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[bookmark: _Ref115096422]Introduction
In this paper, we discuss UL transmission enhancement to precoding indication for multi-panel transmission for Rel-18 NR MIMO WI 
	1. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.




Single-DCI Based STxMP UL Transmission
Single-DCI based STxMP PUSCH
Shared Digital Ports
	Proposal 1.3 (RAN1#112bis-e): 
For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, 
· Option 1: Support enhancement to enable this case and down-select one from the following alternative solutions:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.
· Alt2: The gNB configures SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission. For example, the gNB configures one 4-port SRS resource (for sTRP transmission) and one 2-port SRS resource (for STxMP SDM/SFN transmission) in one SRS resource set
· Alt3: The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed/semi-static subset of the SRS ports. The gNB configures SRS resources with P ports. When the STxMP SDM/SFN scheme is indicated, each TPMI indicates precoder(s) with P/2 ports that correspond to a fixed/semi-static P/2 ports of the indicated SRS resource.
· Alt4: UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN.
· Alt5: When the gNB indicates a coherent precoder for STxMP SDM/SFN transmission, the UE applies zeros to some row(s) in the precoder so that only part of the ports are used for STxMP SDM/SFN.
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· Note: If RAN1 cannot make a down-selection in RAN1#113, the above feature will not be supported in Rel-18. 



In RAN1#112 a working assumption was agreed as shown above (Option 1 + Alt 1). This is consistent with UE panel structure with the same number of digital ports. Note that a multi-panel UE with different number of digital ports in different panels could perform codebook based Tx operation with Option 1 + Alt 1 using specification transparent virtualization while the gNB only observes the same number of digital ports across all panels. Therefore we propose to confirm the working assumption. Whether/how to enable asymmetric panel structure at the UE side can be further discussed. 
Proposal 1. For sDCI based STxMP PUSCH SDM scheme, confirm the working assumption Option-1 + Alt-1. It is FFS whether to support additional specifications for asymmetric UE panel structure.

	

Figure 1. Case A1
	

Figure 2. Case A2

	
Figure 3.Case B1

	

Figure 4.Case B2




In RAN1#112bis-e the support of a case where # of sTRP ports = # of SDM ports was discussed. In the following we consider the following antenna architectures.
	
	#sTRP PUSCH ports
	#SDM PUSCH ports
	Comments

	Case A1 (Figure 1)
	2
	2+2
	Dedicated digital ports

	Case A2 (Figure 2)
	2
	2+2
	Shared digital ports 

	Case B1 (Figure 3)
	4
	2+2
	Shared digital ports with port selection

	Case B2 (Figure 4)
	4
	2+2
	Shared digital ports with port aggregation for full power



Note that case A1 and case A2 can already be supported by Option-1 + Alt-1 as per the working assumption which includes both shared and dedicated digital ports architecture. We can also observe that the architectures for cases B1 and B2 reduces to Case A1 if a UE virtualizes each panel to 2 ports. This virtualization enables full power operation and higher MCS can be used for 2-layer sTRP operation compared to 4-layer sTRP operation. 
We also note that in order to support full power Mode-2 operation, 2 SRS resources in the same resource set can be used with 2 ports and 4 ports each (for codebook-based operation). This can also be used to support case B1 and B2 where a 2 port SRS is used for SDM transmission, and a 4 port SRS is used for sTRP transmission. Further, we note the following aspects for the different alternatives listed in RAN1#112bis-e:
Alt-1: no coherent gain, does not support layer to port virtualization, additional specification impact
Alt-2: additional SRS overhead, support layer to port virtualization, small specification impact
Alt-3, 4, 5: significant specification impact, does not support layer to port virtualization (only supports antenna selection) 
Observation 1: Existing working assumption Option-1 + Alt-1 can support both shared and dedicated digital port architecture optimally in the case where #sTRP PUSCH ports is less than #SDM PUSCH ports.
[bookmark: _Ref127193440][bookmark: _Ref127183177][bookmark: _Ref127193466]Proposal 2. Support configuring a 2-port and a 4-port SRS resource in the same SRS resource set if there is a need to support the special case of #sTRP PUSCH ports = #SDM PUSCH ports

SRI/TPMI Fields Design and Dynamic Switching Between Different Transmission Modes
SRI indication:
	112be Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.



In previous RAN1 meetings, it has been agreed that a 2-bit DCI field is used for dynamic switching between SDM/SFN STxMP PUSCH transmission mode and single-TRP PUSCH transmission mode. A working assumption has been made for usage of the legacy maxRank for sTRP transmission and to configure one new maxRank for SDM transmission in STxMP. 
In Table 1 (in Appendix), the SRI field length for STxMP mode and sTRP mode are compared for various maximum number of layers and number of SRS resources configurations. It can be observed that for many configurations, using only one SRI field in single-TRP mode is not enough. Thus, we have the following proposals.
[bookmark: _Ref127183183]Proposal 3. In the case of sDCI based STxMP PUSCH SDM scheme support Alt-3 which is using both the 1st SRI field and the 2nd SRI field to indicate a single SRI in single-TRP mode. 
Furthermore, there is one special case, i.e., , that even using both SRI fields for single-TRP SRI indication is not enough to indicate the SRI for single-TRP mode, which are highlighted in red in Table 1 in Appendix. In this case, the total number of bits for the two SRI fields is 3, but 4 bits are needed to indicate the SRI for single-TRP mode. 
In order to solve this issue, several methods can be considered – one is that gNB simply avoids this case via implementation
TPMI indication:
As agreed in a previous meeting, for CB-based PUSCH, DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers. The lengths of single-TRP TPMI field for different configurations are shown in Table 2 (Appendix). Similar to what has been observed in SRI field design, Table 2 shows that if only one TPMI field is used for TPMI indication in single-TRP mode, either the 1st or 2nd TPMI field may not have the enough bits.
[bookmark: _Ref127183197]Proposal 4. In the case of sDCI based STxMP PUSCH SDM scheme, support Alt-3 which is using both the 1st and the 2nd TPMI field to indicate a single TPMI when switching to single-TRP mode. 

PTRS-DMRS Association
	#112 Agreement 
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
[bookmark: _Hlk131764083]FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

#112 Agreement 
For single-DCI based STxMP SFN scheme,
· Alt2: When maxNrofPorts = 2 is configured for PTRS in SFN scheme, the actual number of PTRS port(s) in SFN is determined by the 1st TPMI field for CB or 1st SRI field for NCB
· Each PTRS port is transmitted in SFN manner

#110be Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme




In previous RAN1 meetings, we have agreed to configure up to 2 PTRS ports for SDM scheme and when max 2 ports are configured, the actual number of PTRS ports in SDM is 2. In SDM, the MSB and LSB corresponds to PTRS port0 and port1, respectively, where the PTRS port0 is associated with the first TPMI/SRI field and the PTRS port1 is associated with the second TPMI/SRI field. 
[image: ]
For SDM scheme and SFN scheme, max 1 PTRS port configured scenario should also be specified. When max 1 PTRS port is configured for SDM scheme, Table 7.3.1.1.2-25 of TS38.212 can be re-used for PTRS-DMRS indication. When max 1 PTRS port is configured for SFN scheme, the PTRS port can be transmitted in SFN manner also, and Table 7.3.1.1.2-25 of TS38.212 can be used for PTRS-DMRS indication.
[bookmark: _Ref131409357]Proposal 5. When max 1 PTRS port is configured for SDM scheme of single-DCI based STxMP PUSCH, Table 7.3.1.1.2-25 of TS38.212 can be used for PTRS-DMRS indication.
[bookmark: _Ref131409365]Proposal 6. When max 1 PTRS port is configured for SFN scheme of single-DCI based STxMP PUSCH, the PTRS port can be transmitted in SFN manner, and Table 7.3.1.1.2-25 of TS38.212 can be used for PTRS-DMRS indication.
Furthermore, the DCI field of PTRS-DMRS association for SFN transmission can be legacy 2 bits if configured maxRank is larger than 2, while it can be shortened to 1 bit if the configured maxRank is no more than 2. 
[bookmark: _Ref131409373]Proposal 7. For single-DCI based STxMP SFN scheme, the DCI field of PTRS-DMRS association can be shortened to 1 bit if the configured maximum number of layers is no more than 2.
Another issue is whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission. The use-case is where a single PTRS port is sufficient for sTRP operation while 2 PTRS ports is necessary for SDM operation. We note, however that for partial-coherent and non-coherent CB based UL transmission, the association between PUSCH antenna ports and PTRS ports is semi-static, i.e., 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 - therefore always indicating 1 actual PTRS port for sTRP using DCI may not be possible. However, this is not a critical issue.  
Proposal 8. For single-DCI based STxMP PUSCH SDM transmission, additional RRC configuration for the max number of PTRS ports for SDM transmission may be beneficial but not critical.

Multi-DCI based STxMP UCI multiplexing
	Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.



In previous RAN1 meeting, we have agreed to study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH. 
As for the UCI multiplexing and collision handling rules for multi-DCI based STxMP UL transmission, we think that in principle legacy rules can be applied for UCI handling within a panel separately. UCI could be multiplexed on a PUSCH only if both are associated with the same CORESETPoolIndex (shown in Figure 6). An exception to UCI multiplexing could be when joint HARQ-ACK feedback is configured in which case legacy behavior applies.


Figure 5. Single panel PUCCH collides with multi-panel PUSCH
[bookmark: _Ref131409686]Proposal 9. In the case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSC and when joint HARQ-ACK feedback is not configured, support Option 1 using CORESETPoolIndex to associate UCI with PUSCH.

Scenarios of capable/incapable of supporting STxMP
In previous RAN1 meetings and discussions, we have the following FL proposals and agreements.
	Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator




	[image: ]
[bookmark: _Ref118647073]Figure 6: UL STxMP Tx - L1-RSRP with panel selection (2Rx)
	[image: ]
[bookmark: _Ref118647090]Figure 7: UL single TRP Tx - L1-RSRP using all panels (4Rx)



We support the motivation for the NW to be informed on whether channel condition permits a UE to support STxMP PUSCH+PUSCH transmission. Channel condition is used in a general form to include scenarios due to UE rotation or switching power on/off at the UE side. It is equally important for the NW to know a UE moving from sTRP to STxMP mode and vice-versa. This can be achieved by the following steps:
· Step-0: UE reports ability to support STxMP transmission along with a UE capability value set that comprises of the max supported number of SRS ports (two capability values sets may have the same number of SRS ports)
· Step-1: gNB transmits SSBs/CSI-RSs in different CSI resource sets using different TRPs.
· Step-2: In a non- groupBasedBeamReporting setting (Figure 7), the UE measures the received the SSB/CSI-RS from all panels and reports L1-RSRP along with a UE capability value set index (panel-ID) in a CSI report. In a groupBasedBeamReporting setting (Figure 6), the UE measures the SSB/CSI-RS received from the best selected panel and reports L1-RSRPs where each L1-RSRP is associated with a value set index (panel-ID) indicating which panel is used for L1-RSRP measurement. 
· Step-3: The NW could determine from the UCI reports whether the UE is suitable for STxMP transmission and also can determine pairs of TCI states that are compatible for STxMP. 
[bookmark: p1][bookmark: _Ref131410389][bookmark: _Ref115097614]Proposal 10. To support the scenario where a UE transitions between STxMP operation and sTRP operation, enhance the Rel-17 UE capability value set reporting to the case of symmetric panels with corresponding value set reporting in L1-RSRP reports. Enhance the Rel-17 group-based beam L1-RSRP reporting using Alt 1. 

Conclusion
The main proposals in this paper are outlined as follows.
Observation 1: Existing working assumption Option-1 + Alt-1 can support both shared and dedicated digital port architecture optimally in the case where #sTRP PUSCH ports is less than #SDM PUSCH ports.
Proposal 2. Support configuring a 2-port and a 4-port SRS resource in the same SRS resource set if there is a need to support the special case of #sTRP PUSCH ports = #SDM PUSCH ports
Proposal 3. In the case of sDCI based STxMP PUSCH SDM scheme support Alt-3 which is using both the 1st SRI field and the 2nd SRI field to indicate a single SRI in single-TRP mode. 
Proposal 4. In the case of sDCI based STxMP PUSCH SDM scheme, support Alt-3 which is using both the 1st and the 2nd TPMI field to indicate a single TPMI when switching to single-TRP mode. 

Proposal 5. When max 1 PTRS port is configured for SDM scheme of single-DCI based STxMP PUSCH, Table 7.3.1.1.2-25 of TS38.212 can be used for PTRS-DMRS indication.
Proposal 6. When max 1 PTRS port is configured for SFN scheme of single-DCI based STxMP PUSCH, the PTRS port can be transmitted in SFN manner, and Table 7.3.1.1.2-25 of TS38.212 can be used for PTRS-DMRS indication.
Proposal 7. For single-DCI based STxMP SFN scheme, the DCI field of PTRS-DMRS association can be shortened to 1 bit if the configured maximum number of layers is no more than 2.
Proposal 8. For single-DCI based STxMP PUSCH SDM transmission, additional RRC configuration for the max number of PTRS ports for SDM transmission may be beneficial but not critical.

Proposal 9. In the case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSC and when joint HARQ-ACK feedback is not configured, support Option 1 using CORESETPoolIndex to associate UCI with PUSCH.
Proposal 10. To support the scenario where a UE transitions between STxMP operation and sTRP operation, enhance the Rel-17 UE capability value set reporting to the case of symmetric panels with corresponding value set reporting in L1-RSRP reports. Enhance the Rel-17 group-based beam L1-RSRP reporting using Alt 1. 
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Appendix

[bookmark: _Ref124947680]Table 1. STxMP and sTRP mode SRI field(s) length comparison for dynamic switching 
	
	sTRP, 
	
	SRI length, in bits

	1
	2

	2/3/4
	4 



	sTRP, 
	
	SRI length, in bits

	1
	2

	2/3/4
	3



	sTRP, 
	
	SRI length, in bits

	1
	1

	2/3/4
	2




	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	2 + 2 = 4 

	2
	4 + 4 = 8



	using only one SRI field in sTRP mode may not be enough for some max number of layers values. (Example: for only 2 bits are in the first SRI field, but 4 bits are needed for sTRP SRI indication)
	
	

	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	2 + 2 = 4

	2
	4 + 3 = 7 



	using only one SRI field in sTRP mode may not be enough for some max number of layers values.
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.
	

	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	2 + 1 = 3 

	2
	4 + 2 = 6



	using only one SRI field in sTRP mode may not be enough for some max number of layers values. 
If switching from layer comb {1+1} to sTRP mode rank-2 transmission with SRS resource set 1, 4 bits are needed for SRI indication, but there are only 3 bits
	
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.

	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	2 + 2 = 4

	2
	3 + 3 = 6



	
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.
	

	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	2 + 1 = 3

	2
	3 + 2 = 5 



	
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.

	STxMP, 
	
	SRI1+SRI2 length, in bits

	1
	1 + 1 = 2

	2
	2 + 2 = 4 



	
	
	using only one SRI field in sTRP mode may not be enough for some max number of layers values.


(Notes: For the convenience of comparison,  represents the configured maximal number of layers applied to the 1st and 2nd SRS resource set in STxMP mode, and  represents the configured maximal number of layers applied to single-TRP mode.  and  represents the number of SRS sources in the 1st and 2nd SRS resource sets respectively in STxMP mode.)

In Table 1 above, the SRI field length for STxMP mode and sTRP mode are compared for various maximum number of layers and number of SRS resources configurations. It can be observed that for many configurations, using only one SRI field in single-TRP mode is not enough. 
For example, when , or , , either the length of the 1st or 2nd SRI field is not enough for a sTRP mode with 4 SRS resources, which needs 4 bits for the SRI field. 
When , , either the length of the 1st or 2nd SRI field is not enough for a sTRP mode with 3 SRS resources, which needs 3 bits for the SRI field. 
When , , either the length of the 1st or 2nd SRI field is not enough for a sTRP mode with 2 SRS resources, which needs 2 bits for the SRI field.  But using both the 1st SRI field and the 2nd SRI field to indicate the single SRI for single-TRP mode will not have this issue.
[bookmark: _Ref124969128]Table 2. TPMI field length comparison 
	Configurations
	Length of TPMI field for
codebookSubset =
(FullyAnd…, PartialAnd…, NonCoherent)
	Reference in TS38.212

	4 antenna ports, 
DFTsOFDM (or CP-OFDM, maxRank = 1), 
ul-FullPowerTransmission= absent/fullpowerMode2/(or fullpower)
	[28, 12, 4] codepoints
(5, 4, 2) bits
	Table 7.3.1.1.2-3
(1st and 2nd TPMI)

	4 antenna ports, 
CP-OFDM, maxRank = 2/3/4,     
ul-FullPowerTransmission= absent/fullpowerMode2/fullpower
	[62, 32, 12] codepoints
(6, 5, 4) bits
	Table 7.3.1.1.2-2 (1st TPMI)

	4 antenna ports, 
DFTsOFDM (or CP-OFDM, maxRank = 1),     
ul-FullPowerTransmission= fullpowerMode1
	[NA, 16, 5] codepoints
(NA, 4, 3) bits
	Table 7.3.1.1.2-3A (1st and 2nd TPMI)

	4 antenna ports, 
CP-OFDM, maxRank = 2,     
ul-FullPowerTransmission= fullpowerMode1
	[NA, 30, 12] codepoints
(NA, 5, 4) bits
	Table 7.3.1.1.2-2A (1st TPMI)


	4 antenna ports, 
CP-OFDM, maxRank = 3/4,     
ul-FullPowerTransmission= fullpowerMode1
	[NA, 36, 15] codepoints
(NA, 6, 4) bits
	Table 7.3.1.1.2-2B (1st TPMI)


	2 antenna ports, 
DFTsOFDM (or CP-OFDM, maxRank = 1),     
ul-FullPowerTransmission= absent/fullpowerMode2/fullpower
	[6, NA, 2] codepoints
(3, NA, 1) bits
	Table 7.3.1.1.2-5 (1st and 2nd TPMI)

	2 antenna ports, 
CP-OFDM, maxRank = 2,     
ul-FullPowerTransmission= absent/fullpowerMode2/fullpower
	[9, NA, 3] codepoints
(4, NA, 2) bits
	Table 7.3.1.1.2-4 (1st TPMI)

	2 antenna ports, 
DFTsOFDM (or CP-OFDM, maxRank = 1),     
ul-FullPowerTransmission= fullpowerMode1
	[NA, NA, 3] codepoints
(NA, NA, 2) bits
	Table 7.3.1.1.2-5A (1st and 2nd TPMI)

	2 antenna ports, 
CP-OFDM, maxRank = 2,     
ul-FullPowerTransmission= fullpowerMode1
	[NA, NA, 4] codepoints
(NA, NA, 2) bits
	Table 7.3.1.1.2-4A (1st TPMI)



Similar to what has been observed in SRI field design, Table 2 shows that if only one TPMI field is used for TPMI indication in single-TRP mode, either the 1st or 2nd TPMI field may not have the enough bits. For example, as shown in the first 2 rows in green in the table, if ‘maxRank1’ = ‘maxRank2’ = 1, ‘maxRank’=2/3/4, ‘fullpowerMode2’ is configured, ‘codebookSubset = fullyAndPartialAndNonCoherent’, and there are 4 antenna ports in both panels, when switching from layer combination {1+1} to single-TRP mode with rank-2 transmission, 6 bits are needed for single-TRP TPMI indication. However, each TPMI field only has 5 bits. On the other hand, the total number of bits is 5+5=10, which is enough for the single-TRP mode TPMI indication with rank 2 and more. 
(Notes: For the convenience of comparison, ‘maxRank1’ and ‘maxRank2’ represent the configured maximal ranks applied to the 1st and 2nd SRS resource set respectively in STxMP mode, and ‘maxRank’ is the configured maximal rank applied to single-TRP mode.)
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Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0

Value DMRS port
0 1% scheduled DMRS port
1 2" scheduled DMRS port
2 3" scheduled DMRS port
3 4" scheduled DMRS port
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