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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN Meeting #102, The WID of NR MIMO Phase 5 for Release 19 (Rel-19) was approved [1]. The objective related to the UL transmission is given as follows,
	3. Specify non-coherent UL codebook to facilitate 3-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.


In this contribution, we discuss the potential specification impacts on the 3-port codebook-based UL transmission for the coming meeting.

2 Views on the 3-port UL transmission for Rel-19
SRS configurations for 3-port codebook transmission
	Agreement：
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· [bookmark: _Hlk162863390]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.


There is no 3-port SRS defined in the current specification. To support 3-port codebook-based transmission, it should be studied on how to configure the necessary SRS for codebook-based transmission. In our view, to ensure smooth 3-port operations, it is desired to study the following options of 3-port SRS configuration on top of the legacy SRS resource configurations, which is also accepted as the agreement in the RAN 1#116 meeting:
· Alt 1: Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
[bookmark: _Hlk159146777][bookmark: _Hlk157525255][bookmark: _Hlk157528238][bookmark: _Hlk157523612]Reusing the legacy 4-port SRS resource and disabling one of the antenna ports so that UE only transmits 3-port SRS out of the configured 4-port SRS. In this option, how to align the UE capability and SRS configuration should be studied.
· Alt 2: Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set
[image: ]
Fig. 1(a) 1T+2T SRS configuration
[image: ]
Fig. 1(b) 1T+1T+1T SRS configuration
[bookmark: _Hlk159146834]In our view, as shown in Fig. 1, by combining multiple legacy SRS resources is also desired to implement an equivalent 3-port SRS configuration. Therefore, the parameter of ‘resource subset’ is introduced in each resource set to group the multiple SRS resources. Parameters in each resource subset should be set uniformly, such as the ‘spatialRelationInfo’ in SRS-Resource shall be set as the same. 
In addition, SRI indication should be re-interpreted to allow this kind of SRS configuration. For example, the SRI is to indicate an index associated with one of the SRS resource subsets in the SRS resource set.
Generally, Alt 1 is the most intuitive way and related modification is slight. Alt 2 does not need to enhance legacy SRS resources, but it requires modifications to SRS resource set configuration and SRI indication. Despite this, Alt 2 has power boosting gain if the multiple SRS resources are transmitted in a TDMed way. Therefore, we think that Alt 2 is preferred.
[bookmark: _Hlk158108963][bookmark: _Hlk159146930]Proposal 1: Regarding the SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of multiple SRS resources with equal/unequal number of ports in a resource set (Alt 2), 
· The SRS resource set includes up to two subsets to enable different UL spatial filtering, wherein each subset includes 2 or 3 SRS resources with equal/unequal number of ports (i.e., 2 + 1 or 1 + 1 + 1)
· All the SRS resources in the same subset share the same configurations of power control and spatial information.

PTRS-DMRS association in 3-port transmission
	Agreement：
For a 3TX UE, down-select one of the following options for the number of PTRS ports,
· Option- 1: A single PTRS port is supported.
· Option-2: Up to 2 PTRS port may be configured.
Agreement：
For a 3-antenna-port codebook-based UL transmission, study PTRS-DMRS association.
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.


As shown in above agreements, whether 1 bit or 2 bits are configured for PTRS-DMRS association indication should be discussed in the coming meeting. In our view, based on Table 7.3.1.1.2-25/26 in TS 38.212 [2], the legacy PTRS-DMRS association can be reused, while some of the codepoints needs to be ignored.
	Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port


Table 7.3.1.1.2-26: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS ports 0 and 1
	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


· 


When configured with one port,
· For PTRS-DMRS associations, UE ignores an indicated value of 3 in a DCI.
When configured with two ports,
· PUSCH antenna port 1000 and 1002 in an indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 in an indicated TPMI share PT-RS port 1.
For PTRS-DMRS associations UE ignores an indicated value of 1 for LSB in PTRS-DMRS association field in a DCI.
[bookmark: _Hlk162463107]Proposal 2: Support 2 bits scheme based on the legacy PTRS-DMRS association for 3-port transmission, while some of the codepoints needs to be ignored.

Power scaling determination for 3-port PUSCH transmission
	Agreement:
For a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.
Agreement:
For codebook-based uplink transmission by a 3TX UE, support full-power Mode 0, subject to UE capability.


According to current specifications, no matter whether fullpower in ul-FullPowerTransmission in PUSCH-Config is configured or not, the legacy linear scaling calculation considers the maximum number of SRS ports in one SRS resource. For the 2 Alts in Sec. 2.1, the configured number of antenna ports can not only be associated with one SRS resource:
· In Alt 1, although the legacy 4-port SRS resource is configured, the actual number of transmitted antenna ports should be 3 after disabling one antenna port.
· In Alt 2, the linear scaling calculation should consider the largest total number of SRS ports in an SRS resource subset.
[bookmark: _Hlk162462787]Since we support Alt 2 scheme of SRS configurations, the corresponding power scaling rule should be updated for 3-port transmission. The calculation of scaling should consider the largest total number of SRS ports in one SRS resource subset.
In addition, when fullpower mode 0 is enabled, the power scaling factor should be set to 1 since UE can support full power with a single antenna port.
[bookmark: _Hlk163053068]Proposal 3: When a SRS resource set includes 2 or 3 SRS resources with equal/unequal number of ports (i.e., 2 + 1 or 1 + 1 + 1) for 3-port transmission, the power linear scaling calculation should consider the total number of SRS ports in an SRS resource subset.
Proposal 4: When fullpower mode 0 is enabled, the power scaling factor should be set to 1.

3 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, our views on the 3-port UL transmissions for Rel-19 are discussed. Based on the discussion we propose the following:
Proposal 1: Regarding the SRS configuration supporting codebook-based UL transmission by a 3TX UE, support configuration of multiple SRS resources with equal/unequal number of ports in a resource set (Alt 2), 
· The SRS resource set includes up to two subsets to enable different UL spatial filtering, wherein each subset includes 2 or 3 SRS resources with equal/unequal number of ports (i.e., 2 + 1 or 1 + 1 + 1)
· All the SRS resources in the same subset share the same configurations of power control and spatial information.
Proposal 2: Support 2 bits scheme based on the legacy PTRS-DMRS association for 3-port transmission, while some of the codepoints needs to be ignored.
Proposal 3: When a SRS resource set includes 2 or 3 SRS resources with equal/unequal number of ports (i.e., 2 + 1 or 1 + 1 + 1) for 3-port transmission, the power linear scaling calculation should consider the total number of SRS ports in an SRS resource subset.
Proposal 4: When fullpower mode 0 is enabled, the power scaling factor should be set to 1.
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