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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, several agreements were made to address the remaining open issues within the scope of the WID [2]: 

	Agreement
To support codebook-based UL transmission by a 3TX UE, the agreed rank1 precoders in RAN1#116 can also be used when transform precoding is enabled (DFT-s-OFDM ). 

Agreement
To indicate precoding information for codebook-based UL transmission by a 3TX UE, 
· Reuse legacy TPMI indication framework where TPMI and TRI are jointly indicated 
· TPMI field is 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field is 2 bits for DFT-s-OFDM and CP-OFDM
· For maxRank equals to 2 or 3, TPMI field is 3 bits for CP-OFDM

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, support Alt1, 
· Alt1: Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· FFS muting mechanism
where X can be up to 2, subject to UE capability.

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 1001 is associated with PT_RS port 1
· Number of bits used for the indication
· 1 bit

Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, support the following for muting one of the ports of the configured 4-port SRS resource,
· Option 3: Always a same port is muted, e.g., the 4th port
Agreement
For a 3TX UE, to support 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the 3 unmuted antenna ports of the 4-port SRS resource.

Agreement
For 3-port codebook-based PUSCH transmission for a 3TX UE, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3 (except for full-power Mode 0).
· FFS: Whether specification needs to be updated to reflect the above

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 



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




In this contribution, we discuss and share our views on the remaining issues to complete the Rel-19 WID. 

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, 2TX and 4TX implementations 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. 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 [3] shows that, in the codebook-based case, the SRI indication is a single bit which is used to switch between two different SRS resources 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 that 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 [3]). 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 color (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 SET FOR OTHER USAGE BESIDES ‘CODEBOOK’
The scope for Rel-19 is limited to SRS resource sets configured with usage ‘codebook’ and without designing a new 3-port SRS resource. With these restrictions, in the first two meetings, it was agreed to configure an SRS resource set with up to two 4-port SRS resources where one fixed port is always muted (e.g., the 4th port). This approach minimized the specification impact since there is no further impact on SRS resource design. Moreover, the SRI field in the DCI does not require enhancements since the resource set size doesn’t change, and a single bit is used to indicate one of the two SRS resources.  
There are two additional SRS resource set usage that can be impacted by the introduction of 3TX: ‘nonCodebook’ and ‘antennaSwitching’. These are outside the scope of Rel-19 which was limited to the ‘codebook’ usage, but there is more time remaining until the end of Rel-19. We may study if they can also be considered provided that the specification impact is limited.

‘nonCodebook’ case
	The SRS resource set with usage set to ‘nonCodebook’ is configured with single port SRS resources only. The number of layers and the index of the SRS resources are jointly indicated through the SRI field in the DCI. For example, for up to 3 layers, Table 7.3.1.1.2-30 from 38.212 [3] shows that 2, 3, or 4 bits are needed to map all possible combinations of SRS resource indices and layers for a resource set with 2, 3, or 4 resources, respectively. 

[bookmark: _Ref165385563]Table 7.3.1.1.2-30 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
	0,1
	2
	2
	2
	2

	3
	reserved
	3
	0,1
	3
	3

	
	
	4
	0,2
	4
	0,1

	
	
	5
	1,2
	5
	0,2

	
	
	6
	0,1,2
	6
	0,3

	
	
	7
	reserved
	7
	1,2

	
	
	
	
	8
	1,3

	
	
	
	
	9
	2,3

	
	
	
	
	10
	0,1,2

	
	
	
	
	11
	0,1,3

	
	
	
	
	12
	0,2,3

	
	
	
	
	13
	1,2,3

	
	
	
	
	14-15
	reserved



	As of Rel-18, the maximum number of SRS resources per SRS resource set is 1, 2, 4, or 8 based on the UE capability according to section 6.1.1.2 in [4]:

	The maximum number of SRS resources per SRS resource set that can be configured for non-codebook based uplink transmission is 1, 2, 4 or 8 depending on UE capability.





 	For Rel-19, the UE reports a capability for 3TX so the specification does not address this case. The network may configure an SRS resource set with a maximum of 3 resources. Therefore, to support non-codebook based 3TX, ‘3’ should be added to the list of maximum number of resources per resource set (e.g., ‘1, 2, 3, 4, 8’) for which the network can configure up to. The existing tables can be reused (such as Table 1) since they already consider the case with  so there is no need to introduce a new bit field mapping. 

Observation 1: For non-codebook-based precoding by a 3TX UE, SRI indication should support indication of any selection of configured 1-port SRS resources.


Proposal 1: To support non-codebook-based precoding by a 3TX UE, reuse the existing SRI indication tables up to . 

‘antennaSwitching’ case
	Up to Rel-18, the UE reports a capability for the antenna switching configuration, supportedSRS-TxPortSwitch, which indicates the value xTyR where x and y are the supported number of transmit and receive branches, respectively, where y can take some of values from the set {1, 2, 4, 6, 8}. 
One SRS resource set is configured with a set of x-port SRS resources where the ports of each SRS resource are associated with different set of UE antenna ports. The UE transmits the resources over y/x different symbols with an inter-symbol antenna switching guard period to sound the channel over all y antennas. Therefore, the values of x are restricted such that y is an integer multiple of x. Rel-18 only supports SRS resources with x={1, 2, 4, 8} ports. 
The benefit of using 3TX is the shorter time required to sound the channel because it reduces the number of guard times and symbols. For example, with y=6, the UE can sound it with 2 symbols to send two 3-port resources and one guard period in-between. 
	With x=3, possible values of y are 3, 4, 6, or 8. For the simplest specification impact, the existing restriction should be applied which specifies y and x values such that y is an integer multiple of x. This facilitates the SRS resource set configuration since the resource set can only be configured with resources with the same number of ports. Keeping the number of ports per resource fixed ensures that all antenna ports across different symbols are transmitted with equal power. This leaves {3T3R, 3T6R} as the possible xTyR choices. 
For {3T3R, 3T6R}, the resource set configuration should support one 3-port resource and two 3-port resources, respectively. The 3-port resource is based on the agreed Rel-19 design of reusing a 4-port resource with one port muted. Therefore, they can also be specified with minor changes. 
	Other configurations have been suggested such as 3T4R and 3T8R. The existing design principle of SRS resource set states: “The UE shall expect to be configured with the same number of SRS ports for all SRS resources in the SRS resource set(s) with higher layer parameter usage set as 'antennaSwitching' ” [4]. Therefore, these switching configurations require a new SRS resource set definition. For example, to sound the 4 antennas with 3T4R, the SRS resource set should be configured with one 3-port and one 1-port SRS resource. It requires the same number of switching gaps as 2T4R so there’s no latency gain. And using SRS resources with different number of ports may introduce a power imbalance between antenna ports. Similarly, to sound the 8 antennas with 3T8R, the resource set should be configured with two 3-port resources and one 2-port resource. It has fewer switching gaps than 2T8R, but suffers from the power imbalance issue. 
	Therefore, our preference is to support the cases with fewest specification impact which are {3T3R, 3T6R}. 

Observation 2: Similar to other UE types, e.g., 2TX, 4TX and 8TX UE, a 3TX UE should support downlink CSI estimation through antenna switching.

Proposal 2: To enable non-codebook-based precoding by a 3TX UE, support {3T3R, 3T6R} cases for antenna switching. 

4. 3TX CODEBOOK ENHANCEMENTS
The non-coherent codebook design for 3TX is agreed, and the codebooks for 1, 2, and 3 layers are given by:
	For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.

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

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 bit field 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:

	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 implementation of a 3TX UE is based on cross-polarized antenna configuration. The cross-polarized antennas are typically considered to be coherent. Some further codebook optimizations may be considered to support this case in addition to the baseline precoders. 
	
In the cross-polarized case, the co-phasing is typically applied between antenna ports of different polarizations. For example, other phase shifts (e.g., j instead of 1) could be introduced to support the cross-polarized case. If two of the antenna ports (e.g., 1 and 3) are cross-polarized, then TPMIs of the form [p1 p2 φp1] may be considered where p1 and p2 are the precoding weights for the two co-polarized antennas, and φ is the co-phasing factor applied to p1 to yield the precoding weight for the cross-polarized term. The TPMI design may consider precoders matching different antenna port pairs that are cross-polarized (E.g., 1 and 2, 1 and 3, 2 and 3). Based on the UE reported capability of co-polarized or cross-polarized, then different codebook subsets can be configured which include or exclude precoders with co-phasing.  

Observation 3: A potential implementation of a 3TX UE is based on cross-polarized antenna configuration, wherein cross-polarized antennas are considered to be coherent.

Proposal 3: Study further codebook enhancements to adapt the precoders for the cross-polarized case. 

5. CONCLUSIONS
In this contribution, we discussed open issues with respect to 3TX SRS resource set configuration and codebook design. We make the following observations and proposals:

Observation 1: For non-codebook-based precoding by a 3TX UE, SRI indication should support indication of any selection of configured 1-port SRS resources. 

Observation 2: Similar to other UE types, e.g., 2TX, 4TX and 8TX UE, a 3TX UE should support downlink CSI estimation through antenna switching.

Observation 3: A potential implementation of a 3TX UE is based on cross-polarized antenna configuration, wherein cross-polarized antennas are considered to be coherent.


Proposal 1: To support non-codebook-based precoding by a 3TX UE, reuse the existing SRI indication tables up to . 

Proposal 2: To enable non-codebook-based precoding by a 3TX UE, support {3T3R, 3T6R} cases for antenna switching. 

Proposal 3: Study further codebook enhancements to adapt the precoders for the cross-polarized case. 
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