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1 Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. One of 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 one SRS resource set containing up to  8-port SRS resource(s) is determined, where . An SRS resource set comprising two 8-port SRS resources can be used for multiple panel transmission (e.g., the UE with 2 8TX panel). However, in order to make flexible use of the antenna groups of an 8TX UE, it is beneficial to support multiple types of SRS resources (e.g., 8-port SRS resource, 4-port SRS resource and 2-port SRS resource) 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, the support of multiple types of 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 Codebook Design
	RAN1#112-bis [4]
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)


Note: Above is not relevant to how precoders are indicated.
RAN1#113 [4]
Agreement
Confirm the Working Assumption with revision,
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	[(2,3), (3,2)]

	6
	· 
	(3,3)

	7
	· 
	[(3,4), (4,3)]


The part in square brackets is still Working Assumption
Note: At least one permutation will be selected in RAN1#114.
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	·  

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)


Note: Above is not relevant to how precoders are indicated.
Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,0,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2)


· 



In RAN1#113 meeting, the agreements intend to select mechanisms used for designing partially coherent uplink precoding. The full-coherent precoders from Rel-15 UL 2TX/4TX codebook have been selected for use in the design of the 8TX partial-coherent UL codebook, when Ng=4/Ng=2. In the case of Ng=2, if the number of UL transmission layers is greater than four, the transmission layers are guaranteed to be transmitted by two separate antenna groups. When the number of UL transmission layers is equal to five and two-codeword is performed, the combination (2,3) and (3,2) for layer splitting across two antenna groups are considered according to the above agreement. If only one of the two combinations is used for layer splitting across two antenna groups, the signalling overhead will be reduced because the number of TPMIs is limited. However, using only one of the two combinations will result in a loss of system performance. For example, the channels experienced by the two antenna groups are dynamic, so the allocation of layers to each antenna group should be adjusted according to the experience of that antenna group. Therefore, it is recommended to use both combinations, and so on when the rank is equal to seven. 
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2,
· Following combinations of layer splitting are supported.
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	5
	
	(2,3), (3,2)

	7
	
	(3,4), (4,3)



4 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 partially coherent uplink precoding by an 8TX UE, Ng=2,
· Following combinations of layer splitting are supported.
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	5
	
	(2,3), (3,2)

	7
	
	(3,4), (4,3)
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