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1. Introduction

In RAN1#88bis, agreements regarding UL MIMO transmission are captured as

Agreements:

· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

Also, in RAN1#90bis, agreements regarding UL MIMO transmission are captured in Chairman’s note as 
Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI

FFS for 2 stage DCI

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

Alt 1: Rel-10 UL, possibly with additional entries: 

Alt 2: Rel-15 DL, possibly with additional entries: 

Alt 3: Rel-8 DL, possibly with additional entries

· Evaluate performance of candidate codebooks & decide by RAN1#91
Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

All ports can be transmitted coherently

· Partial coherence

Port pairs can be transmitted coherently

· Non-coherence

No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly
Agreement:
For 1 SRS resource

· Full coherence

· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported

· Non-coherent inter-SRS resource transmission: 

· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled 

· Note: Indication of selection of multiple SRS resources was agreed

Lastly, through email discussion [90b-NR-11], following working assumption are made as

Working assumption:

· For UL codebook based transmission with one SRS resource and a given number of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling. 

· Note: TPMI is indicated in uplink DCI

· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue

· Other details are FFS

In this contribution, we further discuss the UL codebook based transmission and provide our evaluation results. This contribution is a revision of R1-1719902.
2. Discussion on UL codebook based transmission in NR
2.1. Encoding for TPMI, TRI and SRI

In NR, it was agreed to support SRS resource indicator (SRI) for uplink transmission. Like the CRI in LTE, each SRS resource can have different number of SRS ports, so that the combination of TPMI, TRI and SRI may be very diverging according to the number of configured SRS resource and the number of configured SRS port in each resource. Also, the NR also needs to consider the forward compatibility which means the supported SRS port can be more than 4-port in the next release. Besides, RAN1 has not decided yet the codebook structure (whether it is a single stage or dual stage) for 4 Tx, especially for CP-OFDM. Thus, we think it is premature to have joint encoding of TPMI, TRI and SRI. 
In LTE uplink, TPMI and TRI are jointly encoded within 6 bits. In NR uplink with CP-OFDM, UL DMRS table intended for indication of antenna port(s), scrambling ID and number of layer indication can be adopted. Then, the TRI can be indicated by this UL DMRS field. In that case, to avoid duplicated indication of TRI, TPMI can be separately encoded with TRI. If the TPMI is separately encoded, the payload size may be fixed to the size of rank 1 codebook, and we can have more codewords for rank 2, 3 and/or 4.
Proposal 1. SRI, TRI and TPMI are separately encoded in the UL related DCI, and TRI can be indicated by UL DMRS field.
2.2. 4Tx Codebook design for CP-OFDM

In RAN1#90bis, it was agreed to support at least single stage DCI, and dual stage DCI is FFS. That means at least single stage codebook can be supported in NR phase 1. Considering the limited time for finalizing NR phase 1, it is preferable to have a single stage codebook in phase 1, and we can further enhance UL codebook in the next release.  

For wideband TPMI with 4Tx for CP-OFDM, we have following three candidates and will be down-selected in RAN1#91. 
· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

As will be shown in Section 2.3, the performance difference among Rel-10 UL, Rel-15 DL and Rel-8 DL is small. Therefore, among the three alternatives, we think Alt 1 based approach is more preferable considering the commonality with DFT-s-OFDM. Indeed, as additional entries for Alt 1, entries from Rel-8 and/or Rel-15 DL codebook can be considered. Thus, it would be more constructive to discuss entries and size of codebook for each rank. 
   As discussed in previous section, if TPMI and TRI are separately encoded, the size of TPMI is determined by the maximum number of codewords in each rank. Normally, lower rank such as rank 1 and 2 may have more codewords than higher rank, since increasing codebook granularity in higher rank does not improve the performance much. 

For rank 1 codebook, we can reuse the codebook for DFT-s-OFDM which requires 5-bit for TPMI indication as listed in Table A-1. For rank 2 codebook, in addition to rank 2 codebook in LTE UL (indexed from 0 to 15 in Table A-2), codewords from Rel-15 (indexed from 16-23 in Table A-2) can be considered for the full coherence transmission. Also, for non-coherence transmission, codewords indexed from 24-29 in Table A-2 is also added. For rank 3 codebook, the entries are listed in Table A-3. In this table, 8 entries indexed from 12-19 are added for the full-coherence transmission, and entries from 20-23 is added for non-coherence transmission. Lastly, Table A-4 lists codewords used for rank 4 TPMI. With the same principle, we added the codebook for full-coherence and partial-coherence transmission in addition to identity matrix. In summary, proposed codebook is categorized in Table 1 according to the coherence transmission capability. 
Proposal 2. Support Table A-1, A-2, A-3 and A-4 for 4Tx UL Codebook for CP-OFDM.
Table 1. TPMI indices in Table A-1 ~ A-4 according to coherence capability
	
	TPMI indices for 

Full coherence
	TPMI indices for 

Partial coherence
	TPMI indices for 

Non coherence

	Rank 1
	0-27
	16-27
	24-27

	Rank 2
	0-28
	0-15, 24-29
	24-29

	Rank 3
	0-23
	0-11, 20-23
	20-23

	Rank 4
	0-12
	4-12
	12

	Required payload for TPMI
	5
	5
	3


2.3. Evaluation results for 4Tx Codebook designs
This section presents the simulation results for 4Tx codebook designs for CP-OFDM. In this simulation, we assume that UE has 4Tx (dual-pol) antenna ports and gNB has 8Rx (dual-pol) antenna ports. Also, it is assumed full-buffer model and 3D-UMi (4GHz) and 3D-UMa (4GHz). Other simulation parameters are listed in Table B-1 in Annex B. Figure 1 and 2 depicts the performance comparison of LTE Rel-10 UL, LTE Rel-8 DL and NR Rel-15 DL codebooks. Based on the Figure 1 and 2, we have following observations:

Observation 1. In terms of mean UE UPT, performance differences among three codebooks for both 3D-UMi and 3D-UMa are within 3%.
Observation 2. In terms of 5% UE UPT, performance differences among three codebooks for both 3D-UMi and 3D-UMa are within 5%. 
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Figure 1. Evaluation results for 3D-UMi with 4Tx-8Tx UL transmission
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Figure 2. Evaluation results for 3D-UMa with 4Tx-8Tx UL transmission

2.4. Overhead reduction of TPMI and its signalling

In RAN1#90bis, it is agreed to support UE capability reporting for transmission coherency. And through email discussion [90b-NR-11], it was intensively discussed regarding TPMI size reduction. In our view, the reduction of TPMI size can be done by at least two ways. One way is using RRC signaling to restrict each TPMI or group of TPMI(s), and TPMI size depends on according to this TPMI restriction. The other way is using UE capability reporting for transmission coherency. For example, if UE is capable only for partial coherence, TPMI(s) corresponding to partial coherence are valid, so that the total TPMI can be reduced. Since we already have UE capability reporting for transmission coherency, extra RRC signaling for TPMI restriction is not preferable. In UE capability reporting, if antenna topologies such as number of antenna ports, polarization, panels and etc., is reported to gNB, and then gNB may signal to UE the preferred codebook for UL transmission. Since antenna structures of UE will be diverged according to the UE implementation, it would be good to UE to report preferred codebook subset restriction for capability reporting. 
Proposal 3. TPMI size can be reduced according to the UE capability reporting for coherence transmission.

3. Conclusion

This contribution further discussed codebook based transmission for UL in NR. Following observations and proposals are given, based on the discussion:
Observation 1. In terms of mean UE UPT, performance differences among three codebooks for both 3D-UMi and 3D-UMa are within 3%.

Observation 2. In terms of 5% UE UPT, performance differences among three codebooks for both 3D-UMi and 3D-UMa are within 5%.
Proposal 1. SRI, TRI and TPMI are separately encoded in the UL related DCI, and TRI can be indicated by UL DMRS field.
Proposal 2. Support Table A-1, A-2, A-3 and A-4 for 4Tx UL Codebook for CP-OFDM.
Annex A: 4Tx UL codebook for CP-OFDM

Table A-1. Rank 1 4Tx UL codebook for CP-OFDM

	Codebook index
	Number of layers 
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Table A-2. Rank 2 4Tx UL codebook for CP-OFDM

	Codebook index
	Number of layers 
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Table A-3. Rank 3 4Tx UL codebook for CP-OFDM
	Codebook index
	Number of layers 
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Table A-4. Rank 4 4Tx UL codebook for CP-OFDM
	Codebook index
	Number of layers 
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Annex B: Simulation Parameters and Assumptions
Table B-1. Simulation assumptions 
	Scenarios 
	3D-UMi with ISD = 200m in 4GHz, 3D-UMa with ISD-500m

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.5 λ vertical antenna spacing, (N1,N2)=(2,2)

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

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	Hybrid ARQ 
	Maximum 4 transmissions 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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