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1. BACKGROUND 
In RAN plenary #94, the WID for Rel-18 MIMO enhancements was finalized [1]. According to the WID, some enhancements for SRI/TPMI are necessary to enable 8 TX UE transmission. 

	Objective 5: 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.



To accomplish the objective, the scope of this agenda item centers on codebook design for 8TX, enhancements for dual CW operation, enhancements on SRS configuration, impacts resulted from coherency characteristics of such UEs as well as UE operation with full power. 

Based on the progress made in meeting #114 [2], the focus of the discussion for the next RAN1 meeting will be only on maintenance issues.

2. LIST OF COMPANIES’ PROPOSALS
	[bookmark: _Hlk142589747]InterDigital, Inc.
	Proposal 1: For UCI multiplexing by an 8TX UE when rank>4 and UL-SCH=‘0’ when no UL-SCH will be transmitted on PUSCH, the MCS of the selected CW which is the higher MCS index is used to determine rate matching for the multiplexed UCIs.
Proposal 2: Consider UE to report its capabilities on the number of antenna groups, supported type of antenna/panel structure or virtualization capability across UE antenna ports, etc.
Proposal 3: For Ng = 2, support configuration of at least one SRS resource set with at least 2 SRS resources where each SRS resource may have 1, 2, 3 or 4 SRS ports. For Ng=4, support configuration of at least one SRS resource set with at least 4 SRS resources where each SRS resource may have 1 or 2 SRS ports.
Proposal 4: On layer splitting for Ng =2 with rank 5 and rank 7, adopt only (2,3) for the case of rank 5 and (3,4) for the case of rank 7, for simplicity of the codebook design.
Proposal 5: To reduce signaling overhead associated to SRI/TPMI indication for a 8TX UE, support partial update of TPMI/SRI information for 8TX UE.
Proposal 6: For full power Mode1, having one precoder (all-ones vector) for each Ng should be the baseline, and for full power Mode2, an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources, where a maximum of 2 or 4 SRS resources in the set can be configured that is subject to UE capability.


	Huawei, HiSilicon
	Proposal 1: For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, configuration of up to two, or four SRS resource sets is not supported. 
Proposal 2: Consider to use the reserved NDI field of the disabled transport block for rank<=4 to reduce SRI overhead. 
Proposal 3：For PUSCH transmission by an 8TX UE, support to separately indicate rank and TPMI for fully coherent precoder. 
Proposal 4：For the indication of rank for fully coherent precoder, the #layer in {5, 6, 7, 8} is indicated if two TBs are enabled, and #layers in {1, 2, 3, 4} otherwise. 
Proposal 5：For partially coherent precoder with Ng=2 by an 8TX UE, support to confirm the working assumption of layer splitting for rank 5 and 7. 
Proposal 6：For PUSCH transmission by an 8TX UE, support to indicate two 4TX fully coherent precoders for partially coherent precoder with Ng=2. 
Proposal 7: Consider to use the reserved NDI field of the disabled transport block for rank<=4 to reduce the indication overhead of UL 8TX partially coherent precoder with Ng=2. 
Proposal 8: For PUSCH transmission by an 8TX UE, support to indicate up to four 2TX fully coherent precoders for partially coherent precoder with Ng=4. 
Proposal 9: For full power PUSCH transmission using fullPowerMode1 by an 8TX UE, support to use fully coherent 8TX precoders for rank 1, partially coherent 8TX precoders with Ng=2 for rank 2~3, and partially coherent 8TX precoders with Ng=4 for rank 4~7. 
Proposal 10: For full power PUSCH transmission using fullPowerMode2 by an 8TX UE, support to consider CAP3 and Example 2a, Example 3a and Example 4a of CAP2. 
Proposal 11: For full power PUSCH transmission using fullPowerMode2 by an 8TX UE, support to configure an SRS resource set with one or more 1-, 2-, 4-, 6- or 8-port SRS resources. 
Proposal 12: The beamformed CSI-RS should be considered to indicate UL precoders to UE.


	Ruijie Network Co. Ltd
	Proposal 1: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the working assumption by removing square brackets and keeping both candidates in square brackets.

	ZTE
	Proposal 1: The following highlighted change should be adopted in TS 38.211 on top of the endorsed CR.
Table 6.3.1.5-19: Precoding matrix  type C with one antenna group for three-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	...


Proposal 2: For non-coherent 8-Tx codebook,, the following highlighted change(s) are proposed on the top of the endorsed CR for TS 38.211.
	Table 6.3.1.5-8: Precoding matrix  type A with 8 antenna groups for transmission using eight antenna ports. Up to 8 layers are supported with transform precoding disabled and up to one layer with transform precoding enabled.
	TPMI index
	

	0 – 
	

where column  of , denoted , has an element 1 on the row corresponding to the port  on which layer  is to be transmitted, and element 0 in all other rows, ,
, where  if a layer is to be transmitted on port  and  otherwise, and for z, where  is defined by Table 5.2.2.2.5-4 of [6, TS 38.214]. 
TPMI indices  to  are mapped to values of , first by increasing values of the number of transmitted layers, and then by increasing values of  for a given number of layers.





Proposal 3: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the Working Assumptions of rank 5 and 7 with the following modification:
	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)] 




Proposal 4: Regarding partial-coh 8-Tx codebook design with Ng=2 or 4, the precoding matrix is scaled by , where Lmax is the max number of layers from the Ng=2 or 4 port group.
· Note: In such case, legacy coefficient(s) in the 2Tx/4Tx precoding matrix are ignored, i.e., only elements such as 1, -1, j, or -j, without coefficient, are used.
Proposal 5: Regarding codebook indication for 8-Tx, a joint indication of TPMI and rank for each 2/4 port groups should be supported.
· For Ng=2: two TPMI (rank and UL precoding info) each for a respective port group
· For Ng=4: four TPMI (rank and UL precoding info) each for a respective port group
Proposal 6: Regarding non-codebook SRI for 8-Tx, adopt an enumerated scheme for mapping SRI to the SRS resource combinations in TS 38.212 on the top of the endorsed CR, instead of an explicit formula which has not been agreed. 
Proposal 7: Regarding full power mode 1 for 8-Tx, support the precoders as in following table: 
	
	Extended precoders to support full power mode 1


	Ng=8
	For rank 1: , for rank 2: , for rank 4: 

	Ng=4
	For rank 1: , for rank 2: , for rank 3: 

	Ng=2
	For rank 1: 



Proposal 8: Regarding full power mode 2 for Rel-18 UL 8-Tx, 
· Each one of G0-Gn include one or more representative TPMIs/matrices;
· Then the power capability of other TPMI can be determined based on the representative TPMIs/matrices. 
Proposal 9: Regarding full power mode 2 for Rel-18 UL 8-Tx, suggest G0-G7 can be designed with the PA assumptions and representative TPMI(s)/matrices as below: 
	
	PA assumption
	Representative TPMI(s)/matrices


	G0
	(23,14,14,14,  14,14,14,14 )
	[1,0,0,0,  0,0,0,0]T 

	G1
	(23,14,14,14,  23,14,14,14 )
	[1,0,0,0,  0,0,0,0]T, [0,0,0,0,  1,0,0,0]T

	G2
	(20,14,14,14,  20,14,14,14 )
	[1,0,0,0,  1,0,0,0]T

	G3
	(23,14,23,14,  23,14,23,14 )
	[1,0,0,0,  0,0,0,0]T, [0,0,0,0,  1,0,0,0]T, [0,0,1,0,  0,0,0,0]T, [0,0,0,0,  0,0,1,0]T

	G4
	(20,14,20,14,  20,14,20,14)
	[1,0,0,0,  1,0,0,0]T, [0,0,1,0,  0,0,1,0]T

	G5
	(17,14,17,14,  17,14,17,14 )
	[1,0,1,0,  1,0,1,0]T

	G6
	(20,20,20,20,  20,20,20,20 )
	[1,0,0,0,  1,0,0,0]T, [0,0,1,0,  0,0,1,0]T, [0,1,0,0,  0,1,0,0]T, [0,0,0,1,  0,0,0,1]T

	G7
	(17,17,17,17,  17,17,17,17 )
	[1,0,1,0,  1,0,1,0]T, [0,1,0,1,  0,1,0,1]T





	Spreadtrum Communications
	Proposal 1:  For partial-coherent uplink precoding by an 8TX UE with Ng=2, support all combinations of layer splitting for rank=5 or 7 as follows. 
	Rank 
	All layers in one Antenna Group 
	Layers split across 2 Antenna Groups 

	5 
	
- 

	(2,3), (3,2) 

	7 
	
- 

	(3,4), (4,3) 


Proposal 2: Don’t support CSI-only PUSCH with rank>4 when the value of UL-SCH indicator is 0. 
Proposal 3: For partial-coherent 8TX precoding with Ng =2, support Option3, i.e. up to two 4TX TPMIs are indicated. - When one antenna group is used, a reserved codepoint is used in the TPMI field corresponding to the other antenna group. 
Proposal 4: For partial-coherent 8TX precoding with Ng =4, support up to four 2TX TPMIs. 
Proposal 5: When full power mode 1 is configured for a partial-coherent 8TX UE, the legacy precoder for full power mode 1 in UL 2TX/4TX codebooks can be indicated for each antenna group. When full power mode 1 is configured for a non-coherent 8TX UE, the TPMI size greater than 8 bits is needed to dynamically indicate the precoder. 


	vivo
	Proposal 1: For rank>4, if dual CW is supported, support one CW is transmitted from one antenna group 
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, 
0. At least the following combinations of layer splitting are supported o FFS: For rank>4, all the layers for each CW is mapped to only one antenna group 
0. Support both combination of layers split for rank =5 and 7. 
Proposal 3: At least precoders listed in section 2.1.1.1 shall be supported for Ng=2 partial coherent 8Tx codebook. 
Proposal 4: Based on the supported layers split combinations, at least precoders listed in section 2.1.1.2 shall be supported. 
Proposal 5: for 8Tx UE supporting dual CW, when the second CW is enabled, the redundant bit in TPMI field is used as NDI bit. 
Proposal 6: Rank>4 is not supported for CSI-only PUSCH transmission 
Proposal 7: Consider the following full power enhancement for CPE/FWA 8 Tx operation. 
1. Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices 
a) For Ng=2 partial-coherent case, only full power transmission precoder for rank=1 is needed 
b) For Ng=4 partial-coherent case, only full power transmission precoders for rank=1, 2 and 3 are needed 
2. Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs 
a) For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping 


	Intel Corporation
	Proposal-1: For partially coherent uplink precoding by an 8TX UE, Ng=2, when rank>4, layers for each CW can be mapped to either or both of the antenna groups without additional shuffling 
Proposal-2: TPMI indication of a full-coherent codebook is by a single index mapped to 𝒊𝒙 components. In order to reduce TPMI overhead consider introducing configurable restrictions on TPMI parameters 𝒊𝟏,, 𝒊𝟏,𝟐, 𝒊𝟏,𝟑, and 𝒊𝟐. 
Proposal-3: TPMI indication of a partial-coherent codebook (Ng=2 or Ng=4) is by a single index mapped to 2 or 4 Rel-15 TPMI components. Consider restrictions on layer-split options in order to reduce TPMI overhead. 
Proposal-4: Consider flexible rank restriction (bitmap) to reduce the DCI overhead for TPMI indication.


	Sony
	Proposal 1: RAN1 should confirm the working assumption.
0. For uplink transmission with rank>4, support dual CW transmission.
Proposal 2: A second set of NDI and RV fields for the second CW should be explicitly indicated by new fields contained in the UL grant.
Proposal 3: Supporting CSI-only PUSCH when rank>4 is not necessary in Rel-18


	Lenovo
	Proposal 1: Do not support (3,2) or (4,3) for Ng=2. 
Proposal 2: Add data layer duplication (SFN) transmission scheme for full power transmission. 
Proposal 3: Use the same precoding matrix for antenna groups transmitting the same data layers. 
Proposal 4: Add at least (1,1) for Ng=2 full power mode 1, where green number represents duplicated data layers. 
Proposal 5: Add at least (1,1,1,1), (2,2,2,2), (1,1’,1,1’) for Ng=4 full power mode 1, where green number represents duplicated data layers. 
Proposal 6: For non-coherent UE, add (1,1,1,1,1,1,1,1) for rank 1 transmission. 
Proposal 7: Adopt the subset of TPMIs from the above table for full power mode 2 transmission. 
Proposal 8: Support configuration of SRS resources with 1, 2 or 4 ports.

	Google
	Proposal 1: The UL FP transmission should be defined for the following cases: 
0. Case 1: Ng = 2, rank = 1 
0. Case 2: Ng = 4, rank < 4 
0. Case 3: Ng = 8, rank < 8 
Proposal 2: For UL FP mode 1, support the gNB to indicate the first full-coherent precoder for the corresponding rank for the following cases: 
0. Case 1: Ng = 2, rank = 1 
0. Case 2: Ng = 4, rank < 4 
0. Case 3: Ng = 8, rank < 8 
Proposal 3: The following precoder groups are defined for UL FP transmission mode 2: 
0. Group 1: Precoders with NZP ports including port {1000} 
0. Group 2: Precoders with NZP ports including port {1001} 
0. Group 3: Precoders with NZP ports including port {1002} 
0. Group 4: Precoders with NZP ports including port {1003} 
0. Group 5: Precoders with NZP ports including port {1004} 
0. Group 6: Precoders with NZP ports including port {1005} 
0. Group 7: Precoders with NZP ports including port {1006} 
0. Group 8: Precoders with NZP ports including port {1007} 
0. Group 9: Precoders with NZP ports including port {1000, 1004} 
0. Group 10: Precoders with NZP ports including ports {1001, 1005} 
0. Group 11: Precoders with NZP ports including ports {1002, 1006} 
0. Group 12: Precoders with NZP ports including ports {1003, 1007} 
0. Group 13: Precoders with NZP ports including ports {1000, 1001, 1004, 1005} 
0. Group 14: Precoders with NZP ports including ports {1002, 1003, 1006, 1007} 
Proposal 4: Support the UE to report the UE capability indicating whether the UE supports UL FP transmission when 2 or 4 ports SRS is indicated. 
Proposal 5: For Ng=2, support layer split (2, 3) and (3, 2) for rank 5, and layer split (3, 4) and (4, 3) for rank 7. 
0. Support the UE report the UE capability indicating whether the UE supports layer split (3, 2) and (4, 3) 
Proposal 6: Support the 8Tx UE to report the UE capability with regard to spatial domain fallback operation, including: 
0. Supported UL full power mode when it is configured as 2Tx, 4Tx and 8Tx based UL transmission 
0. Supported codebook coherency subset when it is configured as 2Tx, 4Tx and 8Tx based UL transmission 
Proposal 7: For precoder indication, support option 4 (a single 8Tx TPMI is indicated). 
Proposal 8: Support CSI-only PUSCH with rank>4. 
0. UE transmits the CSI on all the scheduled layers 


	LG Electronics
	Proposal 1: For full coherent codebook, do not additionally support precoders from Alt2a. 
Proposal 2: Support Ng=2 and Ng=4 for fully coherent codebook.
Proposal 3: For Ng=2 partial coherent codebook, confirm working assumption regarding layer splitting for rank 5 and 7. 
Proposal 4: For indication of a partial-coherent codebook with Ng=2 and Ng=4 for PUSCH transmission by an 8Tx UE, up to 10 bits are used. 
Proposal 5: Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UL transmission. 
Proposal 6: Reuse UL DMRS antenna port indication field for NDI and/or RV field indication of 2nd CW in order to reduce DCI overhead. 
Proposal 7: For a single UL-SCH indicator when rank>4, CSI-only PUSCH transmission is not supported. When gNB schedules 2CW UL transmission (rank>4), UE assumes UL-SCH indicator is always “1” and UE can ignore UL-SCH field. 
Proposal 8: For full power mode 1, include one TPMI (e.g., lowest index) from full coherent codebook for non/partial coherent UE with following ranks 
0. Rank 1-7 for non-coherent UE 
0. Rank 1 for partial coherent UE with Ng=2
0. Rank 1-3 for partial coherent UE with Ng=4


	CATT
	Proposal 1: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, the following layer splitting cases are supported: 
0. For rank = 5, both (2,3) and (3,2) are supported; 
0. For rank =7, both (3,4) and (4,3) are supported. 
Proposal 2: For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, one of the following is supported: 
0. Alt 1: For each rank and layer splitting case, all of UL 2TX full-coherent precoders are used to generate the UL 8TX precoders. 
0. Alt 2: For rank ≥ 3, down select the UL 8TX precoders to save the payload of TPMI indication. 
Proposal 3: On TPMI/TRI indication for precoders for Ng = 1, the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI.
Proposal 4: On TPMI/TRI indication for precoders considered for Ng = 2, 
0. When maxRank = 1 or 2, the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI. 
0. When maxRank > 2 is configured, one of the following schemes is adopted: 
· Alt 1: the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI; 
· Alt 2: Two 4TX TPMI/TRIs are indicated by two groups of bits separately, with each group of bits corresponding to a coherent antenna group and one value of each group of bits indicates TRI= 0 (i.e., the antenna ports corresponding to the group are unused). 
Proposal 5: On TPMI/TRI indication for precoders considered for Ng = 4, the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI. 
Proposal 6: For an 8TX UE, CSI-only PUSCH with rank>4 is supported. 
Proposal 7: For codebook based 8TX PUSCH transmission, maxRank and maxRankDCI-0-2 are used to indicate whether two CWs transmission is enabled for DCI format 0_1 and 0_2 respectively. 
Proposal 8: For non-codebook based 8TX PUSCH transmission, maxMIMO-Layers is used to indicate whether 2 CWs transmission is enabled. 
Proposal 9: For 8Tx of Rel-18 FTxP Mode 1, the following principles are considered on the codebook subset design:
0. For the codebook subset for a given Ng, all precoders are kept, and some TPMIs that capable of producing full power transmission are introduced. Only for the rank value(s) where full power transmission in UL is not achievable, TPMI(s) that capable of producing full power transmission are introduced; 
0. For an 8 Tx codebook subset with multiple antenna ports in a coherent group, multiple TPMIs with different co-phasing profile across antenna ports in the same coherent group are introduced for the rank value(s) where full power transmission in UL is not achievable; 
0. For 8Tx codebook subset with only one antenna port in a coherent group (i.e., Ng =8), only one TPMI is added for the rank value(s) where full power transmission in UL is not achievable. 
Proposal 10: For 8Tx of Rel-18 FTxP Mode 1, for the codebook subset for Ng = 8, the following TPMIs are introduced: 
0. For rank =1, TPMI = 0 for Ng=1; 
0. For rank =2 and 3, the TPMI with lowest index in the TPMIs that capable of producing full power transmission for Ng=2; 
0. For rank =4 ~7, the TPMI with lowest index in the TPMIs that capable of producing full power transmission for Ng=4. 
Proposal 11: For 8Tx of Rel-18 FTxP Mode 1, for the codebook subset for Ng = 2, one of the following alternatives on introducing TPMIs for rank =1 is adopted: 
0. Alt 1: TPMI = 0~15 for (N1, N2) = (2, 2) (i.e., TPMI = 0~15 in Table 6.3.1.5-17 in TS 38.211); 
0. Alt 2: TPMI = 0~3 for (N1, N2) = (4, 1) or (N1, N2) = (2, 2) (i.e., TPMI = 0~3 in Table 6.3.1.5-9 or Table 6.3.1.5-17 in TS 38.211) and TPMI = 8~11 for (N1, N2) = (4, 1) or TPMI = 4~7 (N1, N2) = (2, 2) (i.e., TPMI = 8~11 in Table 6.3.1.5-9 or TPMI = 4~7 in Table 6.3.1.5-17 in TS 38.211); 
Proposal 12: For 8Tx of Rel-18 FTxP Mode 1, for the codebook subset for Ng = 4, the following TPMIs are introduced for rank =1:
0. TPMI = 0~3 for (N1, N2) = (4, 1) or (N1, N2) = (2, 2) (i.e., TPMI = 0~3 in Table 6.3.1.5-9 or Table 6.3.1.5-17 in TS 38.211). 
Proposal 13: For 8Tx of Rel-18 FTxP Mode 1, for the codebook subset for Ng = 4, TPMIs that capable of producing full power transmission in the codebook subset for Ng=2 are introduced for rank =2 and 3. 
Proposal 14: For Rel-18 PUSCH transmission with FTxP Mode 2, the maximum number of SRS resources in an SRS resource set with usage set to 'codebook' is 4. 
Proposal 15: For Rel-18 PUSCH transmission with FTxP Mode 2, configuring one or multiple 8-port SRS resources in an SRS resource set with usage set to 'codebook' is allowed. 
Proposal 16: For Rel-18 PUSCH transmission with FTxP Mode 2, a number of bits are used to indicating 8Tx TPMIs which can deliver UL full power, with each entry of the bits indicating one or multiple a group of 8Tx TPMIs. 
Proposal 17: For Rel-18 PUSCH transmission with FTxP Mode 2, the following PA combinations are considered as a starting point on indicating TPMIs that can deliver UL full power: 
0. Option 1: Only one PA is capable of deliver UL full power; 
0. Option 2: The combination of PAs for antenna ports of one coherent group of Ng = 2 is capable of deliver UL full power; 
0. Option 3: The combination of PAs for antenna ports of one coherent group of Ng = 4 is capable of deliver UL full power; 
0. Option 4: The combination of PAs for any 2 antenna ports is capable of deliver UL full power; 
0. Option 5: The combination of PAs for any 4 antenna ports is capable of deliver UL full power. 
Proposal 18: Delete the following wording in section 6.1.4.2 of TS38.214: 
“For eight antenna ports PUSCH transmission, when PUSCH transmission layer is greater than 4, two codeword transmission is enabled.” 
Proposal 19: On RRC parameters indicating codebook subsets for codebook based 8TX PUSCH transmission, 
0. Change the description of the following two parameters as follows:
[image: ]
0. Add the following two parameters:
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	NEC
	Proposal 1: For layer splitting of 5 layers and 7 layers, slightly prefer to support only (2,3) for 5 layers and (3,4) for 7 layers. 
Proposal 2: Prefer to not support rank >4 in case of CSI-only PUSCH. 
Proposal 3: Do not support more than one SRS resource set for codebook based UL transmission.

	Fujitsu
	Proposal 1: Regarding the encoding between rank indication and precoder indication, joint encoding is slightly preferred considering DCI overhead reduction. 
Proposal 2: For full coherent precoder indication, the index of the 8-port precoding matrix could be indicated. 
Proposal 3: For 8-port partial coherent precoders with Ng=2, up to two Rel-15 4Tx full coherent precoders could be indicated in DCI to construct the partial coherent precoder. 
Proposal 4: For 8-port partial coherent precoders with Ng=4, up to four Rel-15 2Tx full coherent precoders could be indicated in DCI to construct the partial coherent precoder. 
Proposal 5: For 8-port non-coherent precoders, the index of the 8-port non-coherent precoder could be indicated in DCI. 
Proposal 6: Regarding the Ng value reporting and precoders configuration, the following should be supported: o For non-coherent UE, the supported Ng value should be reported as {8} 
0. For partial coherent UE with four antenna groups, the supported Ng value should be reported as {4,8} 
0. For partial coherent UE with two antenna groups, the supported Ng value should be reported as {2,4,8} 
0. For full coherent UE, the supported Ng value should be reported as {1,2,4,8} 
Proposal 7: For full power Mode 1, the Ng value reporting and precoder configuration should be further discussed. 
Proposal 8: For non-coherent UE supporting full power Mode 1, at least the full coherent precoder could be configured for Rank-1. 
Proposal 9: For full power Mode 2 operation, the UE could be configured with SRS resources of same number of ports or different number of ports within one SRS resource set.
 

	CMCC
	Proposal 1: Support jointly indication of TRI and TPMI, up to 9 bits and 10 bits are needed for Ng=2 and Ng=4, respectively, where the number of bits depends on the configured maxRank.
Proposal 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) 


Proposal 3: For fullpowerMode1, at least one full coherent precoder for rank=1, rank=2, …, rank=7 should be selected for full power transmission, respectively. 
Proposal 4: For fullpowerMode2 with SRS enhancement, a maximum of 2 or 4 SRS resources with 8 ports, 4 ports, 2 ports, or 1 port can be supported for usage set to ‘codebook’ in a set to not increase the overhead of SRI field in DCI.


	Apple
	Proposal 1: For partially-coherent codebook with 8Tx UL and Ng=2, 
0. No further down-selection of layer splitting combinations 
0. All the 4Tx FC precoders are supported for the agreed layer splitting combinations. 
0. 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.
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Proposal 5: For a partially-coherent UE with Ng=4 with full power Mode 1, support the following precoders for rank = 1, 2, 3.
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Proposal 6: For a non-coherent UE with full power Mode 1, support the following precoders for rank = 1 to 7[image: A number on a white background

Description automatically generated]
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.


	Xiaomi
	Proposal 1: For Rel-18 UL 8Tx fully-coherent codebook, support NR Rel-15 single panel DL Type I codebook with removing the duplicated codewords. The cardinality of Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) and (2,2) are 107 and 113, respectively.
Proposal 2: Support of [(2,3), (3,2)] and [(3,4), (4,3)] as combinations of layer splitting for rank=5 and rank=7, respectively.
Proposal 3: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, suggest to select a subset of Rel-15 UL 4Tx fully-coherent codebook, and the suggested number of Rel-15 UL 4Tx fully-coherent codewords for rank=1-4 are 10, 4, 2, and 1, respectively.
Proposal 4: Following the DL Rel-15 codeword to layer mapping rule, do not support that all the layers for each CW is mapped to only one antenna group for rank>4.
Proposal 5: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, the following codebook subset(s) are suggested, resulting total 255 codewords with Rel-15 UL 4Tx fully-coherent codebook.
Proposal 6: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, suggest to select a subset of Rel-15 UL 2Tx fully-coherent codebook, and the suggested number of Rel-15 UL 2Tx fully-coherent codewords for rank=1 and 2 are 2 and 2, respectively.
Proposal 7: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, the following codebook subset(s) are suggested, resulting total 232 codewords with Rel-15 UL 2Tx fully-coherent codebook.
Proposal 8: For Rel-18 UL 8Tx fully-coherent codebook, joint indication of TRI and TPMI with up to 7 bits is preferred.
Proposal 9: For Rel-18 UL 8Tx partially-coherent codebook, joint indication of TRI and TPMI with up to 8 bits is preferred.
Proposal 10: For Rel-18 UL 8Tx non-coherent codebook, support joint indication of TRI and TPMI by up to 8 bits.
Proposal 11: For Rel-18 UL 8Tx fully/partially/non-coherent codebook, support joint indication of TRI and TPMI as legacy.
Proposal 12: For full power Mode1, 8Tx partially-coherent UE with Ng=2, new codebook subset includes,
Proposal 13: For full power Mode1, 8Tx partially-coherent UE with Ng=4, new codebook subset, includes
Proposal 14: For full power Mode1, 8Tx non-coherent UE with Ng=8, new codebook subset includes the following precoders
Proposal 15: For 8Tx UEs configured with full power Mode2, a maximum of 4 SRS resources is supported for SRS resource set with usage set to ‘codebook’.
Proposal 16: For full power Mode2 and 8Tx UEs, an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.
Proposal 17: The UE supported TPMI groups should be defined for Ng=2/4/8 separately according to applied PA architectures.


	NTT DOCOMO, INC.
	Proposal 1: Confirm the working assumption to support dual CW for uplink transmission with rank>4. 
Proposal 2: 
0. UE does not expect UL-SCH indicator indicated as ‘0’ when scheduled rank>4. 
0. 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. 
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Proposal 5: For partially-coherent precoders with Ng=2, the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook should be reduced. 
0. For layer splitting cases for rank 5, support both (2,3) and (3,2). 
0. For layer splitting cases for rank 7, support both (3,4) and (4,3). 
0. Do not support to map all the layers for each CW to only one antenna group for rank>4. 
0. 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.
0. 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,
0. for non-coherent codebook, one additional precoder per rank (except rank 8) is needed to enable full power UL transmission.
0. for partially-coherent codebook with Ng=2, one additional precoder for rank 1 is needed to enable full power UL transmission.
0. 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.
0. for non-coherent UEs, 8-bit per combination is reported.
0. for partially-coherent UEs with Ng=2, 2-bit per combination is reported.
0. 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.
0. For (N1, N2)=(4, 1), adopt Table 8.
0. 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.
0. 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).
0. 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.
0. 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.


	OPPO
	Proposal 1: The following parameters can be considered as RRC parameters for 8Tx codebook 
0. RI restriction, which would impact the TPMI size 
0. CBSR, which indicates the available codebook subsets for 8Tx CB 
Proposal 2: For partial-coherent uplink codebook with Ng=2, agree on one of the following options: 
- Support (2,3) for rank=5 and only (3,4) for rank=7, or 
- Support all the layers for one CW mapped to one antenna group for rank >4. 
Proposal 3: For partial-coherent uplink codebook with Ng=2 and 4, consider CBSR to basic precoders to keep the codebook size comparable to full coherent codebook. 
Proposal 4: For an 8TX UE, it is not needed to support CSI-only PUSCH when rank>4. 
Proposal 5: Multiple SRS resource sets for CB or NCB based 8-port uplink transmission is not needed. 
Proposal 6: one SRI/TRI/TPMI indication is sufficient for uplink codebook based 8-port transmission. 
Proposal 7: Rel-16 full power Mode 2 for uplink 8Tx transmission can be deprioritized.


	Nokia, Nokia Shanghai Bell
	Proposal 1: Consider limiting the total number of precoders of rank-2 layer-split (1, 1) to 64. 
Proposal 2: Consider limiting the total number of precoders of rank-3 layer-split (1, 2) and layer-split (2, 1) to 64. 
Proposal 3: The maximum number of 8Tx partially coherent precoders for Ng=2 shall be up to 256 (8-bits TPMI). 
Proposal 4: Consider using a limited number of rank-1 2Tx precoders for 3-group and 4-group transmissions of Ng=4 layers-splits. 
Proposal 5: The maximum number of 8Tx partially coherent precoders for Ng=4 shall be up to 256 (8-bits TPMI). 
Proposal 6: Study other possible implementations other than Ng=2 and Ng=4 
Proposal 7: Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure UE with one of supported Ng values. Based on UE indicated capability of supporting Ng, UE can be configured to operate with its supported Ng values with RRC. 
Proposal 8: Further study is needed to mitigate the spec impact on SRI table to support 8TX NCB Tx. 
Proposal 9: For rank-1 UL Tx with full Tx power mode-1, support the precoder for 8Tx non-coherent and partial-coherent precoding: 𝑊=12√2[ 11111111] 
Proposal 10: For rank-2 UL Tx with full Tx power mode-1, support a subset of Ng=2 precoders with layer-split (1, 1) for 8Tx non-coherent and partial-coherent precoding. 
Proposal 11: For rank-4 UL Tx with full Tx power mode-1, support a subset of Ng=2 precoders with layer-split (2, 2) for 8Tx non-coherent and partial-coherent precoding. 
Proposal 12: Support rank 1, 2, and 4 for UL 8Tx with fullpowerMode1. De-prioritize the support of rank 3, 5, 6, 7, and 8 precoders.


	Samsung
	Proposal 1: reuse DL Type I codebook parameters (𝑁𝑔, 𝑁1, 𝑁2) to describe/configure 8Tx UL codebook for different coherence types 
0. FC: (𝑁𝑔, 𝑁1, 𝑁2, 𝑃) = (1,4,1,2), (1,2,2,2) 
0. PC: (𝑁𝑔, 𝑁1, 𝑁2, 𝑃) = (2,2,1,2), (4,1,1,2) 
0. NC: (𝑁𝑔, 𝑁1, 𝑁2, 𝑃) = (8, −, −, −) 
0. FC/PC precoders: comprises two components
· selection of antenna group(s) 
· precoder associated with the selected antenna group(s) 
0. NC precoders: selection of antenna group(s), where a group comprises single antenna 
Proposal 2: the payload of 8Tx precoder indication is at most 8 bits. 
Proposal 3: for 8Tx PC precoders, support separate indication of (i) up to 𝑁𝑔 FC TPMIs and (ii) the mapping/ordering of the TPMIs to 𝑁𝑔 groups 
0. For (i), the UE is indicated with 𝑛 ∈ {1, … , 𝑁𝑔} 𝑁𝑔-Tx FC TPMI(s), where 𝑛-th TPMI corresponds to rank 𝑙𝑥𝑛 
0. For (ii), the UE is indicated with the mapping/ordering (𝑥1, … , 𝑥𝑛 ) via higher layer or MAC CE 
Proposal 4: for 𝑁𝑔 = 2 
0. Support confirming the working assumption on the layer splitting values for rank 5 and 7 
0. Support indication of {𝑙 } values according to Table 1 and the mapping (𝑥1, 𝑥2) ∈ {(1,2), (2,1)}. 
0. Do not support the restriction that all the layers for each CW is mapped to only one antenna group 
Proposal 5: for 𝑁𝑔 = 4 
0. Support indication of {𝑙 } values according to Table 2 and the mapping/ordering (𝑥1, 𝑥2, 𝑥3, 𝑥4). 
0. when four 2Tx TPMIs (5th column in Table 2) are indicated and maxRank (configured via RRC) >= 5, then only precoders with BPSK (1, -1) entries can be indicated. 
Proposal 6: 
0. support TPMI payload reduction based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix 
0. support Option 3 regarding partially coherent 8TX precoding with Ng =2 o When one 4Tx TPMI is indicated, the corresponding antenna group is indicated separately 
Proposal 7: 
For Mode1, support only one FC TPMI (TPMI 0) for each rank without full power o Ng=8: rank 1, 2, …, 7 
0. Ng=4: rank 1, 2, 3 
0. Ng=2: rank 1 
For Mode2, 
0. Support as many PA architectures as possible 
0. Support a SRS resource set with SRS resources with different number of ports from {1,2,4,8} 
0. TPMI group:
· For 2 or 4 port SRS resource: support legacy (Rel.16) 2Tx and 4Tx TPMI groups 
· For 8 port SRS resource, support
· For Ng=2, 8Tx full power TPMI groups include 8Tx precoders that are based on one Rel.15 UL 4Tx FC TPMI. 
· For Ng=4, 8Tx full power TPMI groups include 8Tx precoders that are based on one, two, or three Rel.15 UL 2Tx FC TPMIs. 
· For Ng=8, support TPMI groups based on legacy 4Tx TPMI groups 
· 1 legacy 4Tx TPMI group: one or both of [𝑔1 0 ], [ 0 𝑔2] 
· 2 legacy 4Tx TPMI groups: [𝑔1 0 0 𝑔2]. 
Proposal 8: 
0. regarding 2 CWs for > 4 layers, confirm the working assumption 
0. Do not support CSI-only PUSCH when rank > 4 


	Sharp
	Proposal 1: We don’t support the working assumption for the layer splitting. 
Proposal 2: Support the all layer combination in case of Ng = 2. 
Proposal 3: Downselect the following alternatives for the required bits associated with the layer splitting at Ng=4 case. 
0. Alt. a: 10 bits with no addition of PMI candidates to the agreed layer combinations. 
0. Alt. b: 10 bits with addition of up to 24 PMI candidates to agreed layer combinations. 
0. Alt. c: 11 bits with addition of up to 1048 PMI candidates to the agreed layer combinations. 
Proposal 4: For fullpowermode 1, support Alt. 3 (introduce a new procedure which can light up the all antenna ports with no additional PMI candidates for Ng=2 and Ng=4).


	FGI
	Proposal 1: Support configuration of at least one SRS resource set, configured with 𝟖/𝑴 of M-port SRS resources for SRS configuration supporting codebook-based UL transmission by an 8TX UE (𝑴=𝟐,). 
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, 
0. 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)




	Ericsson
	Proposal 1: Limit the TPMI/TRI overhead to 8 bits for UL 8 Tx PC codebooks with 𝑵𝒈=𝟐, by restricting the oversampling factor to 𝑶𝟏=𝟏 for the 4 Tx FC precoders used to construct the 8 Tx PC precoders. 
Proposal 2: Limit the TPMI/TRI overhead to 7 bits for UL 8 Tx PC codebooks with 𝑵𝒈=𝟒, by restricting the co-phasing factors to 𝟏,−𝟏 between the antenna ports of 2 Tx FC precoders used to construct the 8 Tx PC precoders. 
Proposal 3: A codebook for use only with UL FPTx Mode 1 is designed based on non-coherently combining within port groups and selecting combinations of these groups, such that the number of ports per layer is nearly equal and the total number of ports occupied by a precoding matrix is less than or equal to 8 ports. The antenna port groups are equally sized, and have 2, 4, or 8 ports per group. 
Proposal 4: The TPMI/TRI field for the UL FPTx Mode 1 8 Tx codebook uses 5 bits for up to 8 layers. 
Proposal 5: The NC Mode 1 codebook uses group selection of all possible combinations of port groups containing 2, 4, or 8 ports, with near-equal number of ports per layer, and striving for one group per layer, such that 28/33 
0. For each of ranks 1-4, group selection is over groups containing 2, 4, and/or 8 ports.
· Ranks {1,2,3,4} use {7,7,5,1} precoders with {{1,2,4}, {2,4}, {3,4}, or {4}} groups per precoder. 
0. For each of ranks 5-8, group selection is over groups containing 2 ports. 
· Ranks {5,6,7,8} use {5,5,1,1} precoders with {{3,4}, {3,4}, {4}, or {4}} groups per precoder. 
0. 8 port group used are ports {0,1,2,3,4,5,6,7}; 4 port groups used are ports {0,1,4,5} and {2,3,6,7}; and 2 port groups are ports {0,4}, {1,5}, {2,6}, and {3,7}. 
Note: While port groups are the same as for fully- or partially-coherent transmission, antenna ports are combined non-coherently. 
Proposal 6: 16 rank 1 precoders are specified for UL FPTX Mode 1 with 𝑵𝐠=𝟐 partially coherent precoding, where one layer is carried by two groups and the precoding combines ports in different groups non-coherently. The (‘non-Mode 1’) 𝑵𝐠=𝟐 rank 1 precoders where one group is selected are also supported when the UE is configured for UL FPTX Mode 1. 
Proposal 7: Precoders with 4 active groups (that is, layers splits (1,1,1,1)) are specified for rank 1, 2, and 3 precoders for UL FPTX Mode 1 with 𝑵𝐠=𝟒 partially coherent precoding. 
Proposal 8: An 𝑵𝐠=𝟒 codebook used with UL FPTx Mode 1 configured does not contain precoders for rank 2 and rank 3 that correspond to layer splits {(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)} for rank 3 and {(1,0,1,0), (0,1,0,1), (1, 0, 0, 1)} for rank 2 
Proposal 9: 7 bits TPMI/TRI is used for the 𝑵𝐠=𝟒 codebook for UL FPTx Mode 1 
Proposal 10: Full power Mode 2 with full power TPMIs can be configured with at most one TPMI per each of ranks 1-8. 
Proposal 11: Full power Mode 2 with multiple SRS resources can be configured with one or more of 1, 2, 4, or 8 SRS port resources in an SRS resource set. 
Proposal 12: As a first preference, define which ports of port groups are mutually coherent in RAN1 specifications. If this is not agreeable, conclude that RAN1 assumes that RAN4 will define relative phase requirements within port groups for partially coherent operation, and so no RAN1 specification of port group coherence is needed for 8 Tx. 
Proposal 13: Focus RAN1 discussions on precoder structure and codebook size rather than how to signal TPMIs for as yet undefined codebooks. 
Proposal 14: A PDCCH carries a single TPMI/TRI field for 8 Tx operation, where the indicated precoder corresponds to one SRS resource.


	Qualcomm Inc.
	Proposal 1: For 8 Tx PUSCH in Rel-18, Ng=2, 4 are not applicable to fully coherent 8 Tx. 
Proposal 2: Adopt the following update to 8Tx full coherent codebook 
0. Remove the 13 redundant precoders in 8 TX fully coherent codebook with (N1=4, N2=1). Add 21 nonDFT precoders to the codebook as in Table 4. 
0. Remove the 16 redundant precoders in 8 TX fully coherent codebook with (N1=2, N2=2). Add 17 nonDFT precoders to the codebook as in Table 5. 
Proposal 3: For partially coherent uplink precoding by an 8TX UE, Ng=2, 
0. 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 
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Proposal 4: For partially coherent uplink precoding by an 8TX UE codebook, 
0. When Ng=2, do not support using Rel-15 UL 4 TX partial-coherent precoders to construct 8 Tx partial coherent codebook. 
0. When Ng=4, do not support using Rel-15 UL 2 TX partial-coherent precoders to construct 8 Tx partial coherent codebook. 
Proposal 5: For SRS configuration for non-codebook UL transmission for an 8TX UE, further support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
Proposal 6: In Section 7.3.1.1.2 and 7.3.1.1.3 of TS 38.212, for SRI indication for NCB-based 8TX PUSCH transmission with 𝑵𝑺𝑹𝑺>𝟒, remove the pseudo codes and list the mapping explicitly between each value of “Bit field mapped to index” to “SRI(s)”. 
Proposal 7: For a rank>4 PUSCH without UL-SCH, UCIs are multiplexed on the CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW). The MCS of the selected CW is used to determine rate matching for the multiplexed UCIs. 
Proposal 8: To support full power transmission with Mode 1 for 8 Tx noncoherent and partial coherent codebooks, 
0. For 8 Tx noncoherent codebook, introduce the following precoders for full power transmission. 
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0. For partial coherent codebook with Ng=2 and Ng=4, introduce the following precoders for full power transmission 
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	CEWiT
	Proposal 1: Support CSI-only PUSCH for 8Tx UE when rank > 4 
Proposal 2: Study methods to divide the UCI payload across multiple codewords in case of rank > 4


	KDDI Corp.
	Proposal 1: CSI-only PUSCH (UL-SCH=0) is not supported when rank>4. 
Proposal 2: The precoder for a partially coherent 8TX UE with Ng = 2 based on two full-coherent 4TX precoders is indicated by two 4TX TPMI indications. 
Proposal 3: If two 4TX TPMIs are used to indicate partial coherent 8TX precoding with Ng = 2, and only one antenna group is used based on the layer splitting agreed in Rel. 18, then a reserved codepoint in the 4TX TPMI is allocated for the designation of the antenna group that is not used for transmission.


	MediaTek Inc.
	Proposal 1: Further restrictions on precoder possibilities are needed to contain to TPMI overhead of partial coherent UEs of both Ng (i.e., 2 and 4). 
Proposal 2: A subset of Legacy 4TX full coherent codewords can be chosen in generating the 8TX Ng=2 codebooks. 
Proposal 3: Legacy 4TX full coherent codewords are generated from 2TX precoders and a co-phasing factor from QPSK. We can restrict the co-phasing factors to {1,} instead of {1,,−1,−𝑗}. Further, we can follow rank wise restrictions. 
Proposal 4: The precoder set generated by restricting some of the Legacy full coherent 4TX precoders is explained detail in Table II. Further the total obtained precoders for Ng = 2 can be tabulated in spec. according to rank similar to Rel-15. 
Proposal 5: In Table VI, details of codebook generation for Ng=4 based on the restrictions on Legacy codewords is presented. We propose total obtained precoders for Ng = 4 can be tabulated in spec. according to rank similar to Rel-15. 
Proposal 6: Support Joint rank and PMI indication as it is efficient TPMI indication approach in case of varied number of precoders for each rank.





3. RAN1 AGREEMENTS FOR SUB-AGENDA 9.1.4.2
	RAN1 Meeting #114
Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· Alt1. Following combinations of layer splitting are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	5
	· 
	(2,3)

	7
	· 
	(3,4)



Agreement
For partially coherent precoding by an 8TX UE with Ng antenna groups, down-select from,
· Alt-1: All Rel-15 full-coherent 4TX and 2 TX UL precoders are supported for Ng=2 and Ng=4, respectively
· For Ng=2 and Ng=4, up to N bits are used for joint TPMI/TRI indication, respectively
· Number of bits (value of N) depend on the configured max rank 
· A single TPMI/TRI field is indicated
· FFS: Mapping between TPMI/TRI codepoint and Rel-15 precoders

Agreement
For an 8TX UE, reuse DL principle that DC format 0_2 does not support 2 CW transmission.

Conclusion 
For an 8TX UE, there is no consensus that Rel-17 mTRP PUSCH repetition transmission is supported in Rel-18.

Conclusion
For an 8TX UE, there is no consensus that CSI only transmission (UL-SCH=”0”) for rank>4 is supported in Rel-18.

Agreement
For partially coherent precoding by an 8TX UE with Ng=2 and Ng=4 antenna groups, up to N=10 bits are used for joint TPMI/TRI and split-layer indication.
· The actual number of bits (value of N) depends on the configured max rank
· FFS: Mapping between TPMI/TRI codepoint and Rel-15 precoders

Agreement
For an 8TX UE, with Ng=2, configured for full power transmission with ‘fullpowerMode1’, at least following precoder is supported 
	Rank = 1

	


· FFS other additions

Agreement
For an 8TX UE, with Ng=4, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,
	Rank 1
	Rank 2
	Rank 4

	
	
	None


· FFS other additions

Agreement
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported,
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	
	FFS
	FFS


· FFS other additions
· Precoders for rank>4 are not introduced in Rel-18

Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’ for Ng=2
· UE power capability is indicated per antenna group, where for an indicated group, full power is supported for all ranks
· For when Ng=2, a single bit is used to indicate which of the antenna group has full power capability.

Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.

Conclusion
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=4 is not supported in Rel-18
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=8 is not supported in Rel-18

Agreement
For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,



RAN1 Meeting #113 
Agreement
For codebook-based 8TX PUSCH transmission, Alt3 is supported, where 
· 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

Agreement
To support CBG-based transmission for dual CW PUSCH operation, the range N=2, 4, 6, or 8 is confirmed for the CBGTI bit field.

Agreement
For non-coherent uplink precoding by an 8TX UE, support Alt1., 
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported

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)




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.

[bookmark: _Hlk135683034]Conclusion
In Rel-18, there is no consensus to support CG transmission with dual CW PUSCH by an 8TX UE.

Agreement
For dual CW PUSCH transmission by an 8TX UE, PHY layer priority indicator (if configured) is applied on both codewords.

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 codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, 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}

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

Agreement
For an 8TX UE, Option 1 is supported,
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value, based on which, gNB may RRC configure UE with a codebook corresponding to only one of the supported Ng values.

Agreement
For indication of a fully-coherent precoder (rank and precoder) for PUSCH transmission by an 8TX UE, up to 7 bits are used.
· Number of bits could depend on the configured max rank 

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.



RAN1 Meeting #112b-e
Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.

Working Assumption
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)



Agreement
To configure PUSCH transmission by an 8TX UE, 
· Alt2: Max number of MIMO layers is RRC configured by extending the range of the legacy parameter maxRank and maxMIMO-Layers to 8

Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].

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 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.

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 non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
	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),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

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

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

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

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




Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· Support Option 2 where a legacy-based solution is used by extending the existing SRI indication tables to include NSRS=8 and lmax=8

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the scheduled CWs
· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.

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

Agreement
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.


RAN1 Meeting #112
Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
· Study whether/how to support (O1, O2) = (2,1), (2,2)
· whether for all rank, or rank 1-2, or rank 3-8
· [bookmark: _Hlk128888152]applicability of different (O1, O2) values per agreed (N1, N2)
· companies are encouraged to submit simulation results

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

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)



· Select from the following cases based on the performance and overall DCI overhead
	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
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.

RAN1 Meeting #111
Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded

Agreement
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

Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
· Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
· For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
· Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
· This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.

RAN1 Meeting #110bis-e
Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders

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}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· [bookmark: _Hlk117151161]Identify and agree on at least one potential PA architecture by RAN1 meeting #111


Agreement
For 8TX UE codebook-based uplink transmission,
· For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 

Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
· Support configuration of 1 SRS resource set containing up to X 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 8/M of M-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   

Working Assumption
For uplink transmission with rank>4, support dual CW transmission.

Agreement
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.

Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
· Support configuration of 1 SRS resource set containing up to X  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 8/M of M-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   

RAN1 Meeting #110
Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered

Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms

RAN1 Meeting #109-e
Agreement 
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs.
 
Agreement
Study full power transmission for 8TX UEs.
· Details are FFS upon completion of codebook design

Agreement
Adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 8Tx UL evaluation, if needed

	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
 
	(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
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)


 
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

Agreement
Adopt the following Table as the reference EVM for SLS evaluation.
· Companies may provide additional evaluation results per their case of interest.
	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
	To be defined according to outcome of Proposal 2.1

	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



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)
o   Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
o   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
o   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)
	[image: A picture containing icon



Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	[image: Graphical user interface



Description automatically generated]
	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.
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