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Background
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. According to the WID, the following work item needs to be studied, and if justified, specified.
5. 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 this contribution, we share our views on 8TX UL transmission.

Discussions
For antenna layout and definition of Ng, the following agreements were achieved.
	Agreement
8TX PUSCH is supported in Rel-18
Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case




In the previous meeting, number of supported Ng was discussed. All company know that Ng represents the new concept called number of antenna group. However, there does not seem to be a shared common understanding of the exact definition. First, we should reconfirm what Ng means.
Proposal 1: We should reconfirm definition of antenna group
The first assumption is that Ng indicates number of antenna group and the antennas included in the antenna group are coherent. Through the past discussion, Ng corresponds to the following antenna layout. 
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial) 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
4 dBi, 110° HPBW(Indoor FWA & Industrial



However, we need note that these antenna layout is assumed for evaluation. In other words, the above layout(1-a, 1-b, 2-a, 2-b, 3-a, 3-b) are only the antenna configurations that each company considers when conducting simulation-based evaluations. Considering the definition of antenna groups and the classification of coherent types, it is reasonable to assume Ng=1 for full-coherent, Ng=2,4 for partial-coherent, and Ng=8 or no assumption for non-coherent.
Proposal 2: Support the correspondence between Ng and each coherent type for codebooksubset as follows.
· Full coherent:	Ng=1
· Partial coherent:	Ng=2,4.
· (Non coherent:	Ng=8)

For oversampling ratios of Rel-15 DL Type I codebook, the following agreement was achieved.
	Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered




For the oversampling ratio O1,O2, a very large value should not be used to prevent an increase in TPMI overhead. Based on the discussion and agreement of the previous meeting, UL should support (O1,O2)=(1,1) as a basis and up to (O1,O2)=(2,2).
Proposal 3: Support oversampling ratio (O1, O2) = (1,1), (2,1) and (2,2) for DL Type I codebook.

For codebook design of 8TX UL codebook-based transmission, the following agreement was achieved.
	Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.




Details of Alt1-b and Alt2-a are as follows.
· 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
Discussions have been based on the assumption that no new codebook design will be used for the 8Tx UL transmission. Thus, it has been proposed to divert existing codebooks; UL 2Tx/4Tx codebooks, DL Type I codebooks, and 8x1 antenna selection vectors are being considered. Regarding these codebooks, the previous agreement decided to down-select from two options, but these options can be divided into two main proposals. Alt1-b is to support different codebooks for each coherent capability of UEs, and Alt2-a is to support codebooks based on one of the UL codebooks regardless of the coherent capability of UEs.
The proposed UL codebook only supports up to 4 antenna ports, which will need to be expanded to support the full coherent capability of 8Tx. On the other hand, the DL Type I codebook does not take non-coherent and partial-coherent into account, so it is necessary to define a new behavior to support these coherent capabilities. Considering the above, supporting different codebooks for each coherent capability may reduce standardization efforts compared to supporting only a single codebook. Therefore, we support the use of different codebooks for each coherent type as a starting point for design, and Alt1-b is better.
Proposal 4: Support Alt1-b for codebook design of 8TX UL codebook-based transmission.

For number of CW, the following agreement was achieved.
	Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.




The 8Tx UL transmission should support up to 8 ranks, since the performance improvement of 8 ranks was already shown at the last meeting. Regarding the number of CWs at rank > 4, 2CW is already in use at DL. If 2CW is used in UL, the existing CW to layer mapping can be reffered to reduce the specification effort. Therefore, 2CW should be supported unless there is a specific reason not to.
Proposal 5: Support 1CW with rank<=4 and 2CW with rank>4. 

For SRS configuration of non-codebook UL transmission, the following agreement was achieved.
	Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 




To support the non-codebook based transmission of up to 8 rank, the supported maximum number of SRS resources within configured SRS resource set with usage of “non-codebook” need to be extended to 8. For Alt1, SRI bit field would be up to 8 bits, SRI table may need some re-definition to save DCI bits. For Alt2, two SRI fields are needed for the SRS resouce indication. Therefore, it is necessary to define the correspondence between SRI and SRS resource set by rank. Comparing the two Alts, the simpler Alt.1 should be supported.
Proposal 6: Support a single SRS resource set configured with up to 8 single-port SRS resources and low overhead solutions should be discussed.

For SRI/TPMI indication, the following agreement was achieved.
	Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms




The TPMI is indicated by using the value of the TPMI field included in the DCI and a specified table. For example, if there are 4 antenna ports, Rank is 2 to 4, and transform precoder is disabled, the number of layers and TPMI are determined by referring to the following table. 
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To support 8 layers, more than the current 6 bits would be needed. Also, more overhead is expected to occur for supporting multiple codebook types. Thus, we should discuss how to reduce overhead with TPMI indication.
In the current specification, full-coherent can support partial-coherent and non-coherent, and partial-coherent can support non-coherent. Such inclusive capability complicates the procedure if different codebooks are to be supported for different coherent types. Therefore, TPMI indication table should be separated according to the number of antenna group for 8Tx transmission.
Proposal 7: TPMI indication table should be separated according to the number of antenna group for 8Tx transmission.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: We should reconfirm definition of antenna group
Proposal 2: Support the correspondence between Ng and each coherent type for codebooksubset as follows.
· Full coherent:	Ng=1
· Partial coherent:	Ng=2,4.
· (Non coherent:	Ng=8)
Proposal 3: Support oversampling ratio (O1, O2) = (1,1), (2,1) and (2,2) for DL Type I codebook.
Proposal 4: Support Alt1-b for codebook design of 8TX UL codebook-based transmission.
Proposal 5: Support 1CW with rank<=4 and 2CW with rank>4.
Proposal 6: Support a single SRS resource set configured with up to 8 single-port SRS resources and low overhead solutions should be discussed.
Proposal 7: TPMI indication table should be separated according to the number of antenna group for 8Tx transmission.
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Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform
precoder is disabled and maxRank =2 or 3 or 4

Bit field

Bit field

Bit field

T codebookSubset = T codebookSubset = e codebookSubset=

to iﬁzex fullyAndPartialAndNonCoherent ® izg:x partialAndNonCoherent to iﬁzex nonCoherent
0 1 layer: TPMI=0 0 1 layer: TPMI=0 0 1 layer: TPMI=0
1 1 layer: TPMI=1 1 1 layer: TPMI=1 1 1 layer: TPMI=1
3 Tlayer. TPMI=3 3 Tlayer. TPMI=3 3 Tlayer. TPMI=3
4 2 layers: TPMI=0 4 2 layers: TPMI=0 4 2 layers: TPMI=0
9 2 layers: TPMI=5 9 2 layers: TPMI=5 9 2 layers: TPMI=5
10 3 layers: TPMI=0 10 3 layers: TPMI=0 10 3 layers: TPMI=0
11 4 layers: TPMI=0 11 4 layers: TPMI=0 11 4 layers: TPMI=0
12 1 layer: TPMI=4 12 1 layer: TPMI=4 12-15 reserved
19 T layer. TPMI=11 19 T Tayer. TPMI=11
20 2 layers: TPMI=6 20 2 layers: TPMI=6
27 2 layers: TPMI=13 27 2 layers: TPMI=13
28 3 layers: TPMI=1 28 3 layers: TPMI=1
29 3 layers: TPMI=2 29 3 layers: TPMI=2
30 4 layers: TPMI=1 30 4 layers: TPMI=1
31 4 layers: TPMI=2 31 4 layers: TPMI=2
32 1 layers: TPMI=12
47 Tlayers: TPMI=27
48 2 layers: TPMI=14
55 2 Tayers: TPMI=21
56 3 layers: TPMI=3
59 3 layers: TPMI=6
60 4 layers: TPMI=3
61 4 layers: TPMI=4

62-63

reserved
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