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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,
	4.	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.

2 Views on the 3-port UL transmission for Rel-19
SRS configurations for 3-port codebook transmission
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:
· Option 1
[bookmark: _Hlk159146777][bookmark: _Hlk157525255][bookmark: _Hlk157528238][bookmark: _Hlk157523612]Reusing the legacy 4-port SRS resource and disabling one of the antenna ports by additional indication 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. In addition, the relationship between SRI and TPMI should clarified when one of the antenna ports is disabled.
· Option 2
[bookmark: _Hlk157528287]Moreover, adding the ‘ports3’ in the SRS resource configuration is the most direct way for this objective. The necessary modifications to the SRS resource configuration are slight, such as reusing the 4-port configuration and disregarding the calculation of the port ‘1003’. Similarly, the legacy SRI/TPMI indication for 4-port UL transmission can also be reused. However, it should be clarified whether this option is within Rel-19 scope or not since the WID objective is not intended to enhance SRS resource.
· Option 3
[image: ]
Fig. 1 1T+2T SRS configuration
[image: ]
Fig. 2 1T+1T+1T SRS configuration
[bookmark: _Hlk159146834]In our view, as shown in Fig. 1 and 2, 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. The UE behavior to transmit the multiple SRS resources in a subset may be similar to SRS for DL CSI acquisition defined in current specification.
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, Option 1 is the most intuitive way and related modification is slight. Option 2 is also concise although it needs a novel parameter definition of 3-port in SRS resource. Option 3 does not need to enhance legacy SRS resource but it requires modifications on SRS resource set configuration and SRI indication. 
[bookmark: _Hlk158108963][bookmark: _Hlk159146930]Proposal 1: Further study the following 3 options for 3-port SRS configuration: 
· Option 1: Reuse the legacy 4-port SRS resource and disable one of the antenna ports by additional indication. 
· Option 2: Support 3-port SRS configuration for a single SRS resource.
· [bookmark: _Hlk159162254]Option 3: Combine the multiple legacy SRS resources configuration as an equivalent to a 3-port SRS configuration.

UL non-coherent codebook scheme 
For codebook-based UL transmission, the precoding matrix  is necessary to be extended for 3-port case. Considering the limited TUs, only the non-coherent scheme is proposed for the 3-port codebook, given in the Table 2.1-A/B/C.
Table 1-A Precoding matrix  for single-layer transmission using 3 antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0-2
	
	
	


[bookmark: _Hlk156933034]Table 1-B Precoding matrix  for two-layer transmission using 3 antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0-2
	
	
	

	3-5
	
	
	


Table 1-C Precoding matrix  for three-layer transmission using 3 antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0
	


Proposal 2: Support Table 1-A/B/C for 3-port non-coherent UL codebook. 

Power scaling determination for 3-port PUSCH transmission

	[bookmark: _Toc12021445][bookmark: _Toc20311557][bookmark: _Toc26719382][bookmark: _Toc29894813][bookmark: _Toc29899112][bookmark: _Toc29899530][bookmark: _Toc29917267][bookmark: _Toc36498141][bookmark: _Toc45699167][bookmark: _Toc156237174]TS 38.213：7.1 Physical uplink shared channel [2]
For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided, the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2, 
-	 for full power TPMIs reported by the UE [18, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with an SRS resource indicated by an SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 
-	, if an SRS resource with a single port is indicated by an SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 
[bookmark: _Hlk159164583]-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, 
-	else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 


In conclusion, no matter 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 3 options in Sec. 2.1, the configured number of antenna ports can not only be associated with one SRS resource, especially in Option 1 and 3:
· In Option 1, although the legacy 4-port SRS resource is configured, the actual number of transmitted antenna ports is 3 after disabling one antenna port.
· In Option 2, the number of SRS ports is still associated with one SRS resource as legacy.
· In Option 3, the linear scaling calculation should consider the total number of SRS ports in one SRS resource subset.
[bookmark: _Hlk159164697]Proposal 3: The determination of power linear scaling for 3-port PUSCH transmission should be studied especially for Option 1 and 3.

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: Further study the following 3 options for 3-port SRS configuration: 
· Option 1: Reuse the legacy 4-port SRS resource and disable one of the antenna ports by additional indication. 
· Option 2: Support 3-port SRS configuration for a single SRS resource.
· Option 3: Combine the multiple legacy SRS resources configuration as an equivalent to a 3-port SRS configuration.
Proposal 2: Support Table 1-A/B/C for 3-port non-coherent UL codebook.
Proposal 3: The determination of power linear scaling for 3-port PUSCH transmission should be studied especially for Option 1 and 3.
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