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1 Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. One from the seven objectives is to study 8 TX UL operation. In this contribution, we discuss SRS configuration, antenna port and TRI/TPMI/SRI indication for 8TX UL transmission.
2 SRS Configuration
	RAN1 # 110-bis [2]
Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
· Support configuration of 1 SRS resource set containing up to  8-port SRS resource(s), where X = 2   
· FFS: Other values for X, if needed 
· FFS: Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
· FFS: Configuration of at least one SRS resource set, configured with  of -port SRS resources, for example,   
· Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
· Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources


In RAN1#110-bis meeting, supporting configuration of 1 SRS resource set containing up to  8-port SRS resource(s) is determined, where . To make the system design more flexible, supporting multiple SRS resources in one SRS resource set is needed. For example, the antenna group(s) selected to transmit data can be identified by configuring each group into different SRS resources (e.g., four 2-port SRS resources or two 4-port SRS resources) in one SRS resource set. On the other hand, the support of multiple SRS resources facilitates the utilization of different UE antenna configurations and can better distribute power among ports. Moreover, if Rel-15 UL 2TX/4TX codebooks and  antenna selection vector(s) are reused, support for multiple SRS resources can help the gNB indicate the selected antenna group(s) flexibly. 
Proposal 1:	  Support configuration of at least one SRS resource set, configured with  of M-port SRS resources for SRS configuration supporting codebook-based UL transmission by an 8TX UE ()
3 Antenna port numbering and antenna groups
	RAN1 # 110-bis [2]
Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
Note: Other alternatives which are not foreseen are not precluded


In RAN1#110-bis meeting, this agreement intends to number the antenna ports in each coherent antenna group for  and . To simplify the partially coherent codebook design, Alt 3 in  case and Alt 2 in  case can reuse Rel-15 UL 4TX codebooks and Rel-15 UL 2TX codebooks more conveniently. In other words, this numbering rule of antenna ports is consistent with the legacy 4TX UE and 2TX UE. Thus, the legacy codebooks can be reused and modified easily to support Rel-18 UL 8TX codebooks. On the premise that the antenna port numbering rule is consistent for all UEs with different UE capabilities, Alt 2 in  case and Alt 1 in  case make the full-coherent UE with 8TX and the gNB with 8TX have the same antenna port numbering rule. Therefore, the full-coherent UE can simply reuse or modify the DL Type I codebook. On the other hand, Alt 3 in  case and Alt 2 in  case cannot reuse the antenna numbering rule of DL Type I codebook directly due to the different antenna port numbering rules, and DL Type I codebook would need to be modified by permuting rows of precoding matrices to support 8TX UL transmission. Moreover, Alt 2 in  case and Alt 1 in  case cannot reuse the antenna numbering rules of Rel-15 UL 4TX codebooks and Rel-15 UL 2TX codebooks directly due to the different antenna port numbering rules.  Therefore, Rel-15 UL 4TX codebooks and Rel-15 UL 2TX codebooks would need to be modified by permuting rows of precoding matrices to support 8TX UL transmission. Moreover, permuting rows of precoding matrices of Rel-15 UL 4TX codebooks and Rel-15 UL 2TX codebooks may cause more signaling overhead due to partial coherent codebook design. For example, signaling overhead for permuting rows of a precoding matrix based on Rel-15 2TX/4TX codebooks may be greater than the signaling overhead for permuting rows of a precoding matrix based on DL Type I codebook. To reduce signaling overhead, we prefer the first numbering rule in this issue. The proposal is as follows.
Proposal 2:	For codebook design of an 8TX partial-coherent UE
· Support antenna numbering with two coherent groups with {0,1,2,3} and {4,5,6,7} when 
· Support antenna numbering with four coherent groups with {0,1} and {2,3} and {4,5} and {6,7} when 
4 TRI/SRI/TPMI Indication for Codebook UL Transmission
	RAN1 # 111 [3]
Agreement
[bookmark: _Hlk126683438]For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI


In RAN1#111 meeting, this agreement intends to select from separate or joint indications in CB-based 8TX PUSCH transmission. For separate indication, TRI and TPMI can be informed to the UE separately via signaling from the gNB. Although separate indications can make the system more flexible, this approach also increases signaling overhead. For example, if we adopt separate indications, we will need two fields, whereas if we opt for joint indications, only one field will be required. Moreover, using one field to represent all combinations of TRI and TPMI requires fewer bits.  For Rel-15 UL precoding matrix indication, joint indication utilizing one index in signaling to inform the UE is adopted. To reduce signaling overhead, we prefer joint indication. The proposal is as follows.
Proposal 3: 	Support joint indication of TRI and TPMI for CB-based 8TX PUSCH transmission
5 Codebook Configuration
	RAN1 # 112bis-e [4]
Agreement
[bookmark: _Hlk134171648]For codebook-based 8TX PUSCH transmission, down-select from,
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE, with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE, with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE, with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE, with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE, with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE, with Ng =8, can only use precoders considered for Ng = 8
Other alternatives are not precluded
Note: For an 8TX UE, Ng =8 can represent a non-coherent UE.


In RAN1#112bis-e meeting, this agreement intends to select the support codebook subset mechanism for the UE with different UE capabilities. 
· For Alt1, a UE is configured with one combination of codebook subsets by the gNB. This alternative is the most flexible one among the three alternatives, making the gNB indicate more types of UL transmission precoders without re-configuration by RRC signaling. The drawback of this alternative is the increasing signaling overhead. 
· For Alt2, a UE is configured with a single type of codebook subset from all possible codebook subsets by the gNB. This alternative can decrease signaling overhead, caused by the large number of candidate UL transmission precoders. For example, the number of TPMIs for Alt2 is less than the number of TPMIs for Alt1. Therefore, the bitwidth of TPMI indication for Alt2 is less than the bitwidth of TPMI indication for Alt1.  However, a single type of codebook subset can limit the number of possible UL transmission precoders that can be selected, which leads to performance loss. On the other hand, if the type of codebook subset needs to be changed, the UE does not need to be reconfigured via RRC signaling which could result in increased latency. 
· For Alt3, a UE is only configured with one specified codebook subset according to UE’s capability. This alternative is the simplest one and have minimal signaling overhead (e.g., the number of TPMIs). However, performance loss can be the worst among the three alternatives. 
From the aspect of performance enhancement, we support Alt1 in principle based on the last meeting agreement in the above table. Moreover, according to UE’s capability, we suggest restricting some Ng values to reduce signaling overhead. For example, when a partially-coherent UE and Ng equal to 2 are considered, the precoders applied for Ng equal to 4 should be precluded. Thus, our proposal is as follows
Proposal 4: 	For codebook-based 8TX PUSCH transmission, support
· A fully-coherent UE (Ng=1) can be configured with precoders considered for Ng cases from one of two groups: {1, 2, 8} and {1, 4, 8}
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for Ng cases from the group {2, 8}
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for Ng cases from the group {4, 8}
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
6 Conclusion
[bookmark: _Hlk131666685]Proposal 1:	  Support configuration of at least one SRS resource set, configured with  of M-port SRS resources for SRS configuration supporting codebook-based UL transmission by an 8TX UE ()
Proposal 2:	For codebook design of an 8TX partial-coherent UE
· Support antenna numbering with two coherent groups with {0,1,2,3} and {4,5,6,7} when 
· Support antenna numbering with four coherent groups with {0,1} and {2,3} and {4,5} and {6,7} when 
Proposal 3: 	Support joint indication of TRI and TPMI for CB-based 8TX PUSCH transmission
Proposal 4: 	For codebook-based 8TX PUSCH transmission, support
· A fully-coherent UE (Ng=1) can be configured with precoders considered for Ng cases from one of two groups: {1, 2, 8} and {1, 4, 8}
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for Ng cases from the group {2, 8}
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for Ng cases from the group {4, 8}
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
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