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In 3GPP RAN#94-e meeting, a new work item on MIMO evolution for downlink and uplink has been approved in [1]. As shown in below, the enhancement on simultaneous UL transmission across multi-panel to MTRP operation is one of the objectives for this WI:
	6. 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.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


In this contribution, we present our views on UL precoding indication for multi-panel transmission in Rel-18.
Single DCI based STxMP SDM PUSCH
Maximum number of layers for SDM vs sTRP
Regarding the configured maximum number of layers for SDM scheme and sTRP operation, the following working assumption was reached in RAN1#112 meeting [2].
	Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels


In the last meeting, it has reached out a consensus that the maximum number of layers per panel should be the same, hence it was agreed to configure one single maximum number of layers and shared it to the first and/or second SRS resource sets when SDM scheme or sTRP operation. In addition, it needs to figure out whether/how to enable the total number of used PUSCH ports is the same between SDM scheme and sTRP operation. As per the working assumption above, this issue is actually related to the architecture of MP-UE implementation, which includes the shared and separate digital ports among panels. 
Consequently, the following Figure 1 was provided in the moderator summary in the last meeting (with some additional details) to depict the preliminary assumptions of the MP-UE implementation [3], where the maximum number of layers is equivalent to the number of digital ports that is two per panel due to the agreed maximum layer combination {2+2} of single DCI based STxMP PUSCH in SDM scheme. Furthermore,
· For the architecture shown on the left in Figure 1, it assumes that each of digital ports can be mapped to up to two antenna ports. Therefore, it means 4 partial-coherent antenna ports allocated in each panel and then the indicated precoder of each panel is one of TPMIs 0-13. 
· By comparison, the architecture shown on the right in Figure 1 assumes that each of digital ports can be mapped to only one antenna port, hence its assumption is that 4 non-coherent antenna ports allocated in each panel and then the indicated precoder per panel is one of TPMIs 0-5. 
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Figure 1	Preliminary assumptions of the MP-UE implementation when single DCI based STxMP PUSCH in SDM scheme
Intuitively, the assumption of these two architectures (as shown in Figure 1 above) is uncompleted because the coherency of antenna ports is hereby neglected, but this should be taken into account when it comes to the discussion of the total number of “the used PUSCH antenna ports”. More precisely, according to the current precoders/TPMIs of 4 antenna ports based PUSCH transmission as specified in TS 38.211, each transmission layer (a.k.a digital port herein) can be respectively mapped to up to 4 antenna ports when full-coherency, up to 2 antenna ports when partial-coherency and up to 1 antenna port when non-coherency.
Moreover, Figure 2 illustrates the case of 4 full-coherent antenna ports per panel in SDM scheme (where the indicated precoder per panel is one of TPMIs 0-21), and Figure 3 shows the corresponding dynamic switching between SDM and sTRP under the MP-UE architecture with shared digital ports among panels. It can be seen that 8 PUSCH antenna ports in total can be used when SDM scheme but up to 4 PUSCH antenna ports can be used when it switches to sTRP operation. Nevertheless, the total number of “the used PUSCH antenna ports” between SDM and sTRP can be the same or different in such case due to it indeed depends on the indicated precoder/TPMI per panel. 
· 


For an instance, when TPMI 1 =  plus TPMI 2 =  are indicated in SDM scheme, and TPMI 1 or TPMI 2 =  is indicated in sTRP operation, it is different because the total number of “the used PUSCH antenna ports” in SDM scheme is 8 (calculated by 4+4 from two panels) but that of sTRP operation is 4. 
· 


For another instance, when TPMI 1 =  plus TPMI 2 =  are indicated in SDM scheme, and TPMI 1 or TPMI 2  =  is indicated in sTRP operation, it is the same because the total number of “the used PUSCH antenna ports” when SDM scheme is 4 (derived from 2+2 from two panels) and that of sTRP operation is 4.
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Figure 2	MP-UE implementation enabled by 4 full-coherent antenna ports per panel when single DCI based STxMP PUSCH in SDM scheme
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Figure 3	Dynamic switching between SDM and sTRP in case of MP-UE enabled with shared digital ports among panels
Additionally, Figure 4 shows the case of MP-UE with separate digital ports among panels. Similarly, the total number of “the used PUSCH antenna ports” between SDM and sTRP can still be the same or different in this case due to it also depends on the indicated precoder/TPMI per panel. 
· 


For an example, when TPMI 1 =  plus TPMI 2 =  are indicated in SDM scheme, and TPMI 1 or TPMI 2 =  is indicated in sTRP operation, it is different because the total number of “the used PUSCH antenna ports” when SDM scheme is 8 (calculated by 4+4 from two panels) but that of sTRP operation is 4. 
· 


For another example, when TPMI 1 =  plus TPMI 2 =  are indicated in SDM scheme, and TPMI 1 or TPMI 2  =  is indicated in sTRP operation, it is the same because the total number of “the used PUSCH antenna ports” when SDM scheme is 4 (calculated by 2+2 from two panels) and that of sTRP operation is 4.
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Figure 4	Dynamic switching between SDM and sTRP in case of MP-UE enabled with separate digital ports among panels
In light of the elaboration above, it can be figured out that the total number of “the used PUSCH antenna ports” between SDM scheme and sTRP operation can be the same or different, no matter digital ports are shared or separate among panels. More accurately, it is directly relevant to the indicated TPMI/precoders under the capability of the panel (i.e. maximum number of layers, the number of antenna ports, the coherency of antenna ports, etc). To avoid any ambiguities, it is proper to capture this understanding for confirming the working assumption.
Observation 1: The total number of used PUSCH antenna ports between SDM and sTRP can be the same or different, which is irrelevant to the digital ports among panels are shared or separate.
Proposal 1: Support to confirm the working assumption on the maximum number of layers for SDM vs sTRP in RAN1#112 with the following modification:
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/how to enable that tThe total number of used PUSCH antenna ports for the SDM and sTRP is can be the same or different. 
· Note: This corresponds to the case that digital ports are shared between the panels.
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels.
SRS resource set configuration
Regarding the configuration of SRS resource set, the following agreement was endorsed in RAN1#110b-e meeting [3].
	Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB. 
· FFS: These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH, DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH, DCI indicates two SRI fields and each field indicates SRS resource(s) for each SRS resource set separately. 
· FFS: For codebook -based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of SRS ports


Basically, the configuration of SRS resource set should be separately determined for CB PUSCH and NCB PUSCH due to the distinct structures between these two schemes. In details, this configuration for CB PUSCH includes the number of SRS resources configured in SRS resource set and the number of SRS ports for an SRS resource. For NCB PUSCH, this configuration just includes the number of SRS resources configured in SRS resource set.
On the other hand, the discrepancy between the two SRS resource sets configuration depends on whether to limit SDM scheme to symmetric panels only in Rel-18. Before rushing into this decision, the definition of “symmetric and asymmetric” panel should be clarified first. In Figure 5, the left one illustrates the MP-UE with symmetric antenna ports but asymmetric digital ports among two panels, which has already precluded in Rel-18 in accordance to the working assumption on the maximum number of layers for SDM and sTRP as reached in the last meeting. The right one in Figure 5 illustrates the MP-UE with asymmetric antenna ports but symmetric digital ports between two panels, this is still pending due to it is directly relevant to the discrepancy of configuration between two SRS resource sets. Given that the target MP-UE includes a variety of types (i.e. CPE, FWA, vehicle or industrial devices as stated in WID), it is feasible and also practical to implement symmetric and asymmetric panels with regards to the number of antenna ports per panel in Rel-18.
Observation 2: Both symmetric and asymmetric panels with regards to the number of antenna ports per panel should be supported for single DCI based STxMP SDM PUSCH in Rel-18.
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Figure 5	The “symmetric and asymmetric” antenna ports or digital ports between panels w.r.t. the hetero-type of MP-UE implementation
Subsequently, the configuration of two SRS resource sets should take the symmetric and asymmetric panels of antenna port number into account for CB PUSCH and NCB PUSCH. That is,
· For CB PUSCH in STxMP SDM scheme, the number of SRS resources should be the same between two SRS resource sets, which can be configured to 1 or 2 as the legacy. Instead, if full power mode per panel can be enabled, then the number of SRS resources can be different between two SRS resource sets, e.g., 4 SRS resources configured in the first SRS resource set (w/ full power mode 2) and 2 SRS resources configured in the second SRS resource set (w/o full power mode 2). This can be further determined in the discussion of AI 9.1.1.1 in terms of power control related enhancement for STxMP PUSCH transmission. If so, it is natural to support that the number of SRS ports indicated from two SRS resource sets can be the same or different, and which can be configured to 1, 2 or 4 as legacy.
· For NCB PUSCH in SDM STxMP scheme, the first and second SRS resource sets can be configured with different number of SRS resources, and the number of SRS resources configured in an SRS resource set can be configured to 1, 2 or 4 as legacy.
Proposal 2: Regarding the configuration of two SRS resource sets for single-DCI based STxMP SDM PUSCH, support that:
· For CB PUSCH, 
· The number of SRS resources configured in two SRS resource sets should be the same if full power mode 2 per panel is not enabled, which can be configured to 1 or 2 as the legacy.
· FFS: The case of full power mode 2 per panel is enabled.
· The two SRS resources indicated by the DCI for SDM scheme can have the same or different number of ports, which can be configured to 1, 2 or 4 as the legacy.
· For NCB PUSCH,
· The number of SRS resources configured in two SRS resource sets can be the same or different, which can be configured to 1, 2 or 4 as the legacy.
SRS resource set indicator for dynamic switching between SDM and sTRP
Regarding the usage of the first and second TPMI/SRI fields when considering dynamic switching between SDM and sTRP, the following agreements were endorsed in RAN1#110b-e meeting [3] and RAN1#111 meeting [4]. One remaining issue is how to interpret each codepoint of SRS resource set indicator field.
	Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB. 
· FFS: These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH, DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH, DCI indicates two SRI fields and each field indicates SRS resource(s) for each SRS resource set separately. 
FFS: For codebook -based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of SRS ports

Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS:  To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.


Overall, SRS resource set indicator introduced in Rel-17 MTRP PUSCH in TDM scheme is used to indicate the association between TPMI/SRI field and SRS resource set for PUSCH transmission from the perspective of specification. Where, both the first and second TPMI/SRI fields are used then associated with the first and second SRS resource sets respectively when MTRP TDM scheme (for TRP1-TRP2 order or TRP2-TRP1 order), but just the first TPMI/SRI field is used and associated with the first or second SRS resource set when STRP scheme (for TRP1 or TRP2 only). When it comes to Rel-18 single DCI based STxMP SDM PUSCH, symmetric and asymmetric panel capability in terms of two SRS resource sets should be taken into consideration additionally. 
Given that the different usage of TPMI/SRI field in CB scheme and NCB scheme, it is proper to make clear first which parameter of TPMI/SRI field determination should be panel specific.
· On the determination of TPMI field for CB scheme, it basically depends on the RRC configured parameters that maxRank, nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission. Owing to the asymmetric panel capability of the MP-UE architecture, each of these RRC configured parameters except maxRank (as per the working assumption in the last meeting) can be configured with different values of PUSCH associated with the first and second SRS resource sets. In other words, it is needed to introduce the individual parameters of nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission for the PUSCH associated with each SRS resource set.
· On the determination of SRI field for CB scheme, it just depends on the number of SRS resources configured in SRS resource set, which should be the same if full power Mode 2 per panel is not enabled as discussed in section 2.2.
· On the determination of SRI field for NCB PUSCH, it depends on the RRC configured parameters NSRS and Lmax. The parameter NSRS (a.k.a the number of SRS resources configured in SRS resource set) has already been discussed in section 2.2 that it can be configured with the same or different values for the first and second SRS resource sets especially for MP-UE with asymmetric panels. The parameter Lmax is the same between the first and second SRS resource sets as per the working assumption in the last meeting.
Proposal 3: For single DCI based STxMP SDM PUSCH, support that:
· On the determination of TPMI field for CB scheme, RRC configured parameters that nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission can be configured with the same or different values of PUSCH associated with the first and second SRS resource sets.
· On the determination of SRI field for NCB scheme, RRC configured parameter NSRS can be configured with the same or different values of PUSCH associated with the first and second SRS resource sets.
Regarding codepoint “00” and codepoint “01” of SRS resource set indicator, three alternatives were raised by companies in FL’s summary in the last meeting as follows.
	Proposal 1-1b: The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted 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 DCI field interpretation, down-select one from the following Alts:
· Alt-a1: For CB PUSCH, the 1st TPMI field indicates the precoding/rank and the 1st SRI field indicates the SRS resource. For NCB, the 1st SRI field indicates the precoding/rank. FFS: 2nd TPMI/SRI field are reserved/unused or absent.
· Alt-a2: For CB PUSCH, concatenating the 1st and 2nd TPMI fields indicates the precoding/rank and the 1st SRI field indicates the SRS resource. For NCB, concatenating the 1st and 2nd SRI fields indicates the precoding/rank.
· Alt-a3:
· When codepoint is 00: for CB PUSCH, the 1st TPMI field indicates the precoding/rank and the 1st SRI field indicates the SRS resource. For NCB, the 1st SRI field indicates the precoding/rank. 
· When codepoint is 01: for CB PUSCH, the 2nd TPMI field indicates the precoding/rank and the 2nd SRI field indicates the SRS resource. For NCB, the 2nd SRI field indicates the precoding/rank.
· The other TPMI/SRI fields are unused.


On Alt-a1, it can be noted that the bitsize of the first and second TPMI/SRI field is equalized when symmetric panel capability. For the case of asymmetric panel capability, the bitsize of the first TPMI/field will be determined by the SRS resource set (the first or second SRS resource set) configured with comprehensively higher values between that of nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission. However, it will be misaligned to the case of SDM scheme where the first TPMI/SRI field is associated to the first SRS resource set and the second TPMI/SRI field is associated to the second SRS resource set, respectively. Besides, the sum of bitsize of the first and second TPMI/SRI fields is the same to that of Alt-a3 because the unused TPMI/SRI needs to be reserved anyways for SDM scheme.
On Alt-a2, it mainly aims for overhead saving of the first and second TPMI/SRI fields as some companies mentioned in the last meeting. However, it should be noticed that just in very rare cases the TPMI/SRI field size of STRP operation will be at most 1 bit more than that of SDM scheme according to the TPMI indication tables in TS 38.212. For an example, when “4-Tx + full coherent”, the bitsize of maxRank=2 is equivalent to that of maxRank=3 or 4, due to the number of TPMIs in case of rank=3 or 4 is relatively few when compared to rank=1 or 2. Therefore, it is intuitive that the increased overhead of TPMI field is just corner case.
On Alt-a3, it is the most simple and straightforward way to utilize SRS resource set indicator for the dynamic switching between SDM and sTRP. Where the first and second TPMI/SRI fields are respectively associated with and used for the first and second SRS resource sets, no matter the case of SDM or sTRP. In addition, it can also be very clear for both symmetric panel capability and asymmetric panel capability.
In the light of the above elaborations, it is proper to support Alt-a3 with regards to the interpretation of SRS resource set indicator for dynamic switching between SDM and sTRP in Rel-18.
Proposal 4: Support to interpret the codepoints of “SRS resource set indicator” in DCI for dynamic switching between SDM and sTRP as follows:
· The codepoints “00” and “01” indicate sTRP transmission, where the codepoint “00” indicates the first SRS resource set and codepoint “01” indicates the second SRS resource set. Regarding DCI field interpretation:
· Codepoint “00”: For CB PUSCH, the 1st TPMI field indicates the precoding/rank and the 1st SRI field indicates the SRS resource. For NCB, the 1st SRI field indicates the precoding/rank. 
· Codepoint “01”: For CB PUSCH, the 2nd TPMI field indicates the precoding/rank and the 2nd SRI field indicates the SRS resource. For NCB, the 2nd SRI field indicates the precoding/rank.
· The other TPMI/SRI field is reserved/unused in case of codepoint “00” or codepoint “01”.
· Codepoint “10” indicates SDM transmission with the first and second SRS resource sets. Regarding DCI field interpretation:
· For both symmetric and asymmetric panel capability in Rel-18,
· The 1st TPMI/SRI fields indicate the precoding/rank/SRI for the first SRS resource set and the 2nd TPMI/SRI fields indicate the precoding/rank/SRI for the second SRS resource set.
· Codepoint “11” is reserved/unused.
The maximum number of PTRS ports
Regarding the maximum number of PTRS ports configured for STxMP SDM PUSCH, the following agreement was endorsed in RAN1#112 meeting [2].
	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.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission


One leftover issue is whether to additionally configure the maximum number of PTRS ports for STxMP SDM PUSCH. In other words, it is to further determine the maximum number of PTRS ports can be different between SDM and sTRP if deemed necessary. Given that the sTRP operation is dynamically switched from SDM scheme, the maximum number of PTRS ports configured for sTRP operation should be on top of that of SDM scheme, which also means the panel used in sTRP should be in scope of the two panels for SDM scheme.
Observation 3: The necessity of configuring an additional maximum number of PTRS ports for SDM scheme is agnostic.
Single DCI based STxMP SFN PUSCH
SRS resource set configuration
Regarding the configuration of PUSCH transmission in single DCI based SFN STxMP scheme, the following agreements were endorsed in RAN1#111 meeting [4] and RAN1#112 meeting [2].
	Agreement
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH)
Agreement
· Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
· (Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme

Agreement
On dynamic switching between STxMP SFN scheme and sTRP transmission:
· The legacy maxRank/Lmax is applied to sTRP transmission
· For configuration of SFN,
· Alt2: Configure a separate parameter for the maximal number of layers for STxMP SFN


In SFN STxMP scheme, all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously. By instinct, Rel-18 SFN STxMP scheme is quite similar to Rel-17 MTRP TDM PUSCH repetition. For the common part of these two schemes, two PUSCH repetitions are transmitted with the same DMRS ports, the same number of transmission layers, but two independent precoders/beams. For the different part, two PUSCH repetitions are transmitted simultaneously when SFN STxMP scheme but in different occasions when TDM scheme. Therefore, the configuration of two SRS resource sets for SDM scheme can be the same to that of TDM scheme in principle.
Besides, the number of SRS ports for SRS resources configured in different SRS resource sets when CB scheme and the number of SRS resources configured in different SRS resource sets when NCB scheme (which is related to the number of antenna ports allocated in each panel) can be different, due to the possibility of asymmetric panel capability for multi-panel UE implementation as discussed in section 2.1 and section 2.2.
Proposal 5: Regarding the configuration of two SRS resource sets for single-DCI based STxMP SFN PUSCH, support that:
· For CB PUSCH, 
· The number of SRS resources configured in two SRS resource sets should be the same if full power mode 2 per panel is not enabled, which can be configured to 1 or 2 as the legacy.
· FFS: The case of full power mode 2 per panel is enabled.
· The two SRS resources indicated by the DCI for SDM scheme can have the same or different number of ports, which can be configured to 1, 2 or 4 as the legacy.
· For NCB PUSCH,
· The number of SRS resources configured in two SRS resource sets can be the same or different, which can be configured to 1, 2 or 4 as the legacy.
Especially, the value of maxRank should be further clarified. As stated in WID that “The total number of layers is up to four across all panels”, then up to 2-layer PUSCH can be transmitted from each panel when SFN STxMP scheme. One issue is how to determine the value of maxRank in this case, e.g., maxRank=2 or 4. Note that two PUSCH repetitions with totally the same content are transmitted in SFN scheme and the definition of maxRank is for PUSCH transmission itself, it should be maxRank=2 for the example above. In conclusion, the maxRank of SFN STxMP PUSCH can be configured as 1 or 2 on top of the layer combinations {1+1} and {2+2}.
Observation 4: The value of maxRank in SFN STxMP PUSCH scheme should be configured as 1 or 2.
DMRS port indication
It should be clarified that the number of DMRS ports for single DCI based SFN STxMP PUSCH can be 1 or 2, because all of the same layers/DMRS ports of one PUSCH are transmitted. It is somehow equivalent to the maximum number of transmission layers. Consequently, the leftover issue is whether to support allocating the indicated two DMRS ports in the same or different CDM groups. Basically, it is relative to Tx-chain/capability and the synchronization assumption of DMRS ports across two panels. If DMRS ports across two panels can be ideally synchronized, the demodulation of DMRS will not be impacted by the interference across different layers even in case of the same CDM group. If the ideal synchronization of DMRS ports across two panels cannot be guaranteed due to the Tx-chain/ panel architecture, the reception quality of DMRS will be degraded by the interference, hence DMRS ports of two panels should be allocated in different CDM groups. In terms of the target types of MP-UE (e.g., CPE/FWA/vehicle/industrial devices), both the same CDM group and the different CDM groups should be supported for DMRS ports allocation for the sake of the diversity of MP-UE types.
Proposal 6: For single DCI based SFN STxMP PUSCH scheme, support that DMRS ports associated with two TPMI/SRI fields can be in the same or different CDM groups.
Regarding the DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be completely used. Accordingly, no new entry is needed to be introduced.
Observation 5: For DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be reused.
PTRS-DMRS association indication
Note that the number of DMRS ports is 1 or 2 when single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, where 1 PTRS port is associated with 1 out of 2 DMRS ports. Accordingly, Table 7.3.1.1.2-25 in the TS 38.212 can be used in this case. For other cases, it can be derived from the configuration in RRC signaling.
Observation 6: For PTRS-DMRS port association indication of single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, and the Table 7.3.1.1.2-25 in the TS 38.212 can be reused in this case.
Multi-DCI based STxMP PUSCH+PUSCH transmission
Configuration of STxMP PUSCH+PUSCH
For multi-DCI based STxMP PUSCH+PUSCH transmission, two agreements were endorsed in RAN1#110b-e meeting [3].
	Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.
Agreement
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate coresetPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH


Regarding the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions scheme, to avoid any ambiguity, it should be distinct as the indicated number and the configured number. Then:
· For the indicated number of PUSCH layers, note that up to four layers across two panels can be transmitted, the layer combinations include {1+1, 1+2, 2+1, 2+2, 1+3, 3+1} in principle. However, given that non-ideal backhaul assumption of MDCI based MTRP operation, the cases of layer combination {1+3} and {3+1} may lead to the maximum layers across two panels being overloaded. For example, it is possible in non-ideal backhaul scenario that 3-layer PUSCH 1 is scheduled by DCI 1 and 2/3-layer PUSCH 2 is scheduled by DCI 2 in this case, which means the number of PUSCH layers across two panels in total surpass 4, which deviates from the WID statement. To avoid this issue, it is beneficial to limit that the number of layers of each of the two STxMP PUSCHs is up to 2.
· For the configured maximum number of PUSCH layers, it should be the same as the legacy that can be up to 4, due to the dynamic switching between Rel-18 STxMP PUSCH+PUSCH and the legacy non-STxMP PUSCH should be taken into consideration. Wherein, up to 4-layer PUSCH can be transmitted in both MDCI based MTRP PUSCH TDM scheme and STRP PUSCH scheme. Otherwise, the gNB has to reconfigure the RRC parameter, which may negatively impact the scheduling flexibility and also cause unnecessary latency increasing. 
Proposal 7: For the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions, support that the indicated number of layers of each PUSCH is up to 2, and the configured maximum number of layers of each PUSCH is up to 4 (which can be separately configured for each SRS resource set).
Regarding the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmission, basically, it is related to the distinct panel capability and also the independent transmission of each PUSCH that scheduled by each DCI from each TRP. Therefore, each transmission parameter can be configured/indicated respectively between two SRS resource sets for both CB PUSCH and NCB PUSCH. E.g., the number of SRS resources in an SRS resource set, the number of SRS ports, maxRank, nrofSRS-Ports, codebookSubset, fullpowerMode, etc.
Proposal 8: For the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmissions, support to configure and indicate individual transmission parameters (e.g., the number of SRS resources in an SRS resource set, the number of SRS ports, maxRank, nrofSRS-Ports, codebookSubset, fullpowerMode) of each PUSCH. 
UCI multiplexing in case of STxMP PUSCH+PUSCH
Regarding UCI multiplexing in case that PUCCH overlaps with STxMP PUSCH + PUSCH, one agreement was endorsed in RAN1#112 meeting [2].
	Agreement
For multi-DCI based STxMP PUSCH+PUSCH, study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH:


In Rel-15, PUCCH is the basis for transmission of uplink control. In principle, the UCI could be transmitted on the PUCCH regardless of whether the UE is transmitting data on the PUSCH. However, especially if the uplink resources for the PUSCH and the PUCCH are on the same carrier (or, to be more precise, use the same power amplifier) but widely separated in the frequency domain, the UE may need a relatively large power back-off to fulfill the spectral emission requirements with a corresponding impact on the uplink coverage. Hence, NR supports UCI on PUSCH as the basic way of handling simultaneous transmission of data and control. Consequently, if the UE is transmitting on the PUSCH, UCI is multiplexed with data on the granted resources instead of being transmitted on the PUCCH.
In Rel-18, it is possible that PUCCH is overlapped with MDCI based STxMP PUSCH + PUSCH as discussed in the last meeting. Besides, it is worth noting that simultaneous PUSCH and PUCCH is not part of Rel-18 so far as the legacy. One reason is the increased cubic metric compared to UCI on PUSCH when using DFT-precoded OFDM. Another reason is the more challenging RF implementation if out-of-band emission requirements should be met at higher transmission powers and with PUSCH and PUCCH widely separate in the frequency domain. Hence, UCI on PUSCH is the main mechanism for simultaneous transmission of UCI and uplink data. The same principles are used for both OFDM and DFT-precoded OFDM in the uplink. 
In light of the above elaboration, UCI should be multiplexed in PUSCH when PUCCH is overlapped with MDCI based STxMP PUSCH + PUSCH in Rel-18, where the PUSCH is associated with the same CORESETPoolIndex with the overlapped PUCCH in time domain.
Proposal 9: Regarding UCI multiplexing in case that PUCCH overlaps with MDCI based STxMP PUSCH + PUSCH, the legacy rule of UCI multiplexing is applied per TRP, i.e. UCI in PUCCH is multiplexed to the PUSCH which is associated with the same CORESETPoolIndex value as the PUCCH.
Conclusion
In this contribution, we provide our views on simultaneous UL transmission across multi-panel to MTRP in Rel-18. We have the following observations and proposals:
Observation 1: The total number of used PUSCH antenna ports between SDM and sTRP can be the same or different, which is irrelevant to the digital ports among panels are shared or separate.
Observation 2: Both symmetric and asymmetric panels with regards to the number of antenna ports per panel should be supported for single DCI based STxMP SDM PUSCH in Rel-18.
Observation 3: The necessity of configuring an additional maximum number of PTRS ports for SDM scheme is agnostic.
Observation 4: The value of maxRank in SFN STxMP PUSCH scheme should be configured as 1 or 2.
Observation 5: For DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be reused.
Observation 6: For PTRS-DMRS port association indication of single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, and the Table 7.3.1.1.2-25 in the TS 38.212 can be reused in this case.
Proposal 1: Support to confirm the working assumption on the maximum number of layers for SDM vs sTRP in RAN1#112 with the following modification:
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/how to enable that tThe total number of used PUSCH antenna ports for the SDM and sTRP is can be the same or different. 
· Note: This corresponds to the case that digital ports are shared between the panels.
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels.
Proposal 2: Regarding the configuration of two SRS resource sets for single-DCI based STxMP SDM PUSCH, support that:
· For CB PUSCH, 
· The number of SRS resources configured in two SRS resource sets should be the same if full power mode 2 per panel is not enabled, which can be configured to 1 or 2 as the legacy.
· FFS: The case of full power mode 2 per panel is enabled.
· The two SRS resources indicated by the DCI for SDM scheme can have the same or different number of ports, which can be configured to 1, 2 or 4 as the legacy.
· For NCB PUSCH,
· The number of SRS resources configured in two SRS resource sets can be the same or different, which can be configured to 1, 2 or 4 as the legacy.
Proposal 3: For single DCI based STxMP SDM PUSCH, support that:
· On the determination of TPMI field for CB scheme, RRC configured parameters that nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission can be configured with the same or different values of PUSCH associated with the first and second SRS resource sets.
· On the determination of SRI field for NCB scheme, RRC configured parameter NSRS can be configured with the same or different values of PUSCH associated with the first and second SRS resource sets.
Proposal 4: Support to interpret the codepoints of “SRS resource set indicator” in DCI for dynamic switching between SDM and sTRP as follows:
· The codepoints “00” and “01” indicate sTRP transmission, where the codepoint “00” indicates the first SRS resource set and codepoint “01” indicates the second SRS resource set. Regarding DCI field interpretation:
· Codepoint “00”: For CB PUSCH, the 1st TPMI field indicates the precoding/rank and the 1st SRI field indicates the SRS resource. For NCB, the 1st SRI field indicates the precoding/rank. 
· Codepoint “01”: For CB PUSCH, the 2nd TPMI field indicates the precoding/rank and the 2nd SRI field indicates the SRS resource. For NCB, the 2nd SRI field indicates the precoding/rank.
· The other TPMI/SRI field is reserved/unused in case of codepoint “00” or codepoint “01”.
· Codepoint “10” indicates SDM transmission with the first and second SRS resource sets. Regarding DCI field interpretation:
· For both symmetric and asymmetric panel capability in Rel-18,
· The 1st TPMI/SRI fields indicate the precoding/rank/SRI for the first SRS resource set and the 2nd TPMI/SRI fields indicate the precoding/rank/SRI for the second SRS resource set.
· Codepoint “11” is reserved/unused.
Proposal 5: Regarding the configuration of two SRS resource sets for single-DCI based STxMP SFN PUSCH, support that:
· For CB PUSCH, 
· The number of SRS resources configured in two SRS resource sets should be the same if full power mode 2 per panel is not enabled, which can be configured to 1 or 2 as the legacy.
· FFS: The case of full power mode 2 per panel is enabled.
· The two SRS resources indicated by the DCI for SDM scheme can have the same or different number of ports, which can be configured to 1, 2 or 4 as the legacy.
· For NCB PUSCH,
· The number of SRS resources configured in two SRS resource sets can be the same or different, which can be configured to 1, 2 or 4 as the legacy.
Proposal 6: For single DCI based SFN STxMP PUSCH scheme, support that DMRS ports associated with two TPMI/SRI fields can be in the same or different CDM groups.
Proposal 7: For the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions, support that the indicated number of layers of each PUSCH is up to 2, and the configured maximum number of layers of each PUSCH is up to 4 (which can be separately configured for each SRS resource set).
Proposal 8: For the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmissions, support to configure and indicate individual transmission parameters (e.g., the number of SRS resources in an SRS resource set, the number of SRS ports, maxRank, nrofSRS-Ports, codebookSubset, fullpowerMode) of each PUSCH. 
Proposal 9: Regarding UCI multiplexing in case that PUCCH overlaps with MDCI based STxMP PUSCH + PUSCH, the legacy rule of UCI multiplexing is applied per TRP, i.e. UCI in PUCCH is multiplexed to the PUSCH which is associated with the same CORESETPoolIndex value as the PUCCH.
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