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1. [bookmark: _Ref521334010]Introduction
In RAN #94-e meeting, enhancements for UL 8Tx operations were agreed and the following objective was approved in the WID for Rel-18 NR MIMO [1]:
	Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In RAN1 #109-e meeting, the scope of objective, EVM, and codebook design related issues for 8Tx were discussed, with some agreements achieved in [2]. In this contribution, codebook design and SRI/TPMI enhancement for UL 8Tx operation are discussed, and initial evaluation results are provided.
2. Discussion
Since the power/form-factor/cost of CPE/FWA/vehicle/Industrial devices are not as limited as traditional handheld devices, they are able to support 8Tx antennas. Enabling 8Tx UL operation is helpful in improving data rate and UL coverage, and hence it is desirable to support 8Tx operation in Rel-18 for devices with UL 8Tx. 
NR supports a maximum of 4 layers in the UL and 8 layers in the DL. There is a 100% gap between DL/UL peak data rate. It is desirable to bring UL peak data rate on par with DL to allow a balanced spectrum usage and user experience. Therefore up to 8 UL layers SU-MIMO also should be supported, for both FR1 and FR2, and both codebook and non-codebook based PUSCH.
Proposal 1: UL 8Tx with up to 8 layers is supported in Rel-18.
2.1. Codebook design
In RAN1 #109-e meeting, it was agreed that fully-coherent, partially-coherent and non-coherent UEs for UL transmission with 8Tx are to be studied, with maximal layer number of both 4 and 8 layers. In Rel-17, different codebooks are designed for fully-coherent, partially-coherent and non-coherent UEs respectively. Similarly, for UL transmission with 8Tx, different codebooks can be designed for fully-coherent, partially-coherent and non-coherent UEs respectively.
On codebook design for UL 8Tx, it was agreed to down-select one of the following in RAN1 #109-e meeting:
· Alt1-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
In this section, designs of codebook for fully-coherent, partially-coherent and non-coherent UEs are discussed respectively.
2.1.1. Non-coherent codebook
A non-coherent UE can only be configured with non-coherent codebook. Since a non-coherent UE is not capable of transmitting a single layer with multiple antennas coherently, each precoding matrix in a non-coherent codebook shall be a port selection precoding matrix, with one port selected for each layer. 
For PUSCH transmission with DST-s-OFDM waveform, the transmission rank is 1. All of the port selection precoding matrices for rank 1 can be included in the 8Tx non-coherent codebook, as shown in Table 1.
Table 1: Non-coherent codebook for single-layer UL 8Tx, DFT-s-OFDM
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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Proposal 2: For UL 8Tx with DFT-s-OFDM, precoding matrices in Table 1 are adopted for non-coherent codebook.
For the non-coherent codebook of 4Tx for CP-OFDM waveform in Rel-15, the total number of precoding matrices in non-coherent codebook is 12, with all of port selection precoding matrices for rank=1/2/4 included, and one precoding matrix for rank =3 included. For UL 8Tx in Rel-18, if all of port selection precoding matrices are included in the non-coherent codebook, the number of precoding matrices for each rank would be as follows:
· Rank 1: =8;
· Rank 2: =28;
· Rank 3: =56;
· Rank 4: =70;
· Rank 5:=56;
· Rank 6:=28;
· Rank 7:=8;
· Rank 8:=1.
If all of precoding matrices are included, the number of precoding matrices and the bit widths for TPMI field when maxRank = 1, 2, …, 8 would be as the ones shown in Table 2. It can be seen that 8 bits is needed when max Rank >= 4 for 8Tx. Compared to 4Tx, the bit widths for TPMI field are doubled. 
In Rel-15, all of precoding matrices in non-coherent codebook are included in codebook for partial-coherent/fully-coherent UEs. Same principle can be considered in Rel-18 UL 8Tx operation, i.e., all or a subset of precoding matrices for non-coherent codebook should be included in partial-coherent codebook. Too many bits for TPMI indication in DCI are not expected. Therefore whether only a subset or all of port selection precoding matrices is included in the non-coherent codebook should be considered.
Table 2: Number of precoding matrices and bit widths of TPMI field for non-coherent codebook for UL 8Tx
	max Rank
	Number of TPMIs
	Bit widths for TPMI field (bits)

	1
	8
	3

	2
	36
	6

	3
	92
	7

	4
	162
	8

	5
	218
	8

	6
	264
	8

	7
	254
	8

	8
	255
	8


Proposal 3: For UL 8Tx with CP-OFDM, whether all or a subset of port selection precoding matrices are supported for non-coherent codebook shall be considered.
Proposal 4: For UL 8Tx operation, all or a subset of precoding matrices in non-coherent codebook included in partial-coherent codebook and full-coherent codebook is considered.
2.1.2. Partial-coherent codebook
Various partial-coherent relationships among antennas can be supported by CPE/FWA/vehicle/Industrial devices with 8Tx. For example, some devices may have two coherent antenna groups, with four coherent antennas per group, while some devices may have three coherent antenna groups, with one group comprised of four coherent antennas and two groups comprised of two coherent antennas. Designing codebooks for all possible partial-coherent relationships of antennas respectively incurs large workload of codebook design, which is not preferred. We prefer to design partial-coherent codebooks for UL 8Tx with one or several typical partial-coherent relationships. For example, partial-coherent relationship with two coherent groups with four coherent antennas per group, and partial-coherent relationship with four coherent groups with two coherent antennas per group are considered with high priority. 
Proposal 5: On codebook design for partial-coherent UE with UL 8Tx, two coherent groups with four coherent antennas per group, and four coherent groups with two coherent antennas per group are considered.
For partial-coherent UE with 4 Tx, port pair{0,2} and port pair {1,3} are two coherent groups. That is because when the codebook is used for cross-polarized antenna configuration, the antennas cross-polarized antennas in the same position is expected to be coherent. Similarly, for partial-coherent UE with 8 Tx, if two coherent groups are supported, the two coherent port groups are {0,2,4,6} and {1,3,5,7}, respectively; if four coherent groups are supported, the four coherent port groups are {0,4}, {1,5}, {2,6}, and {3,7}, respectively.
Proposal 6: On codebook design for partial-coherent UE with UL 8Tx, 
· If two coherent groups are supported, the two coherent ports groups are {0,2,4,6} and {1,3,5,7}, respectively;
· If four coherent groups are supported, the four coherent port groups are {0,4}, {1,5}, {2,6}, and {3,7}, respectively.
For NR Rel-15 4Tx fully-coherent codebook, the precoding matrices are selected from NR Rel-15 4Tx DL Type I codebook. It was considered to be a good balance of performance and TPMI indication overhead. In Rel-18, it seems there is no demand to totally re-design the codebook for each coherent group. Therefore we prefer to use NR Rel-15 UL 2TX/4TX codebooks as the starting point for designing the codebook for partial-coherent UE.
Proposal 7: On codebook design for partial-coherent UE with UL 8Tx, Rel-15 UL 2TX/4TX codebook is selected as the starting point.
In Rel-15, all of precoding matrices in partial-coherent codebook are included in codebook for full-coherent UEs. Same principle can be considered for Rel-18 UL 8Tx operation.
Proposal 8: For UL 8Tx operation, all or a subset of precoding matrices of partial-coherent codebook included in full-coherent codebook is considered.
2.1.3. Full-coherent codebook
For PUSCH transmission with DFT-s-OFDM in Rel-15, full-coherent precoding matrices for UL 4Tx are obtained by computer search. Good distance properties (e.g. measured by the chordal distance) are considered to ensure good performance. On the design of full-coherent precoding matrix for UL 8Tx for DFT-s-OFDM waveform, similar approach can be considered.
Proposal 9: On codebook design for full-coherent UE with UL 8Tx in DFT-S-OFDM, searching precoding matrices by computer can be considered.
For PUSCH transmission with CP-OFDM in Rel-15, full-coherent precoding matrices for UL 4Tx are obtained by down selecting precoding matrices from DL Type I codebook. Similarly, for codebook design for full-coherent UE with UL 8Tx, NR Rel-15 DL Type I codebook can be considered as the starting point. The size of codebook can be reduced by down-selection precoding matrices. With including some precoding matrices in partial-coherent codebook and non-coherent codebook, the performance of codebook constructed with NR Rel-15 DL Type I codebook is expected to be no worse than the codebook constructed with Rel-15 UL 2Tx/4Tx codebook. 
Proposal 10: On codebook design for full-coherent UE with UL 8Tx in CP-OFDM, NR Rel-15 DL Type I codebook can be considered as the starting point.
2.2. SRI/TPMI indication
Codebook based PUSCH
The TPMI/SRI indication of UL 8 Tx for codebook based PUSCH is highly related to the design of codebook and SRS, as well as the presentation way of the codebook. 
For example, if the codebook of 8Tx is a codebook with precoding matrices down selected from Rel-15 DL Type I codebook, and the codebook is generated by a formula similar as DL, it is possible that a two-stage TPMI indication is considered. If a precoding matrix of 8Tx is constructed by combining two or more precoding matrices from Rel-17 codebook, enhancement for indicating multiple precoding matrices may be considered. If the codebook is just presented as a table, no matter how the UL codebook is obtained, enlarging the bit width of Rel-17 TPMI filed is sufficient.
Similarly, the SRI indication is related to the design of SRS for UL 8Tx. If 8-port SRS resources are used, enlarging the bit width of SRI field is sufficient. If 8 ports are realized by combining SRS ports of multiple SRS resources, SRI indication with indicating multiple SRS resources is needed. 
Since TPMI/SRI indication of UL 8 Tx is highly related to the design of codebook and SRS, as well as the presentation way of the codebook, we propose to determine the design of TPMI/SRI indication for codebook based PUSCH after the codebook and SRS design are available.
Proposal 11: For UL 8Tx for codebook based PUSCH, TPMI/SRI indication is designed after the codebook and SRS design are available.
Non-codebook based PUSCH
For non-codebook based PUSCH, multiple one-port SRS resources are configured in the same SRS resource set and SRI indicating multiple SRS resources is supported. For UL 8Tx, it is natural to extend the number of SRS resources in the SRS resource set to 8 and extend the bit width of the SRI field.
Proposal 12: For UL 8Tx for non-codebook based PUSCH, one SRI field is used to indicate SRS resource(s).
3. Conclusions
[bookmark: _GoBack]In this contribution, we provided our views on the enhancements for enabling UL 8Tx. We have the following proposals:
Proposal 1: UL 8Tx with up to 8 layers is supported in Rel-18.
Proposal 2: For UL 8Tx with DFT-s-OFDM, precoding matrices in Table 1 are adopted for non-coherent codebook.
Proposal 3: For UL 8Tx with CP-OFDM, whether all or a subset of port selection precoding matrices are supported for non-coherent codebook shall be considered.
Proposal 4: For UL 8Tx operation, all or a subset of precoding matrices in non-coherent codebook included in partial-coherent codebook and full-coherent codebook is considered.
Proposal 5: On codebook design for partial-coherent UE with UL 8Tx, two coherent groups with four coherent antennas per group, and four coherent groups with two coherent antennas per group are considered.
Proposal 6: On codebook design for partial-coherent UE with UL 8Tx, 
· If two coherent groups are supported, the two coherent ports groups are {0,2,4,6} and {1,3,5,7}, respectively;
· If four coherent groups are supported, the four coherent port groups are {0,4}, {1,5}, {2,6}, and {3,7}, respectively.
Proposal 7: On codebook design for partial-coherent UE with UL 8Tx, Rel-15 UL 2TX/4TX codebook is selected as the starting point.
Proposal 8: For UL 8Tx operation, all or a subset of precoding matrices of partial-coherent codebook included in full-coherent codebook is considered.
Proposal 9: On codebook design for full-coherent UE with UL 8Tx in DFT-S-OFDM, searching precoding matrices by computer can be considered.
Proposal 10: On codebook design for full-coherent UE with UL 8Tx in CP-OFDM, NR Rel-15 DL Type I codebook can be considered as the starting point.
Proposal 11: For UL 8Tx for codebook based PUSCH, TPMI/SRI indication is designed after the codebook and SRS design are available.
Proposal 12: For UL 8Tx for non-codebook based PUSCH, one SRI field is used to indicate SRS resource(s).
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