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Introduction
The Rel-19 WID [1] includes the following objectives regarding the Rel-19 3-antenna-port codebook based transmissions.
	4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.



This contribution provides Samsung’s view regarding the Rel-19 3-antenna-port codebook based transmissions highlighted above.

Potential issues on UL 3TX
1.1 Maximum number of layers by codebook based PUSCH transmission
In current specification, the maximum number of layers supported by codebook based PUSCH transmission is reported by UE capability MIMO-LayersUL defined in TS38.331 as follows:

	FeatureSetUplinkPerCC ::=               SEQUENCE {
    supportedSubcarrierSpacingUL            SubcarrierSpacing,
    supportedBandwidthUL                    SupportedBandwidth,
    channelBW-90mhz                         ENUMERATED {supported}     OPTIONAL,
    mimo-CB-PUSCH                           SEQUENCE {
        maxNumberMIMO-LayersCB-PUSCH            MIMO-LayersUL          OPTIONAL,
        maxNumberSRS-ResourcePerSet             INTEGER (1..2)
    }                                                                  OPTIONAL,
    maxNumberMIMO-LayersNonCB-PUSCH         MIMO-LayersUL              OPTIONAL,
    supportedModulationOrderUL              ModulationOrder            OPTIONAL
}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}




Based on the current specification, as highlighted above, possible candidates to be reported as the maximum number of layers for codebook based PUSCH transmission is one of 1, 2, or 4. Since a UE cannot report a value beyond the UE capability, although a UE is equipped with 3TX, the UE cannot report 4 as the maximum number of layers, hence only way is reporting 2 which would be under report and rank 3 could not be achieved.
Also, a UE can be configured with RRC parameter maxRank per UL BWP, the possible candidate value is one of 1, 2, 3, and 4. Hence, gNB can configure maxRank as 3 to UE, but it is the only when the UE reports its capability value as 4. If the UE only reports 2, then gNB should configure the corresponding value which is lower than or equal to 2.
As one of the main motivations for introducing UL 3TX in a same carrier is to increase UL throughput by fully utilizing UE’s capable transmit antennas and corresponding PAs, reporting the maximum number of layers as 3 should be supported.

Proposal 1. Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based 3TX PUSCH transmission.

1.2 Non-codebook based transmission
Different with codebook based PUSCH transmission, 1-port SRS is utilized for non-codebook based PUSCH transmission. In current specification, since a UE can report the maximum number of SRS resources per SRS resource set with usage of nonCodebook as 3 based on the description in the following table containing the UE capability for supporting non-codebook based transmission defined in Rel-15 (FG 2-15), non-codebook based transmission for 3TX is already supported partially. The only thing additionally need to support by Rel-19 specification is to add the maximum number of supported layers as 3, which is not supported by current UE capability signaling as described in the following table, which is similar with the case of codebook based PUSCH transmission. Hence, we would like to propose to support 3-layer UE capability for non-codebook based PUSCH transmission, which may be a small specification impact.

	2-15
	non-codebook based PUSCH transmission
	1) Maximal number of supported layers (non-codebook transmission scheme)

2)  Supported max number of SRS resource per set (SRS set use is configured as for non-codebook transmission).

3) Maximum number of simultaneous transmitted SRS resources at one symbol
	2-12
	1. maxNumberMIMO-LayersNonCB-PUSCH

mimo-NonCB-PUSCH {
2. maxNumberSRS-ResourcePerSet
3. maxNumberSimultaneousSRS-ResourceTx
}
	1. FeatureSetUplinkPerCC

2, 3. FeatureSetUplinkPerCC-v1540
	n/a
	n/a
	For SUL, uplink MIMO is not supported
	Optional with UE capability

Component-1 candidate values: {1, 2, 4}

Component-2
Candidate value: {1,2,3,4}

Component-3
Candidate value: {1,2,3,4}



Proposal 2. Introduce a UE capability for reporting a value of 3 for the maximum number of layers by non-codebook based 3TX PUSCH transmission.

For non-codebook based 3TX PUSCH transmission, the bitwidth of SRI field can be discussed further considering the maximum number of rank as 3. Since the current SRI field indicates a combination of SRS resources, considering max rank as 3, up to 3 bits can be used for the SRI field. Also, if a single SRS resource is configured in the SRS resource set with usage of nonCodebook, our view is that SRI field shall not be present which is same as current specification.

Proposal 3. Support the bitwidth of SRI field for non-codebook based 3TX PUSCH transmission as up to 3 bits.

1.3 SRS features in Rel-18
In Rel-18 MIMO, we adopted SRS related features for interference randomization especially in time division duplexing coherent joint transmission (TDD CJT) scenario, e.g., cyclic shift hopping, comb-offset hopping, subset configuration for each of hopping schemes, etc, as in the following table. 

	40-5-1
	SRS comb offset hopping

	Support of SRS comb offset hopping
	2-53
	Yes
	n/a
	SRS comb offset hopping is not supported 
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-2
	SRS cyclic shift hopping
	Support of SRS cyclic shift hopping
	2-53
	Yes
	n/a
	SRS cyclic shift hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-2a
	Smaller cyclic shift granularity for cyclic shift hopping
	Support configuration of cyclic shift hopping with smaller granularity (with factor K=2)
	40-5-2
	Yes
	N/A
	Configuration of cyclic shift hopping with smaller granularity (with factor K=2) is not supported 
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-1c
	Comb offset hopping within a subset
	Support configuration of subset of comb offsets for comb offset hopping 
	40-5-1
	Yes
	N/A
	Configuration of subset of comb offsets for comb offset hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-2c
	Cyclic shift hopping within a subset
	Support configuration of subset of cyclic shifts for cyclic shift hopping 
	40-5-2
	Yes
	N/A
	Configuration of subset of cyclic shifts for cyclic shift hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-1b
	SRS comb offset hopping combined with group/sequence hopping
	Support of SRS comb offset hopping combined with group/sequence hopping
	40-5-1
	Yes
	n/a
	SRS comb offset hopping combined with group/sequence hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-2b
	SRS cyclic shift hopping combined with group/sequence hopping
	Support of SRS cyclic shift hopping combined with group/sequence hopping
	40-5-2
	Yes
	n/a
	SRS cyclic shift hopping combined with group/sequence hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-3
	SRS cyclic shift hopping combined with SRS comb offset hopping
	Support of SRS cyclic shift hopping combined SRS comb offset hopping
	40-5-1, 40-5-2
	Yes
	n/a
	SRS cyclic shift hopping combined with SRS comb offset hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40-5-1a
	Comb offset hopping time-domain behavior when repetition factor R>1
	Supported comb offset hopping granularity in time when repetition factor R>1 is configured
	40-5-1
	Yes
	n/a
	Comb offset hopping is not supported when repetition factor R>1
	Per band
	n/a
	n/a
	n/a
	Component candidate values: {‘per SRS symbol’,’per R SRS symbols’, ‘both’}
	Optional with capability signaling



Since those SRS features in Rel-18 defined for usage of codebook and antenna switching, and also for 4-port SRS resource as well, our view is that the SRS features can be also considered for SRS with usage of codebook based 3TX PUSCH. Also, for this, we don’t need to introduce new UE capabilities, but to reuse current UE capabilities.

Proposal 4. Support to reuse SRS features in Rel-18 for SRS resource set with usage of codebook based 3TX PUSCH transmission, without introducing new UE capabilities (i.e., reusing Rel-18 UE capabilities).


Potential issues on UL 3TX with Rel-17 multi-TRP scheme
In RAN1#116bis [2], we agreed to introduce Rel-17 UL mTRP PUSCH TDM repetition for codebook based 3TX PUSCH transmission as follows (although there is no description on codebook based PUSCH, it is obvious since it mentioned that 4-port SRS resources are used, which is not the case of non-codebook based PUSCH):
	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



The remaining issues are to complete necessary updates for supporting Rel-17 multi-TRP scheme for both codebook and non-codebook based 3TX PUSCH transmission, and PTRS-DMRS association.

1.4 Second TPMI field for codebook based transmission 
In Rel-17, for codebook based multi-TRP PUSCH repetition, we adopted Second TPMI field in DCI format 0_1 and 0_2 to indicate the second TPMI applied to 2nd SRS resource set with usage of codebook, i.e., PUSCH transmission toward to TRP2. The difference between (first) TPMI field and second TPMI field is whether the rank information is included or not. Based on (first) TPMI field, the information of rank and TPMI is jointly indicated. Then, based on the rank information from (first) TPMI field, Second TPMI field only indicates TPMI information with the given rank so that the bitwidth for second TPMI field can be reduced. For codebook based 3TX PUSCH transmission with multi-TRP TDM repetition, it could be similarly defined that second TPMI field for 3TX PUSCH only indicates TPMI information without rank, and the rank information can be delivered by (first) TPMI field.
· If maxRank is set to 1 and transform precoder is either enabled or not (i.e., either DFTS-OFDM or CP-OFDM is used), since the total number of TPMI candidates is 3, the required bitwidth of second TPMI field is 2 bits.
· If maxRank is set to 2 and transform precoder is disabled (i.e., CP-OFDM is used), since the total number of TPMI candidates for each of rank 1 and rank 2 is same as 3, the required bitwidth of TPMI field is 2 bits to indicate one of TPMIs corresponding to rank 1 or rank 2.
· If maxRank is set to 3 and transform precoder is disabled (i.e., CP-OFDM is used), since the total number of TPMI candidates rank 1, rank 2, and rank 3 are 3, 3, and 1, respectively, the required bitwidth of TPMI field is 2 bits to indicate one of TPMIs corresponding to rank 1, rank 2, or rank 3.

Proposal 5. To support codebook based 3TX PUSCH transmission with multi-TRP TDM repetition, support Second TPMI field with 2 bits for maxRank = 1, 2, or 3.


1.5 Multi-TRP support for non-codebook based transmission
Similar with the case of codebook, in Rel-17, non-codebook based multi-TRP TDM PUSCH repetition has been adopted with two SRS resource sets with usage of nonCodebook. Hence, if we adopt non-codebook based 3TX PUSCH transmission in Rel-19, it is straightforward to adopt both single-TRP and multi-TRP schemes.

Proposal 6. Support non-codebook based 3TX PUSCH transmission with multi-TRP TDM repetition.
· Two SRS resource sets, each of with up to 3 of 1-port SRS resources are configured

Similar with the case of codebook based multi-TRP PUSCH repetition, two SRI fields have been used for non-codebook based multi-TRP PUSCH repetition. The bitwidth of Second SRI field is derived by first four columns of Tables 7.3.1.1.2-28/29A/30A as follows (i.e., corresponding to NSRS = 2 or 3, not using NSRS = 4), which are defined in TS38.212.


Table 7.3.1.1.2-28: SRI indication or Second SRI indication, for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	
	
	2
	2
	2
	2

	
	
	3
	reserved
	3
	3



Table 7.3.1.1.2-29A: Second SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	0
	0,1
	2
	2
	2
	2

	1
	2 layers: reserved
	3
	1 layer: reserved
	3
	3

	
	
	0
	0,1
	4-7
	1 layer: reserved

	
	
	1
	0,2
	0
	0,1

	
	
	2
	1,2
	1
	0,2

	
	
	3
	2 layers: reserved
	2
	0,3

	
	
	
	
	3
	1,2

	
	
	
	
	4
	1,3

	
	
	
	
	5
	2,3

	
	
	
	
	6-7
	2 layers: reserved



Table 7.3.1.1.2-30A: Second SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	0
	0,1
	2
	2
	2
	2

	1
	2 layers: reserved
	3
	1 layer: reserved
	3
	3

	
	
	0
	0,1
	4-7
	1 layer: reserved

	
	
	1
	0,2
	0
	0,1

	
	
	2
	1,2
	1
	0,2

	
	
	3
	2 layers: reserved
	2
	0,3

	
	
	0
	0,1,2
	3
	1,2

	
	
	1-3
	3 layers: reserved
	4
	1,3

	
	
	
	
	5
	2,3

	
	
	
	
	6-7
	2 layers: reserved

	
	
	
	
	0
	0,1,2

	
	
	
	
	1
	0,1,3

	
	
	
	
	2
	0,2,3

	
	
	
	
	3
	1,2,3

	
	
	
	
	4-7
	3 layers: reserved



where Lmax is derived by follows, based on TS38.212, and NSRS means the number of SRS resources.
· if UE supports operation with maxMIMO-Layers and the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, Lmax is given by that parameter
· otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the serving cell for non-codebook based operation.

Proposal 7. To support non-codebook based 3TX PUSCH transmission with multi-TRP TDM repetition, support Second SRI field with 1 or 2 bits considering the combination of Lmax and NSRS.
· (Lmax, NSRS) = (1, 2), (2, 2), (2, 3) : 1 bit
· (Lmax, NSRS) = (1, 3), (2, 3), (3, 3) : 2 bits


1.6 PTRS-DMRS association field
In RAN1#116bis [2], PTRS-DMRS association was agreed for 1 or 2 PTRs ports, considering 3TX PUSCH as follows:
	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 10 01 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit


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 






To sum up, for 3TX PUSCH, depending on the number of configured PTRS port, the bitwidth of PTRS-DMRS association field is different.
· If 1 PTRS port is configured: 2 bits
· If 2 PTRS ports are configured: 1 bit

In Rel-17 UL multi-TRP PUSCH TDM repetition, PTRS-DMRS association was enhanced considering multi-TRP operation, and captured in TS38.212-h80 as follows:
	· PTRS-DMRS association – number of bits determined as follows 
· 0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1; 
· 2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and equals "10" and "11" and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.
· Second PTRS-DMRS association – 2 bits if PTRS-DMRS association field and SRS resource set indicator field are present and maxRank>2; 0 bit otherwise. Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second precoding information field when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field.



To be specific, depending on the value of maxRank, indication of SRS resource set indicator (SRSI), and the number of PTRS ports, the meaning of PTRS-DMRS association field could be differently defined, and Second PTRS-DMRS association field could be present. It is summarized as follows (for 2TX or 4TX PUSCH):

For case of 1 PTRS port,
· If maxRank = 1: (first) PTRS-DMRS association field (0 bit), Second PTRS-DMRS association field (0 bit)
· If maxRank = 2: (first) PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (0 bit)
· SRSI = “00” or “01” (single-TRP scheduling), Table 7.3.1.1.2-25 is used
· SRSI = “10” or “11” (multi-TRP scheduling), Table 7.3.1.1.2-25A is used
· MSB: association corresponding to (first) SRI and/or TPMI field
· LSB: association corresponding to Second SRI/TPMI field
· If maxRank = 3 or 4: (first) PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (2 bits)
· SRSI = “00” or “01” (single-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-25 is used
· Second PTRS-DMRS association field: Reserved
· SRSI = “10” or “11” (multi-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-25 is used
· Second PTRS-DMRS association field: Table 7.3.1.1.2-25 is used

For case of 2 PTRS ports,
· If maxRank = 1: (first) PTRS-DMRS association field (0 bit), Second PTRS-DMRS association field (0 bit)
· If maxRank = 2: (first) PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (0 bit)
· SRSI = “00” or “01” (single-TRP scheduling), Table 7.3.1.1.2-26 is used
· SRSI = “10” or “11” (multi-TRP scheduling), Table 7.3.1.1.2-25A is used
· MSB: association corresponding to (first) SRI and/or TPMI field
· LSB: association corresponding to Second SRI/TPMI field
· If maxRank = 3 or 4: (first)PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (2 bits)
· SRSI = “00” or “01” (single-TRP scheduling),
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 is used
· Second PTRS-DMRS association field: Reserved
· SRSI = “10” or “11” (multi-TRP scheduling),
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 is used
· Second PTRS-DMRS association field: Table 7.3.1.1.2-26 is used

For the specific parts highlighted as cyan above is to utilize each of 2 bits from (first) PTRS-DMRS association field as indication of each of two TRPs, i.e., MSB and LSB is corresponding to 1st and 2nd SRS resource sets, respectively, which can mean 1st and 2nd TRP, respectively. Considering agreement on the bitwidth of PTRS-DMRS association field for 3TX PUSCH, we can observe the followings when maxRank = 2.
· For case of 1 PTRS port, it is 2 bits which is same as current specification, hence it is possible to use MSB and LSB for indicating PTRS-DMRS association for 1st and 2nd TRP, respectively.
· For case of 2 PTRS ports, however, it is only 1 bit which is different with current specification. Hence, for this particular case (2 PTRS ports and maxRank = 2), there is no flexibility to indicate MSB and LSB for 1st and 2nd TRP, respectively, when SRSI=”10” or “11”.
Therefore, for case of 2 PTRS ports, our view is that Second PTRS-DMRS association field, which is also 1 bit as similar with (first) PTRS-DMRS association field, can be used to indicate PTRS-DMRS association for 2nd TRP, which is the same solution when maxRank = 3 or 4 in the current specification.

Proposal 8. For indication of PTRS-DMRS association to support 3TX PUSCH transmission with multi-TRP TDM repetition, reuse the principle of Rel-17 multi-TRP TDM repetition except the following case.
· When 2 PTRS ports are configured, and maxRank = 2, Second PTRS-DMRS association field is used to indicate the association between PTRS port(s) and DMRS port(s) for 2nd SRS resource set (i.e.,2nd TRP).
· Note: The above solution is same as when maxRank = 3 or 4 in the current specification.

Considering Proposal 8 above for case of 3TX multi-TRP PUSCH, it is summarized as follows: (we mentioned as “Table 7.3.1.1.2-26 for MSB” below in order to reflect the agreement to clarify for 1 bit PTRS-DMRS association field with configuration of 2 PTRS ports, but it could be up to specification editor how to capture this table.) Based on Proposal 8, the yellow highlighted part in below is only changed from the current specification.

(For 3TX) For case of 1 PTRS port,
· If maxRank = 1: (first) PTRS-DMRS association field (0 bit), Second PTRS-DMRS association field (0 bit)
· If maxRank = 2: (first) PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (0 bit)
· SRSI = “00” or “01” (single-TRP scheduling), Table 7.3.1.1.2-25 is used
· SRSI = “10” or “11” (multi-TRP scheduling), Table 7.3.1.1.2-25A is used
· MSB: association corresponding to (first) SRI and/or TPMI field
· LSB: association corresponding to Second SRI/TPMI field
· If maxRank = 3: (first) PTRS-DMRS association field (2 bits), Second PTRS-DMRS association field (2 bits)
· SRSI = “00” or “01” (single-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-25 is used
· Second PTRS-DMRS association field: Reserved
· SRSI = “10” or “11” (multi-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-25 is used
· Second PTRS-DMRS association field: Table 7.3.1.1.2-25 is used

(For 3TX) For case of 2 PTRS ports,
· If maxRank = 1: (first) PTRS-DMRS association field (0 bit), Second PTRS-DMRS association field (0 bit)
· If maxRank = 2: (first) PTRS-DMRS association field (1 bit), Second PTRS-DMRS association field (1 bit)
· SRSI = “00” or “01” (single-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used
· Second PTRS-DMRS association field: Reserved
· SRSI = “10” or “11” (multi-TRP scheduling),
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used
· Second PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used
· [bookmark: _GoBack]If maxRank = 3: (first) PTRS-DMRS association field (1 bit), Second PTRS-DMRS association field (1 bit)
· SRSI = “00” or “01” (single-TRP scheduling),
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used
· Second PTRS-DMRS association field: Reserved
· SRSI = “10” or “11” (multi-TRP scheduling), 
· (first) PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used
· Second PTRS-DMRS association field: Table 7.3.1.1.2-26 for MSB is used


Conclusion
In this contribution, the following observation and proposals are given: 

Proposal 1. Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based 3TX PUSCH transmission.

Proposal 2. Introduce a UE capability for reporting a value of 3 for the maximum number of layers by non-codebook based 3TX PUSCH transmission.

Proposal 3. Support the bitwidth of SRI field for non-codebook based 3TX PUSCH transmission as up to 3 bits.

Proposal 4. Support to reuse SRS features in Rel-18 for SRS resource set with usage of codebook based 3TX PUSCH transmission, without introducing new UE capabilities (i.e., reusing Rel-18 UE capabilities).

Proposal 5. To support codebook based 3TX PUSCH transmission with multi-TRP TDM repetition, support Second TPMI field with 2 bits for maxRank = 1, 2, or 3.

Proposal 6. Support non-codebook based 3TX PUSCH transmission with multi-TRP TDM repetition.
· Two SRS resource sets, each of with up to 3 of 1-port SRS resources are configured

Proposal 7. To support non-codebook based 3TX PUSCH transmission with multi-TRP TDM repetition, support Second SRI field with 1 or 2 bits considering the combination of Lmax and NSRS.
· (Lmax, NSRS) = (1, 2), (2, 2), (2, 3) : 1 bit
· (Lmax, NSRS) = (1, 3), (2, 3), (3, 3) : 2 bits

Proposal 8. For indication of PTRS-DMRS association to support 3TX PUSCH transmission with multi-TRP TDM repetition, reuse the principle of Rel-17 multi-TRP TDM repetition except the following case.
· When 2 PTRS ports are configured, and maxRank = 2, Second PTRS-DMRS association field is used to indicate the association between PTRS port(s) and DMRS port(s) for 2nd SRS resource set (i.e.,2nd TRP).
· Note: The above solution is same as when maxRank = 3 or 4 in the current specification.
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