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Introduction
[bookmark: _Ref494215420]In RAN1#109 meeting, the following agreements on SRI/TPMI enhancement for enabling 8 TX UL transmission have been agreed [1]:
	Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred 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


  
o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901



Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· 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
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.



In this paper, we will present our opinions on SRI/TPMI enhancement for enabling 8 TX UL transmission, mainly about codebook design.

Discussion
Codebook design for UL
In this section, we first review the design concepts of NR Rel-15 DL Type I codebook and NR Rel-15 UL codebook, and then give our views on the UL codebook design for 8TX UE.
The NR Rel-15 DL Type I single-panel () and multi-panel () codebook structures can be shown in Table 1 and Table 2, respectively.
[bookmark: _Ref109917631][bookmark: _Ref109917627]Table 1. Rel-15 Type I Single-Panel Codebook structure ()
	
	Number of layer 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Codebook structure
	
	
	


where  is a vector representing the weighting coefficients of each layer for each polarization direction, and  represents the polarization direction,  represents the specific layer ().
[bookmark: _Ref109918584]Table 2. Rel-15 Type I Multi-Panel Codebook structure ()
	
	
	Number of layer 

	
	
	1
	2
	3
	4

	Codebook structure
	
	
	
	
	

	
	
	
	


where  is a vector representing the weighting coefficients of each layer for each polarization direction and each panel, and  represents panel ({0,1} or {0,1,2,3}）， represents the polarization direction,  represents the specific layer ().
In general, Rel-15 DL Type I codebook, both single-panel and multi-panel codebook are designed based on cross-polarized antennas, and all the precoding matrices are suitable for fully coherent UEs.
Rel-15 UL codebook is designed with reference to several previously existing codebooks, such as LTE DL codebook, LTE UL codebook, NR DL Type I codebook, antenna selection codebook, and etc., which can be summarized as Table 3.
[bookmark: _Ref109916210]Table 3. Rel-15 UL codebook design
	N-layer transmission
	# antenna port
	Transform precoding
	UE coherence
	Based on
	Additional operating

	1
	1
	/
	/
	
	/

	1
	2
	/
	/
	LTE UL 2TX codebook
	/

	2
	2
	disabled
	/
	LTE DL 2TX codebook
	Add antenna selection codebook

	1
	4
	enabled
	/
	LTE UL 4TX codebook
	/

	1/2/3/4
	4
	disabled
	fully coherent
	NR Rel-15 DL Type I 4 TX codebook
	Down-sampling

	
	
	
	partially coherent
	LTE UL 4TX codebook
	Selection & Modification

	
	
	
	non-coherent
	Antenna selection codebook
	Selection


Specially, Rel-15 UL 4TX codebook is designed with different reference codebooks for different UE coherence. 
For non-coherent and partially coherent UEs, it is not feasible to construct the UL 8TX codebook based on NR Rel-15 DL Type I 8TX codebook by down-sampling, which included in Alt1-a, Alt2-b and Alt3. Considering the presence of antenna group, both single-panel and multi-panel codebooks need to be down-sampled and selected if based on Rel-15 DL Type I codebook.
On the other hand, constructing the UL 8 TX codebook based on the NR Rel-15 UL 2TX/4TX codebooks is a relatively simple scheme and does not limit the coherence of the UE. Furthermore, different phase offsets can be attached to the NR Rel-15 UL 2TX/4TX codebooks based on the antenna layout and coherence to ensure the performance of the constructed 8TX codebook, e.g.   or , where  and are the UL 4TX codebook and UL 8TX codebook, and  is the additional phase offset. Specially, the antenna selection codebook is a special case of the above construction method, which is more suitable for the non-coherent UE.
Based on the above analysis, we have the following proposal for the UL codebook design for 8 TX UE codebook based transmission.
Proposal 1：For 8TX UE codebook-based uplink transmission, Alt2-a is preferred and Alt1-b is second preferred.
SRI enhancement for enabling 8 TX UL transmission
The bit width of SRS resource indicator in DCI format 0_1 and 0_2 is  and  for non-codebook based transmission according current specification, respectively [2]. Obviously, the maximum bit width is 4 bits when  is 4 and  or is 4. 
When 8 TX UL transmission is enabled, the maximum value of both  and  or could be 8, then follow the design principles of existing specification, namely, all possible combinations of no more than  SRS resources are selected from  or SRS resources configured in the SRS resource set, we can simply calculate that the maximum bit width will be 8 bits.
Observation 1: Extending the SRI indication for non-codebook directly will introduces additional 4bit DCI overhead.
Considering the high overhead introduced by direct enhancement, further study is needed to reduce DCI overhead for non-codebook based transmission when 8 TX UL transmission is enabled. There is a certain space for optimization based on the possible deployment of UE antenna and the potential methods need further study.
Proposal 2：Further study the potential methods to reduce DCI overhead for SRI indication.

Conclusion
In this contribution, we discussed SRI/TPMI enhancement for enabling 8 TX UL transmission. The following observation and proposals are achieved:
Observation 1: Extending the SRI indication for non-codebook directly will introduces additional 4bit DCI overhead.
Proposal 1：For 8TX UE codebook-based uplink transmission, Alt2-a is preferred and Alt1-b is second preferred.
Proposal 2: Further study the potential methods to reduce DCI overhead for SRI indication.
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