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Introduction
In Rel-18, a work item was approved for further MIMO enhancements (WID in RP-213598 [1]), and the study and possible specification of 8 Tx UL operation is included as one of the objectives.
	6. 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 discuss the remaining issues on SRI and TPMI enhancements for enabling 8 Tx UL operation.
Discussions
Codebook design and indications
Partial coherent codebook with Ng = 2
For partial coherent codebook with Ng = 2, the following has been agreed:
Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

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)



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 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders. Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
· FFS : details of TPMI indication when one antenna group is used
· Option 4 – A single 8TX TPMI is indicated
· Other options are not precluded

It remains open (1) whether to do further down-selection for the layer splitting combinations in brackets; (2) whether to support all the 4Tx FC precoders; (3) how to indicate the precoder in DCI. All these are also related to the overhead for the precoder indication.
In terms of the overhead for precoder indication, with Option 3, each 4Tx TPMI requires 5 bits, to represent one of the 30 4Tx FC precoders, plus another entry representing no transmission from an antenna group. This means a total of 10 bits with 2 TPMIs, one per antenna group. Note that 10 bits can even support all the possible layer splitting combinations without any down-selection.
With Option 4, the main motivation is to save overhead, and the number of bits depends on the number of precoders. For the agreed layer splitting combinations (including the ones in the working assumption), assuming we include all the 4Tx FC precoders, the number of precoders for each case is summarized in Table 1, with a total number of precoders equal to 736 (if all the layer splitting combinations are included) or 696 (if only one layer splitting combination is included for each of the brackets). Either way, this would still need 10 bits. 
Potentially the 4Tx FC precoders can be further down-selected for some ranks to bring the overhead down to e.g. 9 bits or even less. The question is whether it is worth the effort and complexity to do such down-selection to save just 1 bit. Generally speaking, we think the DCI overhead may not be the biggest concern for 8Tx UEs due to the number of antennas the UEs have and the use cases of interest. Therefore, we prefer to keep the design simpler without doing too much optimization.
Due to these considerations, we prefer Option 3 for precoder indication, with the support of all 4Tx FC precoders, and no further down-selection of the layer splitting combinations. This would require less specification effort and less implementation complexity. 
Table 1 Number of precoders for each layer splitting combination considering all 4Tx FC precoders
	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	Layer splitting
	(1, 0)
(0, 1)
	(2, 0)
(0, 2)
	(1, 1)
	(3, 0)
(0, 3)
	(1, 2)
(2, 1)
	(4, 0)
(0, 4)
	(2, 2)
	(2, 3)
[(3, 2)]
	(3, 3)
	(3, 4)
[(4, 3)]
	(4, 4)

	# of precoders
	16
	8
	16x16=256
	4
	16x8=128
	2
	8x8=64
	8x4=32
	4x4=16
	4x2=8
	2x2=4

	Sub-total
	32
	272
	264
	68
	64 or 32
	16
	16 or 8
	4

	Total
	736 or 696



Proposal 1: For partially-coherent codebook with 8Tx UL and Ng=2, 
· No further down-selection of layer splitting combinations
· All the 4Tx FC precoders are supported for the agreed layer splitting combinations.
· Adopt Option 3 for precoder indication, using two 4TX TPMIs.
· Add one entry for TPMI to indicate no transmission from an antenna group.
· The first TPMI is applied on one antenna group, and the second TPMI is applied on the other antenna group.
On whether all the layers for each CW should be mapped to only one antenna group when rank > 4, it is unclear to us why such restriction is necessary or what benefit it brings. At least for rank <=4, only 1 codeword is supported, and layers can be split between two antenna groups already. There is no immediate reason why layer splitting cannot be done similarly in case of two codewords.
In addition, we already agreed to reuse DL Rel-15 codeword to layer mapping. This mapping is fixed. E.g. in case of 5 layers, the 1st codeword is mapped to the first 2 layers, and the 2nd codeword is mapped to the remaining 3 layers. With such mapping, it is not clear to us how we can support both (2, 3) and (3, 2) layer splitting combinations and always having one codeword mapping within one antenna group. Therefore, no such restriction should be introduced.
Proposal 2: For partial coherent codebook design with Ng = 2, there is no restriction that one codeword is mapped to one antenna group only.

Partial coherent codebook with Ng = 4
For partial coherent codebook with Ng=4, the following has been agreed:
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=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)




For the precoder indication, similar to Ng=2 case, we can have the following two options:
· Option 1: use 4 TPMIs to indicate 2Tx FC precoders for the 4 antenna groups, respectively
· There are a total of 6 2Tx FC precoders, plus an entry to indicate no transmission for the antenna group.
· This would require 3x4 = 12 bits.
· Option 2: use a single 8Tx TPMI
· This would require a table that defines the mapping of the index to the supported precoders. The number of bits required depends on the number of precoders.
· The advantage of Option 2 compared to Option 1 is the potentially reduced DCI overhead.
· The number of precoders for each layer splitting combination is summarized in Table 2 considering all 2Tx FC precoders. The total number of precoders for the agreed layer splitting combinations is given by 4*4+2*4+16*6+256+4*6+16+8*6+64*4 +16*2+128+8*2+64+32=992, which would require 10 bits.
Option 1 is simpler from both spec and implementation point of view, but it requires 2 more bits. If this is considered unacceptable, Option 2 can be considered.

Table 2 Number of precoders for each layer splitting combination considering all 2Tx FC precoders
	Rank
	Layer splitting
	# of precoders
	Rank
	Layer splitting
	# of precoders

	1
	(1,0,0,0)
(0,1,0,0)
(0,0,1,0)
(0,0,0,1)
	4
	3
	(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
	2x4=8

	2
	(2,0,0,0)
(0,2,0,0)
(0,0,2,0)
(0,0,0,2)
	2
	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	4x4x4=64

	
	(1,1,0,0)
(1,0,1,0)
(1,0,0,1)
(0,1,1,0)
(0,1,0,1)
(0,0,1,1)
	4x4=16
	5
	(2,0,2,1), (0,2,2,1)
	2x2x4=16

	4
	(1,1,1,1)
	4x4x4x4=256
	
	(1,1,2,1)
	4x4x2x4=128

	
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	2x2=4
	6
	(2,2,2,0), (2,0,2,2)
	2x2x2=8

	8
	(2,2,2,2)
	2x2x2x2=16
	6
	(2,1,2,1), 
	2x2x4x4=64

	
	
	
	7
	(2,1,2,2)
	2x2x2x4=32



Proposal 3: For partially-coherent codebook with 8Tx UL and Ng=4,
· All the 2Tx FC precoders are supported for the agreed layer splitting combinations.
· If 12-bit TPMI overhead is considered unacceptable, a single 8Tx TPMI (up to 10 bits) is provided, supporting a total number of precoders up to 992 precoders.
Full power transmission mode
For full power transmission, the following has been agreed:
Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 
Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used. 
· FFS: identification of precoders per rank / per Ng
Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration

Full power Mode 1
For full power Mode 1, it needs to be decided which precoder(s) to be included in the codebook of partially-coherent or non-coherent UEs so that all 8 Tx can be used to achieve full power.
For a partially-coherent UE with Ng=2, with the agreed layer splitting combinations, all the ranks have at least one precoders using all 8 Tx except for rank 1. Therefore, it is sufficient to add one or more fully-coherent precoders (which use all 8 Tx) for rank 1.
Proposal 4: For a partially-coherent UE with Ng=2 with full power Mode 1, support the following precoders for rank = 1.


For a partially-coherent UE with Ng=4, the ranks that does not have any partially-coherent precoders using all 8 Tx include rank = 1/2/3. Therefore, it is useful to support additional precoders that use all 8 Tx for rank = 1/2/3.
Proposal 5: For a partially-coherent UE with Ng=4 with full power Mode 1, support the following precoders for rank = 1, 2, 3.
	Rank = 1
	

	Rank = 2
	

	Rank = 3
	



For a non-coherent UE, the non-coherent precoders for ranks from 1 to 7 do not use all 8 Tx. Therefore, additional precoders should be included for rank 1 to 7 for full power transmission. To limit the number of precoders, we can add one precoder for each rank.
Proposal 6: For a non-coherent UE with full power Mode 1, support the following precoders for rank = 1 to 7:

Full power Mode 2
For full power Mode 2, the SRS resource set configuration can reuse the R16 design, except that now each SRS resource can have up to 8 ports. The definition of TPMI groups can be discussed after the codebook design is finalized. 
Proposal 7: Support a maximum of 4 SRS resources in an SRS resource set with usage set to ‘codebook’, where each SRS resource can have 1, 2, 4 or 8 ports.
Proposal 8: The TPMI group definition is decided after the codebook design is finalized.

Conclusion
In contribution, we have discussed the remaining issues for SRI/TPMI enhancements for 8 Tx UL, and have the following proposals:
Proposal 1: For partially-coherent codebook with 8Tx UL and Ng=2, 
· No further down-selection of layer splitting combinations
· All the 4Tx FC precoders are supported for the agreed layer splitting combinations.
· Adopt Option 3 for precoder indication, using two 4TX TPMIs.
· Add one entry for TPMI to indicate no transmission from an antenna group.
· The first TPMI is applied on one antenna group, and the second TPMI is applied on the other antenna group.
Proposal 2: For partial coherent codebook design with Ng = 2, there is no restriction that one codeword is mapped to one antenna group only.
Proposal 3: For partially-coherent codebook with 8Tx UL and Ng=4,
· All the 2Tx FC precoders are supported for the agreed layer splitting combinations.
· If 12-bit TPMI overhead is considered unacceptable, a single 8Tx TPMI (up to 10 bits) is provided, supporting a total number of precoders up to 992 precoders.
Proposal 4: For a partially-coherent UE with Ng=2 with full power Mode 1, support the following precoders for rank = 1.

Proposal 5: For a partially-coherent UE with Ng=4 with full power Mode 1, support the following precoders for rank = 1, 2, 3.
	Rank = 1
	

	Rank = 2
	

	Rank = 3
	



Proposal 6: For a non-coherent UE with full power Mode 1, support the following precoders for rank = 1 to 7:

Proposal 7: Support a maximum of 4 SRS resources in an SRS resource set with usage set to ‘codebook’, where each SRS resource can have 1, 2, 4 or 8 ports.
Proposal 8: The TPMI group definition is decided after the codebook design is finalized.
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