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1. INTRODUCTION
For Rel-19, a WID was proposed to further enhance the MIMO feature [1], where the fourth objective targets enhancements to support 3TX UL transmission. In the last meeting, a significant progress was made and following agreements were reached [2], 

	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.


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 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 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.

Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19

Agreement
For performance evaluation of 3TX UE, consider following reference configurations,
· A linear array (1D) of single-polarized antenna configuration with a spacing of 0.5λ, 
· For example:		 |
· A configuration of a cross-polarized and a single-polarized antennas, 
· For example:		 

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.

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.




In this contribution, we discuss and share our views on the remaining issues related to SRS configuration and power control. 

2. BACKGROUND AND MOTIVATION
	In NR, there exists an imbalance between the performance of DL and UL transmissions. In the last couple of releases (Rel-17 and Rel-18), 3GPP worked on introducing additional enhancements in the UL to close the performance gap with the DL. To enable higher throughputs, the number of supported UL antennas has been increased to support additional layers for increased spatial multiplexing. Rel-18 introduced specification support for 8TX which included new TPMI codebooks with 8 antenna ports for different UE coherence and Full Power Transmission (FPTX) capabilities, and support for more than 4 layers with 2 CWs. However, the Rel-18 objective was mainly targeting more advanced devices with larger form factor such as CPE/FWA/vehicle/industrial devices which can accommodate the additional hardware for 8TX (e.g., antennas, power amplifiers). For UEs with smaller form factor, there is a compromise between increasing the performance with more antennas and maintaining a compact design. 2TX and 4TX UL codebooks represent more practical antenna configurations to support up to 2 and 4 layer transmission, respectively. 
In codebook-based UL transmission, the UE reports its capability which includes the number of UL TX antennas, the coherency between antennas (e.g., coherent, partially coherent, or fully coherent), the FPTX assumption, and the maximum number of layers supported. The UE is configured with an SRS-ResourceSet with usage parameter set to ‘codebook’. Optionally, a second SRS-ResourceSet is configured if multi-TRP or multi-panel cases are considered. The SRS resource set is configured with up to  SRS resources, and all SRS resources in the set are configured with the same number of SRS ports (if FPTX is not configured). The number of ports configured are equal to the number of supported UL TX antennas, and the UE maps the transmission one-to-one from its UL TX antennas to an SRS port. Each SRS resource index is mapped to a bit field, the SRI. The SRI indication is used in a scheduling grant to indicate the UL beam where one beam is associated per configured SRS resource in the SRS resource set. Table 1 from 38.212 [4] shows that, in the codebook-based case, the SRI indication is a single bit which is used to switch between two different SRIs in the SRS resource set. 

	Bit field mapped to index
	
SRI(s), 

	0
	0

	1
	1


[bookmark: _Ref157774442]Table 1 - SRI indication in codebook-based PUSCH transmission without FPTX

In addition to the SRI, the scheduling grant for codebook-based also indicates the precoder the UE shall use to map the layers to the UL TX antennas. The precoders are defined in separate codebooks for each combination of number of transmit antennas and number of layers. A precoding indication bit field in the grant maps to a set of TPMIs associated to the number of antenna ports in the indicated SRI. The TPMIs represent indices to precoders that are specified in codebooks where one codebook is given for each combination of TX antennas and number of layers. The TPMIs correspond to a subset of precoders from the codebooks, where the subset is defined based on the number of layers, antenna coherence (‘fullyAndPartialAndNonCoherent’, ‘partialAndNonCoherent’, ‘nonCoherent’), and FPTX capabilities (‘ul-FullPowerTransmission’). Table 2 illustrates the precoding information for 4TX without FPTX (Table 7.3.1.1.2-2 in 38.212 [4]). The highlighted bit fields correspond to the ‘nonCoherent’ subset of TPMIs which maps to the precoders in the 4TX codebooks for 1, 2, 3, and 4 layers. The grant also includes a field for the antenna port indication which indicates the mapping of DMRS resources to PUSCH layers. The UE then sends the PUSCH precoded according to the determined TPMI and DMRS. 

	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=4
	12-15
	reserved

	…
	…
	…
	…
	
	


[bookmark: _Ref157593798]Table 2 - Precoder indication mapping to TPMIs for nonCoherent 4TX

Based on the feedback from UE vendors, current devices are mostly limited to 2TX because of the device size restrictions. Even though Rel-18 supports 4TX and 8TX UL, these antenna configurations do not represent realistic use cases for mobile devices; thus, the throughput gain from 4TX and 8TX is rarely realized in practice. For this WID, it has been agreed that 3TX represents a viable value proposition considering current technology and consumer demands. 

In terms of antenna coherency, for 3TX, there are different cases that could be implemented. For example, with a co-polarized configuration, all 3TX antennas have the same polarization. With dual-polarized antenna setup, the UE could be considered partially or fully coherent, where two of the antennas have the same polarization and a third antenna is on the other polarization. Figure 1 illustrates the two possible configurations, where each polarization is assigned a different colour (e.g., v-pol and h-pol are red and blue, respectively). To simplify the specification effort, Rel-19 WID is restricted to the nonCoherent case where the UE can transmit on only one antenna at a time. 



[bookmark: _Ref158388911]Figure 1 - Co- and cross-polarized antennas

In Rel-19, the objective is to specify 3TX for the restricted case of codebook-based transmission without FPTX, only for nonCoherent case, and without introducing any enhancements to the SRS resources.  
[bookmark: _Hlk46150012] 
3. SRS RESOURCE CONFIGURATION FOR 3TX SOUNDING
	As of Rel-18, SRS resources with 1, 2, 4, and 8 ports are specified. To perform channel sounding, the 3TX UE should use a procedure with SRS resources to enable the network’s channel estimation for precoder determination. However, from the Rel-19 WID, there shall not be any SRS resource enhancements, so introducing a new 3-port SRS resource is outside of the scope. Hence, the procedure for 3TX sounding shall be focused on reusing the Rel-18 SRS resources and defining how to configure the SRS resource set. In the last meeting, it was agreed that a single SRS resource set is configured in sTRP case,

	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.




Uplink transmission using mTRP PUSCH repetitions and STxMP are supported since Rel-17 and Rel-18, respectively. For completeness of 3TX uplink capabilities, it would make sense to support mTRP PUSCH repetition and STxMP features. The two TPMIs can support 3TX with the new codebook definitions mapped to the first and second precoding matrix indicator.
[bookmark: _Hlk163144334]Any changes made in Rel-19 on the SRS resource set definition for 3TX may remain applicable for mTRP and STxMP transmission modes. To support these modes of transmission, a UE needs to be configured with two SRS resource sets. For 3TX, this should be a straightforward extension because the DCI already supports the two SRS resource set indications, two precoding indicators, and SRS resource set indicators. Existing STxMP operation assumes the two SRS resource sets have the same number of ports per resource. However, that may not be the case for a 3TX UE, as one SRS resource set with 1-port resources, and a second SRS resource set with 2-port resources may need to be configured. Nevertheless, the expected change in specification does not seem to be problematic.

Observation 1: For completeness of 3TX uplink capabilities, it would make sense to support mTRP PUSCH repetition and STxMP features, as the expected change in specification does not seem to be significant.

Proposal 1: Support mTRP PUSCH repetitions and STxMP with 3TX. 

	Regarding the SRS resource set configuration, the following agreement was made last meeting:
	[bookmark: _Hlk162457467]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.




To support 3TX operation, two different alternatives are identified for SRS resource configuration within a set where each have their unique features.
Alt1 uses an SRS resource set configured with X SRS resources with N=4 ports each, where one of the ports is assumed muted. This option requires a single SRS resource set configured with N-port resources. This is in-line with legacy SRS resource configuration where each SRS resource set only considers SRS resources with equal number of ports. 
Alt2 uses multiple SRS resources with N<3 ports, e.g., 1- and 2-port SRS resources.  This option requires specification to support aggregation of ports from different resources with different number of ports in a single SRS resource set and mapping a 3TX transmission accordingly. Further, SRS resource set configuration should also be enhanced to support configuration of resources with different number of ports within the same SRS resource set. Moreover, the DCI carrying the scheduling grant should also be enhanced to indicate the pairing of SRS resources.  If Alt2 is adopted, then the ports could be transmitted over different symbols (e.g., 1-port resource in symbol 1, and 2-port resource in symbol 2). This might affect the performance of channel estimation as 1- and 2-port SRS resource are transmitted in different symbols, impacting channel estimation accuracy. 

Given characteristics of each alternative, in our view, the most straightforward approach with lowest spec impact is to use Alt1. 

Observation 2: Without FPTX, the SRS resource set can only be configured with SRS resources with the same number of ports. 

Proposal 2: Support Alt1 that is configuration of X 4-port SRS resources in a resource set where one of the ports is muted. 

	The value of X is FFS which determines the maximum number of SRS resources within an SRS resource set.  In the current specification, the UE can be configured with one or two () SRS resources for a resource set with CB-based usage. For Rel-19, we may keep the same definition and limit the SRS resource set with up to a maximum of X=2 resources. 

Observation 3: Current specifications is limited to  resources in an SRS resource set with CB-based usage. 

Proposal 3: An SRS resource set for 3TX is configured with up to X=2 SRS resources. 

	If Alt1 is adopted, one further aspect to discuss is which SRS port shall be muted. There should be a rule in the specification to indicate the muted port to ensure that the network and UE have a common understanding of the non-zero REs. If no rule is specified, the network cannot reliably determine which REs from the SRS resource are used by the UE. 
A first option is to have a fixed rule in the specification where one of the SRS port indices of the 4-port SRS resource is always muted (e.g., port 1003). The same rule applies to all UEs. A second option is to have a configurable muted port index. The index of the muted port (e.g., one of 1000-1003) is determined explicitly (e.g., through RRC configuration) through a UE-specific configuration. This may provide more network flexibility for SRS resource usage (e.g., interference randomization). 

Observation 4:  If Alt1 is adopted, the UE and network should be aware of the index of the muted port. 

Proposal 4: If Alt1 is adopted, the index of the muted port is UE-specifically configurable. 

4. SRS POWER CONTROL ENHANCEMENTS
In NR, the UE determines the transmission power in dBm, , using the SRS power control formula given by
[image: ] [dBm]
where  is the UE maximum output power for carrier f of serving cell c in SRS transmission occasion I,  is a configured target received power for BWP b of SRS resource set index ,  is the configured number of RBs for SRS transmission,  is the subcarrier spacing,  is the configured fractional pathloss compensation factor,  is the downlink pathloss estimate measured on RS , and  is the lth power control adjustment state. This is the total power that the UE shall use to transmit all the SRS ports of the resource. The dBm value is converted to the linear equivalent value, , and the UE splits the linear value equally across the N configured SRS ports. For example, if N=4, the UE transmits on each of the 4 SRS ports with an equal power of . In the special case where N=8 with tdm configuration, the UE transmits the SRS ports in different TDM-ed groups of SRS ports, and the UE splits   equally across the SRS ports per symbol. 
Assuming we reuse an N-port SRS resource with N=4, then the power control formula specifies that the UE splits a linear value of the transmit power across the configured antenna ports for SRS [5]:

	[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc156237178]7.3	Sounding reference signals
For SRS, 
-	[…]
-	else, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS.
 



The same principle applies to the 3TX case. The UE should split a linear value of the transmit power across the 3 SRS antenna port used by the UE. The nature of the enhancement depends on the SRS resource set configuration (e.g., whether Alt1 or Alt2 is adopted). 
If Alt1 is adopted, the configured SRS ports N=4 do not match the number of UE transmit antennas (3). A straightforward change is to specify that the UE splits the power equally across the non-zero antenna ports of the configured SRS ports if 3TX is configured. 
If Alt2 is supported, one SRS resource set consists of a 1-port and 2-port SRS resource aggregated to form the 3-ports. This may result in a power imbalance between the 1-port and 2-port SRS resource. If the legacy power splitting rule is used, the power is split equally between a single port for the 1-port resource, and between 2 ports for the 2-port resource. An additional power splitting factor should be considered to achieve an equal power split amongst the 3 ports. This can be achieved by configuring a power split ratio between the 1-port SRS and 2-port SRS. 

Observation 5: If Alt1 is considered, the UE cannot split the power over N=4 configured ports because it only uses 3 out of the 4. If Alt2 is supported, there may be a power imbalance between ports. 

Proposal 5: For Alt1, the UE splits the power equally across the non-zero antenna ports of the configured SRS ports. For Alt2, the UE receives a configurable power split ratio between the 1-port SRS and 2-port SRS. 

5. 3TX CODEBOOK ENHANCEMENTS
The non-coherent codebook design was agreed last meeting: 
	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.



	
A 3 bit precoding indication in the grant is sufficient to indicate all 7 precoders with 1 reserved state to spare. The scope of Rel-19 is limited to support UEs with non-coherent capability. However, even for 3TX, the cross-polarized case is relevant as one of the reference configurations under study:
	Agreement
For performance evaluation of 3TX UE, consider following reference configurations,
· A linear array (1D) of single-polarized antenna configuration with a spacing of 0.5λ, 
· For example:		 |
· A configuration of a cross-polarized and a single-polarized antennas, 
· For example:		 


	As shown in Figure 1, a potential antenna configuration for a 3TX UE may be based on use of cross-polarized antennas. In most UE implementations, cross-polarized antennas are typically considered to be coherent. Therefore, based on UE capability, some further codebook optimizations may be considered to support this case besides the baseline non-coherent precoders. For example, a fully coherent 2TX-based codebook may be combined with a 1TX codebook. Therefore, with a similar overhead and minor specification impacts, the performance of a 3TX UE equipped with cross-polarized antennas can be enhanced. Hence, if time allows, it would be beneficial to support a partially-coherent codebook to support UEs with cross-polarized configuration. 
Observation 6: The cross-polarized antennas are typically considered to be coherent.

Proposal 6: if time allows, support partially-coherent codebook for the cross-polarized case in Rel-19. 

6. CONCLUSIONS
In this contribution, we discussed the scope of 3TX enhancements for Rel-19 including 3TX SRS sounding and 3TX power control. We make the following observations and proposals:

Observation 1: For completeness of 3TX uplink capabilities, it would make sense to support mTRP PUSCH repetition and STxMP features, as the expected change in specification does not seem to be significant.

Observation 2: Without FPTX, the SRS resource set can only be configured with SRS resources with the same number of ports. 

Observation 3: Current specifications is limited to  resources in an SRS resource set with CB-based usage. 

Observation 4:  If Alt1 is adopted, the UE and network should be aware of the index of the muted port. 

Observation 5: If Alt1 is considered, the UE cannot split the power over N=4 configured ports because it only uses 3 out of the 4. If Alt2 is supported, there may be a power imbalance between ports. 

Observation 6: The cross-polarized antennas are typically considered to be coherent.

Proposal 1: Support mTRP PUSCH repetitions and STxMP with 3TX. 

Proposal 2: Support Alt1 that is configuration of X 4-port SRS resources in a resource set where one of the ports is muted. 

Proposal 3: An SRS resource set for 3TX is configured with up to X=2 SRS resources. 

Proposal 4: The index of the muted port is UE-specifically configurable. 

Proposal 5: For Alt1, the UE splits the power equally across the non-zero antenna ports of the configured SRS ports. For Alt2, the UE receives a configurable power split ratio between the 1-port SRS and 2-port SRS. 

Proposal 6: if time allows, support partially-coherent codebook for the cross-polarized case in Rel-19. 
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