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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 codebook based transmission
For this agenda item, since Rel-19 WID is focusing on “specifying non-coherent UL codebook to facilitate 3-antenna-port codebook based transmissions”, we would also like to focus on discussing and elaborating relevant issues on UL 3TX codebook based transmission. Other than that, e.g., UL 3TX non-codebook based transmission, although Rel-19 WID does not preclude, we would like to deprioritize the issue, which could be similar with 3TX antenna switching that has been precluded in RAN1#116 [2].

Proposal 1. Prioritize on relevant issues to specify UL 3TX codebook based transmission, and deprioritize other issues, e.g., UL 3TX non-codebook based transmission.

1.1 Non-coherent UL 3TX codebook
In RAN1#116 [2], the followings are agreed to have non-coherent UL 3TX codebook.
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.


Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for two-layer transmission.
, ,  

Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for three-layer transmission.





Although agreement said “at least the following precoders are supported”, since we already agreed full-set of non-coherent UL 3TX codebook, it is enough to close the discussion on UL 3TX codebook.

Proposal 2. No more discussion on UL 3TX codebook is needed.

1.2 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 4 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 3. Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based PUSCH transmission.

1.3 TPMI field design
Considering the above possible candidates of non-coherent UL 3TX codebook as in Table 1, 2, and 3, the bitwidth of TPMI field in UL scheduling DCI can be determined as 2 or 3 bits considering whether transform precoder is enabled or not (i.e., which UL waveform UE is configured/indicated) and a configured value of maxRank.
· 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 TPMI field is 2 bits to indicate one of TPMIs defined in Table 1.
· If maxRank is set to 2 and transform precoder is disabled (i.e., CP-OFDM is used), since the total number of TPMI candidates is 6, the required bitwidth of TPMI field is 3 bits to indicate one of TPMIs defined in Table 1 and 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 is 7, the required bitwidth of TPMI field is 3 bits to indicate one of TPMIs defined in Table 1, 2, and 3.

Proposal 4. Support TPMI field in UL scheduling DCI with 2 or 3 bits, considering whether transform precoder is enabled or not and a configured value of maxRank.

1.4 SRS resource
Regarding SRS for UL 3TX codebook based transmission, since Rel-19 WID clearly mentioned “without enhancement on SRS resource”, it is required to re-use the current specification for utilizing SRS as much as possible. However, the problem is that there is no 3-port SRS resource defined in current specification, hence we need to decide how to define 3-port SRS anyway, without enhancement on SRS resource at the same time.
There could be three ways to define 3-port SRS as follows:
1) Using 4-port SRS resource and only transmit first 3 ports (last port is muted)
· This way can re-use already defined 4-port SRS resource.
· This way can maintain the relationship between SRS port and PUSCH port which are same each other.
· Since SRS port is same as PUSCH port, and UL 3TX codebook based PUSCH would be transmitted by PUSCH port 1000, 1001, and 1002, it is possible to re-use first 3 ports (SRS port 1000, 1001, and 1002) of 4-port SRS resource.
· Then, to maintain same per-port SRS transmit power, SRS transmission power can be splitted equally across the actually used 3 antenna ports, even though the configured number of the SRS resource is 4-port.
2) Using 1-port SRS resource & 2-port SRS resource
· This way can re-use already defined 1-port SRS resource & 2-port SRS resource.
· However, this way has significant specification impacts, e.g., relationship between SRS port and PUSCH port, SRI (SRS Resource Indicator) in DCI, power control, the most recent SRS resource corresponding to PUSCH scheduling, restriction on the number of ports in SRS resource set, etc.
3) Using 3-port SRS resource
· This way shall define a 3-port SRS resource which is not defined in current specification.
· Hence, it is obviously out of scope in terms of Rel-19 WID.

In RAN1#116 [2], the followings are agreed as alternatives for SRS resource of UL 3TX and which PUSCH antenna ports are used for codebook-based transmission by a 3TX UE.
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set,
The value for X is FFS, and it will be determined according to the selected alternative.

Agreement
For codebook-based transmission by a 3TX UE, 
· Only PUSCH antenna ports 1000, 1001, 1002 are used
· Option- 2: Subject to UE capability, up to 2 PTRS ports may be configured in PTRS-UplinkConfig, 
· FFS whether a single bit or 2 bits are used for PTRS-DMRS association indication.
Above is only for single panel transmission.



Based on the analysis and agreement above, we would like to suggest the way 1) to get 3-port SRS which is Alt1 in the agreement, and corresponding equal power allocation for each of actually transmitted 3 SRS ports.
Regarding the value of X, it could be up to 2 depending on UE capability, which could reuse current specification.
Also, based on the 2nd agreement above, PUSCH antenna ports 1000, 1001, and 1002 are used for codebook-based transmission by a 3TX UE. Hence, when we drop one port among 4 SRS ports, since SRS and PUSCH ports are same, the last SRS port, i.e., 1003, is muted.

Proposal 5. For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1 (re-using 4-port SRS resource) and the last port (i.e., SRS port 1003) is not transmitted for 3TX codebook based SRS transmission.

Proposal 6. For SRS configuration supporting codebook-based UL transmission by a 3TX UE, the value of X, meaning the number of SRS resources in a SRS resource set, can be up to 2 depending on UE capability.

Proposal 7. Support power splitting equally across the actually used 3 antenna ports within 4-port SRS resource for 3TX codebook based SRS transmission.

1.5 PTRS
In current specification, the maximum number of configured PTRS ports is given by the higher layer parameter maxNrofPorts in PTRS-UplinkConfig and it can be configured as either 1 or 2. Especially for the case of maximum 2 PTRS ports, the relationship between PUSCH port and PTRS port for non-coherent case is defined as highlighted below in TS38.214.
	For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1, 0_2 or 0_3 or configured by higher layer parameter precodingAndNumberOfLayers:
· [bookmark: _Hlk512520180]if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
· [bookmark: _Hlk500758550]for PUSCH transmission with 2 or 4 ports, PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
· UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1, 0_2 and 0_3 described in Clause 7.3.1 of [5, TS38.212].



In RAN1#116 [2], the following is agreed for supporting PTRS for codebook-based transmission by 3TX UE.
	Agreement
For codebook-based transmission by a 3TX UE, 
· Only PUSCH antenna ports 1000, 1001, 1002 are used
· Option- 2: Subject to UE capability, up to 2 PTRS ports may be configured in PTRS-UplinkConfig, 
· FFS whether a single bit or 2 bits are used for PTRS-DMRS association indication.
Above is only for single panel transmission.



When it comes to UL 3TX codebook based PUSCH transmission, since PUSCH antenna port 1000, 1001, and 1002 are agreed to use, the PTRS port 1 is associated PUSCH port 1001 only, then the relationship of PTRS port 1 seems obvious. Hence, when the maximum number of PTRS port is 2, between two bits of PTRS-DMRS association field in UL scheduling DCI, the second bit would not be used for this case, which could be redundant. Considering this aspect, it would be better to study on whether/how to enhance PTRS-DMRS association field in DCI. When the maximum number of PTRS port is 1, at least three codepoints are needed, hence we would like to keep the original bit length as 2 bits for PTRS-DMRS association field in DCI.

Proposal 8. When the maximum number of PTRS is 2, support 1-bit for PTRS-DMRS association indication field which indicates the associated DMRS port with PTRS port 0.

Proposal 9. When the maximum number of PTRS is 1, support 2-bit for PTRS-DMRS association indication field.


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

Proposal 1. Prioritize on relevant issues to specify UL 3TX codebook based transmission, and deprioritize other issues, e.g., UL 3TX non-codebook based transmission.

Proposal 2. No more discussion on UL 3TX codebook is needed.

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

Proposal 4. Support TPMI field in UL scheduling DCI with 2 or 3 bits, considering whether transform precoder is enabled or not and a configured value of maxRank.

Proposal 5. For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1 (re-using 4-port SRS resource) and the last port (i.e., SRS port 1003) is not transmitted for 3TX codebook based SRS transmission.

Proposal 6. For SRS configuration supporting codebook-based UL transmission by a 3TX UE, the value of X, meaning the number of SRS resources in a SRS resource set, can be up to 2 depending on UE capability.

Proposal 7. Support power splitting equally across the actually used 3 antenna ports within 4-port SRS resource for 3TX codebook based SRS transmission.

Proposal 8. When the maximum number of PTRS is 2, support 1-bit for PTRS-DMRS association indication field which indicates the associated DMRS port with PTRS port 0.
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Proposal 9. When the maximum number of PTRS is 1, support 2-bit for PTRS-DMRS association indication field.
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