhead of Alt 2 (Type II extn), however, is large: 84 bits/SB for rank 4, which is 2 times of rank 2.
· The proposed scheme (Alt 3, Scheme 0 and 1) achieves good performance vs. overhead trade-off.
· The payload is comparable (≤) to rank 2. 
· The performance is close to Alt 2 (Type II extn.).
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Appendix
[bookmark: _Ref525812457]Table 2: Simulation assumptions
	Parameters
	Value

	Simulation Type
	FTP1, 20% RU, Packet size = 500 kB

	Channel model
	UMi-2GHz

	Number of gNB (H,V) antenna elements, (M,N,P)
	(8,4,2), subarray partition, 100° downtilt

	(N1,N2), 1st dim = horizontal
	16 ports: (4,2) 

	gNB (H,V) antenna spacing
	(0.5, 0.8)λ

	gNB/UE antenna polarizations
	gNB: (+45°,-45°); UE: (0°, 90°)

	Number of UE antennas
	4, dual-pol, (N1,N2) = (2,1), 0.5λ spacing 

	SU/MU pre-coding
	CB based

	Scheduling
	SU based on PF metric

	Channel estimation
	Non-ideal

	Transmission rank (per UE)
	1,2,3,4

	Receiver
	MMSE-IRC

	CSI schemes
	Ref: Rank 1-2 only
Candidate schemes: for rank > 2 Type II CSI

	Overhead
	DMRS, CSI-RS, PDCCH 



Average UPT

R1	
L=2, 4Rx, no R34	L=2, Type I R34	L=2, Type II extn	L=2, Proposed Scheme 0	L=2, Proposed Scheme 1	L=3, 4Rx, no R34	L=3, Type I R34	L=3, Type II extn	L=3, Proposed Scheme 0	L=3, Proposed Scheme 1	L=4, 4Rx, no R34	L=4, Type I R34	L=4, Type II extn	L=4, Proposed Scheme 0	L=4, Proposed Scheme 1	Ideal	1	1.1564287122855454	1.1853677775586671	1.1853677775586671	1.1853677775586671	1.0105008873989352	1.1717609938868077	1.3099733780319465	1.2557187931374485	1.2688079274304873	1.0159238808913429	1.1751380398343523	1.3705137053835537	1.2699664760402289	1.3011486886215737	1.5042644448826663	


R1	L=2, 4Rx, no R34	L=2, Type I R34	L=2, Type II extn	L=3, 4Rx, no R34	L=3, Type I R34	L=3, Type II extn	L=3, Proposed Scheme 0	L=3, Proposed Scheme 1	L=4, 4Rx, no R34	L=4, Type I R34	L=4, Type II extn	L=4, Proposed Scheme 0	L=4, Proposed Scheme 1	Ideal	7.3599999999999999E-2	8.2600000000000007E-2	9.5100000000000004E-2	5.5800000000000002E-2	6.2199999999999998E-2	6.7500000000000004E-2	6.3600000000000004E-2	7.4700000000000003E-2	4.8399999999999999E-2	5.2699999999999997E-2	5.7599999999999998E-2	6.8500000000000005E-2	5.5800000000000002E-2	5.1999999999999998E-2	R2	L=2, 4Rx, no R34	L=2, Type I R34	L=2, Type II extn	L=3, 4Rx, no R34	L=3, Type I R34	L=3, Type II extn	L=3, Proposed Scheme 0	L=3, Proposed Scheme 1	L=4, 4Rx, no R34	L=4, Type I R34	L=4, Type II extn	L=4, Proposed Scheme 0	L=4, Proposed Scheme 1	Ideal	0.9264	0.6492	0.54200000000000004	0.94420000000000004	0.6966	0.41760000000000003	0.52380000000000004	0.46339999999999998	0.9516	0.71199999999999997	0.38369999999999999	0.52969999999999995	0.48299999999999998	0.27839999999999998	R3	L=2, 4Rx, no R34	L=2, Type I R34	L=2, Type II extn	L=3, 4Rx, no R34	L=3, Type I R34	L=3, Type II extn	L=3, Proposed Scheme 0	L=3, Proposed Scheme 1	L=4, 4Rx, no R34	L=4, Type I R34	L=4, Type II extn	L=4, Proposed Scheme 0	L=4, Proposed Scheme 1	Ideal	0.16789999999999999	0.33100000000000002	0.1424	0.3876	0.3216	0.37159999999999999	0.1331	0.36080000000000001	0.29099999999999998	0.34139999999999998	0.2712	R4	L=2, 4Rx, no R34	L=2, Type I R34	L=2, Type II extn	L=3, 4Rx, no R34	L=3, Type I R34	L=3, Type II extn	L=3, Proposed Scheme 0	L=3, Proposed Scheme 1	L=4, 4Rx, no R34	L=4, Type I R34	L=4, Type II extn	L=4, Proposed Scheme 0	L=4, Proposed Scheme 1	Ideal	0.1003	3.1899999999999998E-2	9.8799999999999999E-2	0.1273	9.0999999999999998E-2	9.0200000000000002E-2	0.1023	0.1978	0.1109	0.11990000000000001	0.39829999999999999	
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