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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 the performance evaluations and detailed designs for 8TX UL transmission. 
 
2. 2 CWs for rank > 4 UL transmission
In previous RAN1 meeting, 1 CW and 2 CWs were discussed and following working assumption was made.
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.


We conduct SLS to evaluate the performance differences. Our SLS follows the agreed evaluation parameters shown in appendix, and outdoor FWA scenario is selected for evaluation. 
In the simulations, 4 cases are evaluated, including 4Tx-rank4, 8Tx-rank4, 8Tx-rank8-2CW and 8Tx-rank8-1CW, where ‘m’Tx-rank‘n’ means ‘m’ Tx antenna is used with max rank limitation of ‘n’. For each case, different assumptions of codebook and resource utilization are used.
Fig. 1 (a), (b), (c) show the performance of non-codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. It is obvious that 2 CWs transmission provides significant performance gain over 1 CW transmission in terms of 95%-ile and average packet throughput in low, medium, and high RU cases. For example, for RU=50%, the performance gain of 2 CWs transmission over 1 CW transmission is 24.4% for 95%-ile, 19.3% for average, and 13.2% for 5%-ile packet throughput, respectively.
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(a) 95%-ile packet performance
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(b) Average packet performance
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(c) 5%-ile packet performance
Fig. 1: Throughput performance of 8TX UL non-codebook based transmission (1 CW vs. 2 CWs)

Fig. 2 (a), (b), (c) show the performance of codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. Compared with non-codebook based PUSCH transmission, the performance gap between 2 CWs and 1 CW transmission with codebook-based PUSCH transmission becomes much smaller. But still 2 CWs transmission has higher throughput performance than 1 CW transmission. Hence, 2 CWs transmission for more than 4-layer PUSCH should be supported. Thus, we propose to confirm the working assumption.
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(a) 95%-ile packet performance
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(b) Average packet performance

[image: ]
(c) 5%-ile packet performance
Fig. 2: Throughput performance of 8TX UL codebook based transmission (1 CW vs. 2 CWs)

Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· [bookmark: _Hlk115378854]For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.

Proposal 1
· Confirm the working assumption to support dual CW for uplink transmission with rank>4.

In last RAN1 meeting, interpretation of UL-SCH indicator was discussed and following was agreed.
Agreement
For an 8TX UE, there is a single UL-SCH indicator in a scheduling DCI (i.e., formats 0_1, 0_2).
· FFS whether/how to support CSI-only PUSCH when rank>4.



For CSI-only transmission, it is simple if CSI-only PUSCH transmission can be indicated only when scheduled rank<=4. The ‘enabled’ CW is used for CSI reporting. Thus, it is slightly preferred not to support CSI-only PUSCH transmission when scheduled rank>4.

Proposal 2
· UE does not expect UL-SCH indicator indicated as ‘0’ when scheduled rank>4. 
· UL-SCH indicator can be indicated as ‘0’ when scheduled rank<=4, and the enabled CW is used for CSI reporting (i.e. CSI-only PUSCH is supported only for scheduled rank <=4).

In CR discussion for TS 38.212, for 2nd fields of MCS, NDI and RV for 2nd codeword, only DCI format 0_1 was considered. We think it is also beneficial to support dual codewords and > 4 layers PUSCH transmission scheduled by DCI format 0_2.

Proposal 3
· Support dual codewords and > 4 layers PUSCH transmission scheduled by DCI format 0_2.

For CG PUSCH, a conclusion was made in last meeting that there is no consensus to support CG transmission with dual CW PUSCH by an 8TX UE. However, it is not clear for us if no specification impact is necessary even with the conclusion. For example, for following spec. text in TS 38.213, if DCI format 0_1/0_2 is used for Type 2 CG activation, and two sets of NDI/RV/MCS fields exist in the DCI due to configuration of up to 8-layer, it is better to revise the description of special fields for RV as ‘for the enabled transport block: set to all ‘0’s’, similar as that for DCI format 1_1.
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
HARQ process number
(if present)
set to all '0's
set to all '0's
set to all '0's
Redundancy version
(if present)
set to all '0's
set to all '0's
For the enabled transport block: set to all '0's

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
Redundancy version
(if present)
set to all '0's
set to all '0's
For the enabled transport block: set to all '0's



Thus, following TP is proposed.

Proposal 4
· For CG PUSCH, support following TP for TS 38.213.
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
HARQ process number
(if present)
set to all '0's
set to all '0's
set to all '0's
set to all '0's
Redundancy version
(if present)
set to all '0's
For the enabled transport block: set to all '0's
set to all '0's
For the enabled transport block: set to all '0's

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
Redundancy version
(if present)
set to all '0's
For the enabled transport block: set to all '0's
set to all '0's
For the enabled transport block: set to all '0's



3. Codebook design
Partially-coherent precoders with Ng=2

For partially-coherent precoders with Ng=2, following agreement has been made.
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.




Regardless of the FFS, we analyzed the number of 8TX precoders first. Table 1 shows the number of fully-coherent precoders from Rel-15 UL 4TX codebook. For each supported case of layer and antenna group split for 8TX codebook, the number of 8TX precoders based on all fully-coherent precoders from Rel-15 UL 4TX codebook is calculated and summarized in third column in Table 2. In that case, the number of 8TX precoders is large for certain layer splitting cases, e.g., for cases of (1,1), (1,2), (2,1), which is unnecessary. To reduce the number of 8TX precoders, similar as Ng=4 case, the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook to generate new 8TX precoders can be reduced. For example, if the number of fully-coherent precoders from Rel-15 UL 4TX codebook is reduced as shown in Table 3, the number of 8TX precoders can be reduced as shown in fourth column in Table 2. In that case, the number of 8TX precoders can be reduced to 248, where 8-bit is sufficient for joint TRI/TPMI indication. Thus, there is no issue on DCI indication overhead to support all the listed layer splitting cases with reduced number of candidates of fully-coherent precoders from Rel-15 UL 4TX codebook.
Regarding the FFS, some companies proposed to delete (3,2) and (4,3) so all the layers for each CW can be mapped to only one antenna group. In our views, such limitation on CW and antenna group mapping is unnecessary. In addition, it is beneficial to support different layer splitting cases as they are applicable to different channel conditions. Thus, it is preferred to support both (2,3) (3,4) and (3,2) (4,3).

Table 1 The number of fully-coherent precoders from Rel-15 UL 4TX codebook
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	All fully-coherent precoders
	16
	8
	4
	2



Table 2 The number of 8TX precoders based on fully-coherent precoders from Rel-15 UL 4TX codebook
	
	layer split
	Number of 8TX precoders
(Based on Table 1)
	Reduced number of 8TX precoders
(Based on Table 3)

	Rank=1
	(1,0)
	16
	8

	
	(0,1)
	16
	8

	Rank=2
	(2,0)
	8
	4

	
	(0,2)
	8
	4

	
	(1,1)
	256 (large number)
	64

	Rank=3
	(3,0)
	4
	4

	
	(0,3)
	4
	4

	
	(2,1)
	128 (large number)
	32

	
	(1,2)
	128 (large number)
	32

	Rank=4
	(4,0)
	2
	2

	
	(0,4)
	2
	2

	
	(2,2)
	64
	16

	Rank=5
	(3,2)
	32
	16

	
	(2,3)
	32
	16

	Rank=6
	(3,3)
	16
	16

	Rank=7
	(4,3)
	8
	8

	
	(3,4)
	8
	8

	Rank=8
	(4,4)
	4
	4

	Total number
	
	736
	248



Table 3 The reduced number of full-coherent precoders from Rel-15 UL 4TX codebook
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	Reduced number of candidates for fully-coherent precoders
	8
	4
	4
	2



Proposal 5
· For partially-coherent precoders with Ng=2, the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook should be reduced.
· For layer splitting cases for rank 5, support both (2,3) and (3,2).
· For layer splitting cases for rank 7, support both (3,4) and (4,3).
· Do not support to map all the layers for each CW to only one antenna group for rank>4.
· It is preferred to reduce the candidates of rank 1 fully-coherent precoders from Rel-15 UL 4TX codebook to 8, and to reduce the candidates of rank 2 fully-coherent precoders from Rel-15 UL 4TX codebook to 4.

Partially-coherent precoders with Ng=4

For partially-coherent precoders with Ng=4, following agreements on rank and layer splitting cases have been made.
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 agreed layer splitting cases for each rank, we analyzed the number of 8TX precoders first. Table 4 shows the number of fully-coherent precoders from Rel-15 UL 2TX codebook. Then the number of 8TX precoders based on all fully-coherent precoders from Rel-15 UL 2TX codebook is calculated and summarized in third column in Table 5. 
In summary, if all the fully-coherent precoders from Rel-15 UL 2Tx codebook are reused, we have identified that the number of 8TX precoders is too large in case of partially-coherent with Ng=4, compared with the number of non-coherent 8TX precoders and fully-coherent 8TX precoders. To reduce the number of 8TX precoders, one simple method is to reduce the candidates of fully-coherent precoders from Rel-15 UL 2TX codebook to generate new 8TX precoders. For example, if the number of fully-coherent precoders from Rel-15 UL 4TX codebook is reduced to two cases as shown in Table 6, the number of 8TX precoders can be reduced as shown in fourth and fifth column in Table 5. 
For case A, the number of 8TX precoders can be reduced to 232, where 8-bit is sufficient for joint TRI/TPMI indication. For case B, the number of 8TX precoders can be reduced to 123, where 7-bit is sufficient for joint TRI/TPMI indication. Since the difference on DCI overhead is only 1 bit in between, Case A, which achieves more diversity for components of precoders based on Rel-15 UL 2Tx with rank=2, is slightly preferred from performance perspective.

Table 4 The number of fully-coherent precoders from Rel-15 UL 2TX codebook
	
	Rank=1
	Rank=2

	All fully-coherent precoders
	4
	2



Table 5 The number of 8TX precoders based on fully-coherent precoders from Rel-15 UL 2TX codebook
	
	layer split
	Number of 8TX precoders
(Based on Table 4)
	Reduced number of 8TX precoders
(Based on Table 6)

	
	
	
	Case A
	Case B

	Rank=1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1) 
	16
	8
	8

	Rank=2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	8
	8
	4

	
	(1,1,0,0), (1,0,1,0), (1,0,0,1), (0,1,1,0), (0,1,0,1), (0,0,1,1) 
	96
	24
	24

	Rank=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)
	48
	24
	12

	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	256
	32
	32

	Rank=4
	(1,1,1,1)
	256
	16
	16

	
	(2,2,0,0), (2,0,2,0), (2,0,0,2), (0,2,2,0), (0,2,0,2), (0,0,2,2)
	24
	24
	6

	Rank=5
	(2,0,2,1), (0,2,2,1),
	32
	16
	4

	
	(1,1,2,1)
	128
	16
	8

	Rank=6
	(2,2,2,0), (2,0,2,2)
	16
	16
	2

	
	(2,1,2,1)
	64
	16
	4

	Rank=7
	(2,1,2,2)
	32
	16
	2

	Rank=8
	(2,2,2,2)
	16
	16
	1

	Total number
	
	992
	232
	123



Table 6 The reduced number of fully-coherent precoders from Rel-15 UL 2TX codebook
	
	Rank=1
	Rank=2

	Case A: Reduced number of candidates for fully-coherent precoders
	2
	2

	Case B: Reduced number of candidates for fully-coherent precoders
	2
	1



Proposal 6
· For partially-coherent precoders with Ng=4, the candidates of fully-coherent precoders from Rel-15 UL 2TX codebook should be reduced. 
· It is preferred to reduce the candidates of rank 1 fully-coherent precoders from Rel-15 UL 2TX codebook to 2.


4. Full power operation

In last RAN1 meeting, following agreements were made for full power transmission for 8TX UE.
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: 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.
· definition of precoder groups (G0, G1, …)
· enhancements for SRS configuration




For Mode1, the identification of precoders per rank should be discussed separately for non-coherent codebook, partially-coherent codebook with Ng=2 and partially-coherent codebook with Ng=4.
For Mode1, for non-coherent codebook, one additional precoder per rank (except rank 8) is needed to enable full power UL transmission. One precoder from 8TX partially-coherent precoders or 8TX fully-coherent precoders per rank can be predefined as the additional precoder for Mode1. If the additional precoder per rank is added based on current 8TX non-coherent precoders, one more bit is needed in DCI indication. To reduce the DCI indication overhead, one precoder per rank in current table can be replaced by the additional precoder for Mode1.
[bookmark: _Hlk141964078]For Mode1, for partially-coherent codebook with Ng=2, one additional precoder for rank 1 is needed to enable full power UL transmission. For other ranks, there exists precoders to enable full power UL transmission. Thus, one precoder from 8TX fully-coherent rank 1 precoders can be predefined as the additional precoder for Mode1. Introduction of this additional precoder will not increase the bit size of DCI indication, thus, it can be added in the end of current DCI indication table.
For Mode1, for partially-coherent codebook with Ng=4, one additional precoder is needed for rank 1, 2, and 3, respectively. For other ranks, there exists precoders to enable full power UL transmission. Thus, one precoder from 8TX fully-coherent precoders for rank 1, 2, and 3 can be predefined as the additional precoder for Mode1. Introduction of the three additional precoders will not increase the bit size of DCI indication, thus, they can be added in the end of current DCI indication table.

For Mode2, in Rel-16, six groups of precoders are defined and can be reported by 4TX UE. To support different PA architectures for 8TX UE, more groups of precoders could be needed for 8TX, which requires lots of spec. effort on group definition. An alternative method is to not define precoder groups enabling full power UL transmission, but to define minimum antenna/antenna group combinations enabling full power UL transmission. For example, for non-coherent UEs, if the PA architecture is [0, -9, -9, -9, -9, -9, -9, -9], UE can report (1,0,0,0,0,0,0,0) to indicate the full power is enabled by 1st antenna port only. If the PA architecture is [0, -9, -9, -9, 0, -9, -9, -9], UE can report 10000000 and 00001000 to indicate the full power is enabled by 1st antenna port or 5th antenna port. Of course NW can understand full power transmission can be also enabled by precoders using 1st antenna port and 5th antenna port at the same time. If the PA architecture is [-3, -3, -3, -9, -9, -9, -9, -9], UE can report 11000000, 10100000, and 01100000 to indicate full power is enabled by 1st + 2nd antenna ports, 2nd + 3rd antenna ports, and 1st + 3rd antenna ports, respectively. NW can also understand full power transmission could be enabled by precoders using 1st, 2nd and 3rd antenna ports at the same time. 
For Mode2, for partially-coherent UEs, whether full power transmission can be enabled can be considered per antenna group. For Ng=4, 4-bit per combination can be reported. For example, UE report of 1000 indicates full power can be enabled by precoders using 1st antenna group, while UE report of 1010 indicates full power can be enabled by precoders using 1st and 3rd antenna groups. Similarly, for Ng=2, 2-bit per combination can be reported. And UE only needs to report one or multiple combinations from 11, 10 and 01.

Proposal 7
· For full power Mode1,
· for non-coherent codebook, one additional precoder per rank (except rank 8) is needed to enable full power UL transmission. 
· for partially-coherent codebook with Ng=2, one additional precoder for rank 1 is needed to enable full power UL transmission.
· for partially-coherent codebook with Ng=4, one additional precoder is needed for rank 1, 2, and 3, respectively, to enable full power UL transmission.
· For full power Mode2,
· Define and report minimum antenna/antenna group combinations enabling full power UL transmission. Multiple combinations can be reported.
· for non-coherent UEs, 8-bit per combination is reported.
· for partially-coherent UEs with Ng=2, 2-bit per combination is reported.
· for partially-coherent UEs with Ng=4, 4-bit per combination is reported.

For full power Mode2, similar as legacy, UE can be configured with one or multiple SRS resources with same or different number of SRS ports, including 8-port SRS resources, within an SRS resource set with usage set to ‘codebook’. Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set. 

Proposal 8
· For full power Mode2, UE can be configured with one or multiple SRS resources with same or different number of SRS ports, including 8-port SRS resources, within an SRS resource set with usage set to ‘codebook’.

5. TRI/TPMI indication in DCI
Based on the agreed codebook subset configuration method, for a UE supporting multiple Ng cases, NW can configure a codebook type corresponding to one Ng value. Based on current codebook design, the number of precoders per rank for each Ng case is also different, thus, separate TRI/TPMI indication tables are needed for different Ng cases.

Indication for fully-coherent precoders
[bookmark: _Hlk141967979]For fully-coherent precoders, based on current agreement, the supported number of 8TX precoders is shown in Table 7. For this case, joint indication of TRI and TPMI can be applied, which is similar as legacy TRI/TPMI indication. Based on the new precoding matrix table, the TPMI index for each layer starts from 0. Thus, an example of TRI/TPMI indication for (N1, N2)=(4, 1) is shown in Table 8. An example of TRI/TPMI indication for (N1, N2)=(2, 2) is shown in Table 9. 

Table 7 The number of fully-coherent precoders for 8TX
	(N1, N2, O1, O2)
	Rank

	
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	(2, 2, 1, 1)
	16
	32
	24
	24
	8
	8
	8
	8
	128

	(4, 1, 1, 1)
	16
	32
	24
	24
	8
	8
	4
	4
	120



Table 8 Precoding information and number of layers, for fully-coherent precoders for (N1, N2)=(4, 1)
	Bit field mapped to index
	If configured with fully-coherent precoders

	0
	1 layer: TPMI=0

	…
	…

	15
	1 layer: TPMI=15

	16
	2 layer: TPMI=0

	…
	…

	47
	2 layers: TPMI=31

	48
	3 layers: TPMI=0

	…
	…

	71
	3 layers: TPMI=23

	…
	…

	…
	…

	112
	7 layers: TPMI=0

	…
	…

	115
	7 layers: TPMI=3

	116
	8 layers: TPMI=0

	…
	…

	119
	8 layers: TPMI=3

	120-
	Reserved



Table 9 Precoding information and number of layers, for fully-coherent precoders for (N1, N2)=(2, 2)
	Bit field mapped to index
	If configured with fully-coherent precoders

	0
	1 layer: TPMI=0

	…
	…

	15
	1 layer: TPMI=15

	16
	2 layer: TPMI=0

	…
	…

	47
	2 layers: TPMI=31

	48
	3 layers: TPMI=0

	…
	…

	71
	3 layers: TPMI=23

	…
	…

	…
	…

	112
	7 layers: TPMI=0

	…
	…

	119
	7 layers: TPMI=7

	120
	8 layers: TPMI=0

	…
	…

	127
	8 layers: TPMI=7



Proposal 9
· For codebook subset configuration of fully-coherent precoders for each (N1, N2) case, support joint indication of TRI and TPMI.
· For (N1, N2)=(4, 1), adopt Table 8.
· For (N1, N2)=(2, 2), adopt Table 9.

Indication for non-coherent precoders
For non-coherent precoders for 8TX, the number is shown in Table 10. Similar to fully-coherent precoders as shown in Table 8 and Table 9, joint indication of TRI and TPMI can be applied. One difference from fully-coherent precoders is that the TPMI index in new precoding matrix table for each layer is consecutively indexed. Thus, one example of TRI/TPMI indication is shown in Table 11.

Table 10 The number of non-coherent precoders for 8TX
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Number
	8
	28
	56
	70
	56
	28
	8
	1



Table 11 Precoding information and number of layers, for non-coherent precoders 
	Bit field mapped to index
	If configured with fully-coherent precoders

	0
	1 layer: TPMI=0

	…
	…

	7
	1 layer: TPMI=7

	8
	2 layer: TPMI=8

	…
	…

	35
	2 layers: TPMI=35

	36
	3 layers: TPMI=36

	…
	…

	91
	3 layers: TPMI=91

	…
	…

	…
	…

	247
	7 layers: TPMI=247

	…
	…

	254
	7 layers: TPMI=254

	255
	8 layers: TPMI=255




Proposal 10
· For codebook subset configuration of non-coherent precoders, support joint indication of TRI and TPMI.
· Adopt Table 11.

Indication for partially-coherent precoders with Ng=2
In RAN1#112bis meeting, following agreement was made.
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



Assuming the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook shown in Table 3, there are 8+4+4+2=18 candidates of 4TX precoders for an antenna group. Considering the case of only one antenna group is used, one additional candidate indication of none-precoder is needed, i.e., 19 candidates. Thus, 5-bit is needed for TPMI indication for one antenna group and 10-bit is needed for TPMI indication for up to two antenna groups. However, there will be many unused codepoint in this case because some layer splitting cases are not supported. With the assumption of Table 3, the total number of 8TX precoders can be reduced to 248 as analyzed in Table 2. In that sense, if joint RI and TPMI indication is applied, 8-bit is sufficient. Thus, Option 4 has less DCI indication overhead than Option 3. Similar table of precoding information and number of layers as Table 8/9/11 can be defined. Assuming the TPMI index in new precoding matrix table for each layer is consecutively indexed, one example of TRI/TPMI indication is shown in Table 12.

Table 12 Precoding information and number of layers, for partially-coherent precoders with Ng=2
	Bit field mapped to index
	If configured with fully-coherent precoders

	0
	1 layer: TPMI=0

	…
	…

	15
	1 layer: TPMI=15

	16
	2 layer: TPMI=16

	…
	…

	87
	2 layer: TPMI=87

	…
	…

	…
	…

	244
	8 layers: TPMI=244

	…
	…

	247
	8 layers: TPMI=247

	247-
	Reserved



To support Option 4, the candidates of 4TX precoders can be predefined with candidate index. An example of candidate index is shown in Table 13. In this case, the detailed indexing between TPMI per rank and the candidate index can be up to editor.

Table 13 The candidate index for full-coherent precoders from Rel-15 UL 4TX codebook (based on Table 3)
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	Reduced number of candidates for fully-coherent precoders
	8
	4
	4
	2

	Example 1 of candidate index
	0-7
	0-3
	0-3
	0-1

	Example 2 of candidate index
	0-7
	8-11
	12-15
	16-17



Proposal 11
· For codebook subset configuration of partially-coherent precoders with Ng=2, support joint indication of TRI and TPMI (an example is shown in Table 12). 
· The candidates of 4TX precoders can be predefined with candidate index (an example is shown in Table 13). The detailed indexing between TPMI per rank and the candidate index can be up to editor.

Indication for partially-coherent precoders with Ng=4
Generally speaking, the analysis on difference between Option 3 and Option 4 is similar as Ng=2. Taking Table 6-CaseA as an example, there are 2+2=4 candidates of 2TX precoders for an antenna group. Considering the case of only one antenna group is used, one additional candidate indication of none-precoder is needed, i.e., 5 candidates. Thus, 3-bit is needed for TPMI indication for one antenna group and 12-bit is needed for TPMI indication for up to four antenna groups. With the assumption of Table 6-CaseA, the total number of 8TX precoders can be reduced to 232 as analyzed in Table 5. In that sense, if joint RI and TPMI indication is applied, still 8-bit is used. Thus, Option 4 is preferred. Similar as Ng=2 case, the candidates of 2TX precoders can be predefined with candidate index, and the detailed indexing between TPMI per rank and the candidate index can be up to editor.

Proposal 12
· For codebook subset configuration of partially-coherent precoders with Ng=4, support joint indication of TRI and TPMI.
· The candidates of 2TX precoders can be predefined with candidate index. The detailed indexing between TPMI per rank and the candidate index can be up to editor.

6.  Conclusion
In this contribution, we discussed the performance evaluations of 8TX UL transmission, and potential enhancements to support 8TX UL transmission. We have following observations and proposals.

Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.

Proposal 1
· Confirm the working assumption to support dual CW for uplink transmission with rank>4.

Proposal 2
· UE does not expect UL-SCH indicator indicated as ‘0’ when scheduled rank>4. 
· UL-SCH indicator can be indicated as ‘0’ when scheduled rank<=4, and the enabled CW is used for CSI reporting (i.e. CSI-only PUSCH is supported only for scheduled rank <=4).

Proposal 3
· Support dual codewords and > 4 layers PUSCH transmission scheduled by DCI format 0_2.

Proposal 4
· For CG PUSCH, support following TP for TS 38.213.
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
HARQ process number
(if present)
set to all '0's
set to all '0's
set to all '0's
set to all '0's
Redundancy version
(if present)
set to all '0's
For the enabled transport block: set to all '0's
set to all '0's
For the enabled transport block: set to all '0's

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 
DCI format 0_1/0_2 
DCI format 1_0/1_2/4_1
DCI format 1_1/4_2
Redundancy version
(if present)
set to all '0's
For the enabled transport block: set to all '0's
set to all '0's
For the enabled transport block: set to all '0's



Proposal 5
· For partially-coherent precoders with Ng=2, the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook should be reduced.
· For layer splitting cases for rank 5, support both (2,3) and (3,2).
· For layer splitting cases for rank 7, support both (3,4) and (4,3).
· Do not support to map all the layers for each CW to only one antenna group for rank>4.
· It is preferred to reduce the candidates of rank 1 fully-coherent precoders from Rel-15 UL 4TX codebook to 8, and to reduce the candidates of rank 2 fully-coherent precoders from Rel-15 UL 4TX codebook to 4.

Proposal 6
· For partially-coherent precoders with Ng=4, the candidates of fully-coherent precoders from Rel-15 UL 2TX codebook should be reduced. 
· It is preferred to reduce the candidates of rank 1 fully-coherent precoders from Rel-15 UL 2TX codebook to 2.

Proposal 7
· For full power Mode1,
· for non-coherent codebook, one additional precoder per rank (except rank 8) is needed to enable full power UL transmission. 
· for partially-coherent codebook with Ng=2, one additional precoder for rank 1 is needed to enable full power UL transmission.
· for partially-coherent codebook with Ng=4, one additional precoder is needed for rank 1, 2, and 3, respectively, to enable full power UL transmission.
· For full power Mode2,
· Define and report minimum antenna/antenna group combinations enabling full power UL transmission. Multiple combinations can be reported.
· for non-coherent UEs, 8-bit per combination is reported.
· for partially-coherent UEs with Ng=2, 2-bit per combination is reported.
· for partially-coherent UEs with Ng=4, 4-bit per combination is reported.

Proposal 8
· For full power Mode2, UE can be configured with one or multiple SRS resources with same or different number of SRS ports, including 8-port SRS resources, within an SRS resource set with usage set to ‘codebook’.

Proposal 9
· For codebook subset configuration of fully-coherent precoders for each (N1, N2) case, support joint indication of TRI and TPMI.
· For (N1, N2)=(4, 1), adopt Table 8.
· For (N1, N2)=(2, 2), adopt Table 9.

Proposal 10
· For codebook subset configuration of non-coherent precoders, support joint indication of TRI and TPMI.
· Adopt Table 11.

Proposal 11
· For codebook subset configuration of partially-coherent precoders with Ng=2, support joint indication of TRI and TPMI (an example is shown in Table 12). 
· The candidates of 4TX precoders can be predefined with candidate index (an example is shown in Table 13). The detailed indexing between TPMI per rank and the candidate index can be up to editor.

Proposal 12
· For codebook subset configuration of partially-coherent precoders with Ng=4, support joint indication of TRI and TPMI.
· The candidates of 2TX precoders can be predefined with candidate index. The detailed indexing between TPMI per rank and the candidate index can be up to editor.
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Appendix
Table A-1: Simulation parameters
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	(1, 4, 2)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT
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