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In RAN1 #116bis meeting, the following agreements are made to support 3-antenna-port codebook-based transmissions:
	Agreement
To support codebook-based UL transmission by a 3TX UE, the agreed rank1 precoders in RAN1#116 can also be used when transform precoding is enabled (DFT-s-OFDM). 

Agreement
To indicate precoding information for codebook-based UL transmission by a 3TX UE, 
· Reuse legacy TPMI indication framework where TPMI and TRI are jointly indicated 
· TPMI field is 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field is 2 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 3 bits for CP-OFDM

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1, 
· Alt1: Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· FFS muting mechanism
where X can be up to 2, subject to UE capability.

Agreement
· For codebook-based UL transmission by a 3TX UE, when 2 PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows: 
	Value of MSB 
	DMRS port 
	Value of LSB 
	DMRS port 

	0 
	1st DMRS port which shares PTRS port 0 
	0 
	1st DMRS port which shares PTRS port 1 

	1 
	2nd DMRS port which shares PTRS port 0 
	1 
	2nd DMRS port which shares PTRS port 1


· Note: PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT_RS port 0, and PUSCH antenna port 1001 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, support the following for muting one of the ports of the configured 4-port SRS resource,
· Option 3: Always a same port is muted, e.g., the 4th port

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the 3 unmuted antenna ports of the 4-port SRS resource.

Agreement
For 3-port codebook-based PUSCH transmission for a 3TX UE, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 (except for full-power Mode 0).
· FFS: Whether specification needs to be updated to reflect the above

Agreement
For codebook-based UL transmission by a 3TX UE, when 1 PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PTRS-DMRS association indication is as follows:
· Alt2: 2-bit indication
PTRS-DMRS association when 1 PT-RS port is configured
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port
Reserved 



Agreement
For a 3TX UE, support Rel-17 M-TRP PUSCH repetition where,
· Two SRS resource sets, each with up to 2 of 4-port SRS resources are configured, 
Note: The configured 4 port SRS resources are used to enable 3-port SRS transmission


In this contribution, we provide our views on supporting 3-antenna-port codebook-based transmissions.
Discussion 
Remaining issues on 3-antenna-port transmission
In RAN1 #116bis meeting, Rel-17 M-TRP PUSCH repetition was agreed for a 3 Tx UE. Rel-18 SDM and SFN schemes shall also be supported to utilize the benefits of STxMP. We think PUSCH transmission scheme is regardless of the number of antenna ports and the spec. impact is small. If supported, the second TPMI field for a 3Tx UE shall be defined. Specifically:
· For PUSCH transmission with SFN or TDM scheme, the actual number of layers is same as indicated by the first TPMI. Then table 1 and table 2 is used for indicating the precoder for maximum rank is larger than one and maximum rank is one respectively.
· For PUSCH transmission with SDM scheme, table 3 and table 2 is used for indicating the precoder for maximum rank is larger than one and maximum rank is one respectively.
· Table 1: Second precoding information, for 3 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or maxRankSfn = 2, and ul-FullPowerTransmission is not configured or configured to fullpower
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	reserved

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	Reserved

	0
	3 layers: TPMI=0

	1-3
	reserved


· Table 2: Second Precoding information, for 3 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission is either not configured or configured to fullpower, or if transform precoder is disabled, maxRank = 1 or max{maxRank, maxRankSfn} = 1 or max{maxRank, maxRankSdm} = 1 or maxRankSdm= 1 or maxRankSfn= 1, and ul-FullPowerTransmission is not configured or configured to fullpower
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	reserved


· Table 3: Second Precoding information for 3 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or max{maxRank, maxRankSdm} = 2 or 3 or maxRankSdm= 2, and ul-FullPowerTransmission is not configured or configured to fullpower
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layers: TPMI=1

	5
	2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	reserved


Proposal 1: Support Rel-18 STxMP schemes for a 3Tx UE.
Proposal 2:Support table 1 to table 3 to indicate the second TPMI field.

In RAN1 #116bis meeting, it was agreed to configure 4-port SRS resources for supporting 3Tx codebook-based UL transmission. That means the nrofSRS-Ports is configured as 4 for a 3Tx UE. In TS 38.214 on the precoder selection, “The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Clause 6.3.1.5 of [4, TS 38.211]”. However, the actual number of SRS ports is 3. Therefore, for a 3Tx UE, the transmission precoder for PUSCH shall be based on 3 antenna port other than higher layer parameter nrofSRS-Ports.
Proposal 3: For a 3Tx UE, the transmission precoder is selected from the uplink codebook that has a number of antenna ports equals to 3 other than nrofSRS-Ports.
3-antenna-port partial-coherent codebook 
[bookmark: _Hlk166170907]In RAN1 #116bis meeting, RAN1 made a good progress on the required functionalities for 3TX topic. Some companies expressed interest in further discussing partial-coherent codebook. Since in some UE implementations antenna ports 1000 and 1002 are coherent, a data layer in PUSCH can be transmitted using a partial-coherent codeword with higher SNR than with a non-coherent codeword. Therefore we think partial-coherent codebook shall be specified for a 3Tx UE. 
Proposal 4: Support to specify partial-coherent codebook for a 3Tx UE.
Following methods can be considered to design the partial-coherent codebook for 3Tx PUSCH transmission:
· Method 1: based on 4Tx partial-coherent codebook
The partial-coherent codebooks can be realized based on 4Tx partial-coherent codebooks by removing the last row. For example, the partial-coherent codebooks for rank 2 are shown in table 6.3.1.5-5 in TS 38.211 with highlight green. By removing the last row, the partial-coherent codebooks for 3Tx transmission are ,,, .
Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four 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
	
	
	
	

	12 – 15
	
	
	
	

	16 – 19
	
	
	
	

	20 – 21
	
	
	-
	-


By this method, the partial-coherent codebooks for 3Tx transmission are ,  for rank 1 and ,,,  for rank 2. For rank 3, no additional partial-coherent codeword is achieved, and the existing codeword   can be used. This method is with least effort.
· Method 2: based on 2Tx full-coherent codebook
[bookmark: _Hlk165020895]2Tx full-coherent codebooks including , , , , , . The partial-coherent codebooks for 3Tx transmission can be realized by applying the 2Tx full-coherent codebooks to the coherent antennas. Since PUSCH antenna port 1000 and 1002 are coherent, the partial-coherent codebooks for 3Tx transmission with rank 1 includes ,  and the partial-coherent codebooks for 3Tx transmission with rank 2 includes ,,, , , , and the partial-coherent codebooks for 3Tx transmission with rank 3 includes  , , , . To ensure the same transmit power of each port, the precoders can be defined as  , ,  , .
Proposal 5: Consider the following methods to design partial-coherent codebooks for 3Tx transmission:
· Method 1: based on 4Tx partial-coherent codebook;
· Method 2: based on 2Tx full-coherent codebook;
3-antenna-port SRS for antenna switching
SRS resource for antenna switching is used for acquisition DL CSI. With the introducing of 3 antenna ports for UL transmission, 3Tx ports shall be considered in SRS antenna switching for DL CSI acquisition. 3T3R, 3T4R, 3T6R and 3T8R can be supported depending on UE’s capability. Among these configuration, we think at least 3T3R and 3T6R shall be supported.
For  3T3R and 3T6R, the configuration of SRS, e.g., the number of SRS resources in a SRS resource set and the number of SRS resource set, can follow the principle specified in Rel-18. For 3T3R, the case is similar to 1T1R, 2T2R,4T4R and 8T8R in current standard. For example, up to two SRS resource sets each with one SRS resource can be configured if the UE is not indicating srs-AntennaSwitching2SP-1Periodic. Up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' can be configured and the two SRS resource sets configured with 'semi-persistent' are not activated at the same time, or up to two SRS resource sets can be configured, if the UE is indicating srs-AntennaSwitching2SP-1Periodic, where each SRS resource set has one SRS resource. The only difference is for 3T3R, each SRS resource in a given set consisting of three SRS ports. 3T6R is similar to 1T2R and 2T6R and similar configuration can be used. The only difference is for 3T6R, each SRS resource in a given set consisting of three SRS ports. For  3T4R and 3T8R, if supported, further study is needed on the SRS configuration.
Proposal 6: Support at least 3T3R and 3T6R configurations for performing antenna switching for a 3TX UE.
Proposal 7: Support same SRS configuration for 3T3R as 1T1R and same SRS configuration for 3T6R as 1T2R except the number of SRS port of a SRS resource.

Conclusion
As a summary, we have the following proposals on support for 3-antenna-port codebook-based transmissions:
Proposal 1: Support Rel-18 STxMP schemes for a 3Tx UE.
Proposal 2:Support table 1 to table 3 to indicate the second TPMI field.
Proposal 3: For a 3Tx UE, the transmission precoder is selected from the uplink codebook that has a number of antenna ports equals to 3 other than nrofSRS-Ports.
Proposal 4: Support to specify partial-coherent codebook for a 3Tx UE.
Proposal 5: Consider the following methods to design partial-coherent codebooks for 3Tx transmission:
· Method 1: based on 4Tx partial-coherent codebook;
· Method 2: based on 2Tx full-coherent codebook;
Proposal 6: Support at least 3T3R and 3T6R configurations for performing antenna switching for a 3TX UE.
Proposal 7: Support same SRS configuration for 3T3R as 1T1R and same SRS configuration for 3T6R as 1T2R except the number of SRS port of a SRS resource.
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