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1 Introduction

In previous RAN1 meeting, the following agreements have been achieved [1].

· Type I single-panel (SP):
· Rank 1-2: With L=1 and 4 (but one pattern only, instead of 3 in Rel.14 LTE), rank 2 uses orthogonal beams (similar to Rel.13 LTE rank 3-4)
· Rank 3-4: With L=1 only, LTE-like design for <16 ports, LTE-like design with enhanced co-phasing across orthogonal beams for ≥16 ports
· Rank 5-8: With L=1 only, fixed orthogonal beams
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  for rank-R (R=3,4)
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In this contribution, we discuss the remaining issues for Type I codebook.
2 Discussion

According to the agreement, much of the features of LTE Rel. 13/14 Class A codebooks have been inherited, while only one beam pattern configuration are now available to subband beam selection in rank 1-2, and wideband beam selection for other ranks. However, for rank 3-4, deviation has been observed from LTE-like design for <16 ports to enhanced co-phasing across orthogonal beams for ≥16 ports.
In order to gain a thorough understanding on currently agreed NR Type I codebooks, comparing to the LTE Rel. 13/14 Class A codebooks, extensive evaluations have been performed as shown below. Details of simulation parameters can be found in Appendix A.
2.1 Rank 2 codebook
As shown in Figure 1 and Figure 2, minor Mean UPT Gain performance loss has been observed for NR Type I Rank 2 codebook. The observed performance is reasonable, since the overall payload size decreases in NR, i.e. it increases the wideband payload from 1 bit to 2 bits, while reduces the subband payload from 2 bits to 1bit, as compared to that of LTE Rel-13/14 Class A codebook.
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Figure 1. Rank 2 codebook performance, 70% RU.
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Figure 2. Rank 2 codebook performance, 50% RU.
Observation 1: Minor Mean UPT Gain performance loss has been observed for NR Type I Rank 2 codebook.
2.2 CSI reporting configurations
2.2.1 Type I codebook payload size
According to the agreed NR Type I codebook, the typical payload size of each codebook is shown in Table 1, and a sample payload overhead for 10-subband reporting is shown in Table 2, where the typical values for calculating the payload size is shown in Table 3.
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Table 1. Typical payload size of NR Type I codebook vs. LTE Rel-13/14 codebook

Number

of

CSI-RS

L

Rank1 Rank2 Rank3 Rank4

LTE Rel-13/14 NR Type I LTE Rel-13/14


[image: image8.emf]8

12

16

24

32

8

12

16

24

32

Number

of

CSI-RS

ports

Table 2. Sample payload overhead of 10-subband reporting
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8 (2,2) (4,4)

12 (3,2) (4,4)

16 (4,2) (4,4)

24 (4,3) (4,4)

32 (4,4) (4,4)

Table 3. Typical values for calculating the payload size.


From the above tables, near the same payload size is found for Rank 1, 3 and 4, except for Rank 2 codebook where the payload size of NR Type I is smaller than that of LTE Rel-13/14 Class A codebook. However, for Rank 5-8, the payload size of NR Type I is larger than that of LTE Rel-13/14 Class A codebook, due to newly introduced subband co-phasing reporting.
Observation 2: The following can be found for NR Type I codebook as compared to LTE Rel-13/14 Class A codebook
· Near the same payload size for Rank 1, 3 and 4

· Smaller payload size for Rank 2
· Larger payload size for Rank 5-8
2.2.2 PMI feedback type
NR supports the periodic/semi-persistent/aperiodic CSI reporting. Due to its relatively lower payload size, Type I PMI feedback is suitable for periodic CSI reporting, where the detailed configuration of the CSI content should be differentiated, according to the available PUCCH formats, such as short duration or long duration PUCCH. On the other hand, for semi-persistent/aperiodic CSI reporting, which is most likely to be reported over the PUSCH, Type I PMI feedback can be configured with larger payload size available.
The CSI reporting via short duration PUCCH should be considered mainly for link monitoring purpose. For this purpose, coarse CSI report, with low precision spatial and/or frequency channel information, is sufficient. For the coarse spatial channel information, a measurement from the CSI-RS resource with reduced number of ports is adequate. For the coarse frequency-domain channel information, a wideband report is adequate, instead of subband or partial bandwidth report. The other benefit of measuring and reporting the coarse channel information is that it leads to low computational complexity at UE, and provides good PUCCH coverage by restricting the feedback overhead.
Moreover, since the short duration PUCCH reporting is mainly contained in a single slot with limited overhead, the support for multiple slot reporting is not necessary.
Given larger payload size available via long duration PUCCH, a full CSI report may be considered. Options such as codebook subset restriction and multiple-slot reporting may be considered to further reduce the overhead.

The codebook subset restriction selects a subset from the codebook for the UE to report PMI, thus reduces the PMI feedback overhead. There is a tradeoff between the reduced PMI feedback overhead and the feedback resolution, especially for the increased number of ports in NR.

The multiple-slot reporting spread a CSI report into multiple slots, thus to keep the feedback overhead within each slot acceptable.
Proposal: NR to support the following Type I PMI feedback type
· Wideband PMI for periodic CSI reporting

· Subband/wideband PMI for semi-persistent/aperiodic CSI reporting
3 Conclusions

In this contribution, we discuss the remaining issues for Type I codebook. The observations and proposals are summarized as follows

Observation 1: Minor Mean UPT Gain performance loss has been observed for NR Type I Rank 2 codebook.
Observation 2: The following can be found for NR Type I codebook as compared to LTE Rel-13/14 Class A codebook

· Near the same payload size for Rank 1, 3 and 4

· Smaller payload size for Rank 2

· Larger payload size for Rank 5-8
Proposal: NR to support the following Type I PMI feedback type
· Wideband PMI for periodic CSI reporting

· Subband/wideband PMI for semi-persistent/aperiodic CSI reporting
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Appendix A. 
	Table A. Simulation Parameters

	Parameters
	Values

	Number of Cells
	57

	Duplex mode
	FDD

	Inter-BS distance 
	500m/200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	SCM-3D-UMa/UMi

	BS Tx power 
	46dBm/41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) =  (8, 8, 2, 1, 1); (dV,dH) = (0.8, 0.5)λ. 

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (1, 2, 2, 1, 1), (2, 2, 2, 1, 1), (2, 4, 2, 1, 1), (2, 8, 2, 1, 1)

	BS antenna height 
	25m/10m

	UE receiver noise figure
	9dB

	UE antenna configurations 
	4Rx, Cross-polarized with 0, 90deg

	UE antenna height
	1.5m

	Traffic model
	FTP model 1, 500KB packet size

	Traffic load (Resource utilization)
	50%, 70%

	UE receiver type
	MMSE-IRC

	MIMO mode 
	MU-MIMO


(Note: For 4 TXRU case, an LTE Rel-13/14 Class A like codebook is used as a reference.)
Appendix B.
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3D-UMa

Codebook 4 TXRU 8 TXRU 16 TXRU 32 TXRU

Rel-13/14 0.00% 0.00% 0.00% 0.00%

NR Type I -0.74% -1.94% -2.22% -4.36%

3D-Umi

Codebook 4 TXRU 8 TXRU 16 TXRU 32 TXRU

Rel-13/14 0.00% 0.00% 0.00% 0.00%

NR Type I -2.76% -3.97% -2.81% -2.62%

(3D-UMi)

Table B-1. Mean UPT throughputs, rank 2 codebooks, 70% RU

(3D-UMa)
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3D-UMa

Codebook 4 TXRU 8 TXRU 16 TXRU 32 TXRU

Rel-13/14 0.00% 0.00% 0.00% 0.00%

NR Type I -3.20% -2.73% -1.39% -1.61%

3D-Umi

Codebook 4 TXRU 8 TXRU 16 TXRU 32 TXRU

Rel-13/14 0.00% 0.00% 0.00% 0.00%

NR Type I -2.59% -3.34% -2.36% -2.25%

(3D-UMi)

Table B-2. Mean UPT throughputs, rank 2 codebooks, 50% RU

(3D-UMa)


