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Introduction
The Rel.18 WID [1] includes the following objectives regarding the uplink precoding indication for STxMP (simultaneous transmission with multi-panel).
	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.



This contribution provides Samsung’s view regarding the UL precoding indication for STxMP. 

Potential enhancement
1.1 Study on SRI/TPMI indication for sDCI based SDM STx2P

For the codepoints of SRS resource set indicator to support dynamic switching between sDCI based STxMP SDM and sTRP transmission, the following was agreed [5]:
	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.




For SRI/TPMI field design, we need to consider followings:
· The number of SRS resources in each SRS resource set 
· Associated with SRI field design for both CB and NCB
· The maximum number of SRS ports among all configured SRS resources
· Associated with TPMI field design for CB
· maxRank (or Lmax) for both sTRP and SDM 
· maxRank is associated with TPMI field design for CB
· Lmax is associated with SRI field design for NCB
· Coherence capabilities 
· Associated with TPMI field design for CB
In addition, we should consider dynamic switching between sTRP and SDM STx2P. Based on those configuration and schemes, we can consider following approaches:
· 1) First SRI/TPMI field which is can be used for sTRP and SDM that is associated with the first SRS resource set + second SRI/TPMI field which can be used for SDM that is associated with the second SRS resource set as shown is Figure 1.
· Bitwidth of first SRI/TPMI field is determined as maximum of {bitwidth of SRI/TPMI field for sTRP transmission (considering maxRank (or Lmax) and  coherence capability), bitwidth of SRI/TPMI field for SDM with the first SRS resource set (considering new maxRank for the first SRS resource set (or new Lmax) and coherence capability related to the first SRS resource set)} 
· Bitwidth of second SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the second SRS resource set (considering new maxRank for the second SRS resource set (or new Lmax) and coherence capability related to the second SRS resource set)
· 2) First SRI/TPMI field which is can be used for SDM that is associated with the first SRS resource set + second SRI/TPMI field which can be used for SDM that is associated with the second SRS resource set  (+ padded zero if needed) as depicted in Figure 2.
· Bitwidth of first SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the first SRS resource set (considering new maxRank for the first SRS resource set (or new Lmax) and coherence capability related to the first SRS resource set)
· Bitwidth of second SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the second SRS resource set (considering new maxRank for the second SRS resource set (or new Lmax) and coherence capability related to the second SRS resource set)
· Concatenated first and second SRI/TPMI field can be reinterpreted for sTRP transmission
· If concatenated first and second SRI/TPMI fields is smaller than SRI/TPMI field for sTRP (considering legacy maxRank (or Lmax) and coherence capability), zero is padded into the second SRI/TPMI field 
· If concatenated first and second SRI/TPMI fields is larger than SRI/TPMI field for sTRP, zero is padded into the SRI/TPMI field for sTRP
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Figure 1. Example of SRI/TPMI field considering the first approach
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Figure 2. Example of SRI/TPMI field considering the second approach
Comparing those two approaches, we can save the bit(s) for SRI/TPMI with the second approach. Therefore, we prefer to support to determine the first and second SRI/TPMI fields based on SDM transmission and the sum of first and second SRI/TPMI fields (if needed, zero(s) can be padded into the second SRI/TPMI field)
Proposal 1: Support to determine the first and second SRI/TPMI fields based on SDM transmission and reinterpret the concatenated first and second SRI/TPMI fields as SRI/TPMI field for sTRP transmission (if needed, zero(s) can be padded into the second SRI/TPMI field or SRI/TPMI field for sTRP transmission). (i.e. support Alt3)

1.2 Group based beam reporting for STx2P

In RAN1#112bis-e, the following on beam reporting for STx2P was agreed [5]:
	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




Alt1 is to reuse Rel-17 group-based beam reporting for both DL simultaneous reception and UL simultaneous transmission. With Alt1, the UE shall perform one CSI report including pair(s) of CRIs or SSBRIs and RSRP. The reported beam pair(s) can be utilized for activating/indicating TCI states to support both DL simultaneous reception and UL STxMP. However, Alt1 cannot guarantee that reported beam pair(s) is optimized to support both DL simultaneous reception and UL simultaneous transmission. Therefore, the performance degradation might happen with one group-based beam reporting based on Alt1.
As Alt2, Rel-17 group-based beam reporting is reused to report beam pair for UL simultaneous transmission. Based on Alt2, the UE can report feasible beam pair(s) to transmit uplink signals simultaneously with multi-panels. However, Alt2 requires two separate CSI reports for each DL simultaneous reception and UL STxMP, respectively. As a result, CSI feedback overhead could be increased. 
For Alt3, it is the enhanced group-based beam reporting to support both DL simultaneous reception and UL STxMP. With this Alt3, the UE will perform one CSI report including beam pairs. In addition to legacy CSI information for Rel-17 group based beam reporting, new indicator can be reported additionally to indicate that the beam pair is feasible for either DL simultaneous reception or UL STxMP (or both). Because of the new indicator, modifications CSI reporting for group based beam reporting could be required. Therefore, this alternative can need more specification impact rather than other alternatives.
Before determining the group based beam reporting method for UL STxMP, RAN1 should consider additional CSI overhead, specification impact and remaining RAN1 meeting schedule. Because only one additional RAN1 meeting is remained, we prefer to down-select the alternative with minimal specification impact, i.e. Alt1 or Alt2. In our perspective, even though same beam pair is used for both DL simultaneous reception and UL STxMP, the performance degradation could be marginal (especially, if beam correspondence is satisfied). Therefore, we prefer Alt1 to support group based beam reporting for Rel-18 STxMP. 
Proposal 2: Reuse Rel-17 group based beam reporting for both DL simultaneous reception and UL STxMP (Alt1)

1.3 Feasibility of indicated TCI states for STx2P

As mentioned in the previous subsection, the UE can report the possible beam pair(s) for UL STxMP by using enhanced group-based beam reporting. This means that the UE can transmit uplink signals simultaneously based on UL spatial filters determined from the reported pair of SRI or SSBRI in the same group. The gNB can activate the codepoint of TCI states considering the received group based beam reporting. To support STxMP, the gNB should indicate two TCI states that are associated with reference signals which are paired within the same group. If two indicated TCI states are feasible for STxMP, the UE can transmit scheduled STxMP uplink signals via multiple panels. On the other hand, if two indicated TCI states are not possible to support STxMP (e.g. the indexes of reference signals for QCL type D are not included in the same group of group based beam reporting), the UE cannot transmit uplink signals simultaneously. This case that the UE cannot support UL STxMP due to the indicated TCI states can occur according to the following events:
· Event1) The channels between TRPs and panels are changed because of the UE’s movement or rotation 
· Event2) The gNB decides to support mTRP UL scheme other than UL STxMP and updates one or two TCI states considering the current channel. Those updated two TCI states are not associated with beam pair(s) within a group of group based beam reporting
If the event1 occurs, the UE needs to report the updated CSI information toward the gNB. Between new group(s) based beam reporting and update of TCI states, the UE just follow previously indicated TCI states even though the beam pair via two TCI states are not feasible to support STxMP.
If the event2 occurs, the gNB determine to support other uplink transmission scheme instead of UL STxMP considering the current channel state (e.g. channel variation or co-scheduled other UEs etc.). Therefore, the gNB updates the TCI state(s) for the UE on purpose. On top of that, the gNB can avoid to schedule STxMP which includes dynamic grant PUSCH(s) (i.e.{DG-PUSCH + DG-PUSCH}, {CG-PUSCH + DG-PUSCH}). However, For RRC based STxMP with configured grant PUSCHs (CG-PUSCH + CG-PUSCH) as shown below [3], the gNB cannot avoid to schedule STxMP before re-configuring RRC parameters. 
	Agreement
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.

Agreement
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set 




Figure 3 represents the example of type 1 CG PUSCH STxMP considering indicated TCI states. CG PUSCH 1 and CG PUSCH 2 can be scheduled based on type 1 CG PUSCH and two CG PUSCHs can be overlapped according to configured RRC parameter ‘periodicity’ and configuration for time domain resource periodically. If two TCI states (e.g. TCI#1 and TCI#2) were indicated and applied and those two TCI states are feasible to support UL STxMP, the UE can transmit CG PUSCH 1 (associated with coresetPoolIndex0) and CG PUSCH 2 (associated with coresetPoolIndex1) simultaneously. However, the gNB can update TCI state by DCI associated with coresetPoolIndex1 after the UE transmit first CG PUSCH 1 and first CG PUSCH 2 in the figure and the updated TCI could be applied after BAT (beam application time). If the reference signals from updated two TCI states are not the beam pair within group(s) of group based beam reporting, the UE cannot transmit scheduled STxMP PUSCH properly after beam application. Without RRC reconfiguration, CG PUSCH 1 and CG PUSCH 2 could be scheduled and overlapped after applying new updated TCI states periodically. Then, the ambiguity of UE behavior can occur because the UE cannot transmit two CG PUSCHs simultaneously.
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Figure 3. Example of type 1 CG PUSCH STxMP

Similarly, if RRC parameters for sDCI based SFN scheme are configured for periodic PUCCH, the ambiguity of UE behavior could occur because the UE cannot transmit periodic PUCCH in SFN manner due to updated TCI states. 

Observation 1: Depending on the group based beam reporting and TCI state indication, the ambiguity of UE behavior can occur when RRC configured uplink signals are scheduled based on UL STxMP scheme.

To solve the feasibility problem by indicated TCI states, we can consider the priority rule between transmissions from two different panels if the UE cannot transmit uplink signals simultaneously. Depending on mDCI based scheme or sDCI based scheme, the different priority rule might be applied to determine the uplink transmission. For the mDCI based RRC configured STxMP scheme (e.g. type1 CG PUSCH + type1 CG PUSCH), the UE can prioritize the uplink transmission which is associated with coresetPoolIndex0 if two CG PUSCHs are overlapped in time domain. For the sDCI based RRC configured STxMP scheme (e.g. periodic PUCCH with SFN scheme), the UE can prioritize the uplink transmission with the first TCI state among two indicated TCI states.

Proposal 3: If the UE cannot transmit RRC based UL STxMP due to indicated TCI states, the UE can determine uplink transmission considering the follow priority rules:
· For the mDCI based RRC configured STxMP scheme (e.g. type1 CG PUSCH + type1 CG PUSCH),
· The UE can prioritize the uplink transmission which is associated with coresetPoolIndex0
· For the sDCI based RRC configured STxMP scheme (e.g. periodic PUCCH with SFN scheme)
· The UE can prioritize the uplink transmission with the first TCI state among two indicated TCI states

1.4 Intra-UE multiplexing for mDCI based mTRP SDM STx2P

The following agreements were made in previous RAN1 meetings [2] [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
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH
Agreement
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.

Conclusion
There is no consensus on the support STxMP PUCCH+PUCCH in multi-DCI based mTRP system




In Rel-17, when a PUCCH overlaps with multiple PUSCHs, the UE determines one PUSCH for UCI multiplexing with the following rules:
· A PUSCH with A-CSI report is prioritized over a PUSCH without A-CSI report.
· A DG PUSCH is prioritized over a CG PUSCH.
· A PUSCH with a smaller cell index is prioritized over a PUSCH with a larger cell index.
· A PUSCH with an earlier starting symbol is prioritized over a PUSCH with a later starting symbol.
However, when mDCI based mTRP SDM STx2P is supported, a PUCCH can be overlapped with two simultaneous PUSCH transmissions with the same starting symbol on a same serving cell as shown in Figure 4. In this case, two mDCI based STx2P PUSCH transmissions are scheduled by DCIs (DG PUSCH) and cell index is same for the two mDCI based STx2P PUSCH transmissions. And also if two PUSCH transmissions are fully overlapped in time domain, the UE cannot determine one of PUSCH for multiplexing UCI by applying above rules. Therefore, the ambiguity for UCI multiplexing can occur for cases like the example case.
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Figure 4. Example of multiplexing UCI in a STx2P PUSCH  

In addition, if UE’s total power is shared by two panels, the maximum transmission power of two STx2P PUSCH transmissions is reduced by 3dB comparing with the maximum PUSCH transmission power with single panel. The maximum power restriction of STx2P PUSCHs can also impact intra-UE multiplexing. For example, when a PUCCH overlaps with both STx2P PUSCHs and the other PUSCH transmission with single panel, how to multiplex the UCI in the PUSCH should also be reconsidered since this case does not exist in Rel-17 either. For these reasons, we need to discuss the necessity of enhancements on intra-UE multiplexing rules and how to enhance the intra-UE multiplexing rules to address the above issues for mDCI based mTRP SDM STx2P. Therefore the following agreement was agreed in RAN1#112 meeting [4]:
	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.




If one PUCCH overlaps with two STxMP PUSCH+PUSCH, we can consider two options as follow:
1) UCI is multiplexed into one of two overlapped PUSCHs
2) UCI is multiplexed into both two overlapped PUSCHs 
In our view, the first method (UCI is multiplexed into one PUSCH) is simple and sufficient because we can use legacy multiplexing rules as above. In addition, the main purpose of mDCI based STxMP PUSCH+PUSCH is to increase throughput performance with good link budget, so multiplexing UCI into one PUSCH is enough instead of multiplexing UCI into both repeatedly. Therefore, we support that the UE can multiplex UCI into one PUSCH for the case that one PUCCH overlaps with multi-DCI based STxMP PUSCH+PUSCH.
Proposal 4: Support that the UE multiplexes UCI into one PUSCH for the case that one PUCCH overlaps with multi-DCI based STxMP PUSCH+PUSCH.
In the previous RAN1#112bis-e [5], the following options for UCI multiplexing was agreed: 
	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.




Option1 can change legacy UE behavior for joint HARQ-ACK feedback and thus is not preferred. For example, consider the example in Figure 5, a PUCCH associated with coresetPoolIndex 0 overlaps with a DG PUSCH associated with coresetPoolIndex 0 and a DG PUSCH associated with coresetPoolIndex 1. In Rel-17, HARQ-ACK would be multiplexed in the DG PUSCH. However, Option 1 would multiplex HARQ-ACK in the CG PUSCH. When multiplexing in the DG PUSCH, the HARQ-ACK codebook size can be ensured by the UL DAI in the scheduling DCI. The last DCI missing issue can be protected for Type-2 HARQ-ACK codebook with legacy multiplexing rule for the case in Figure 5. When multiplexing HARQ-ACK in a CG PUSCH, the reliability of HARQ-ACK may degrade. In addition, new implementation would be required for Option 1 considering the UE behavior is changed compared with legacy.
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Figure 5. Example of multiplexing UCI in a PUSCH in case of MTRP

In addition, Option 1 is not a complete solution for joint HARQ-ACK feedback. The following case as shown in Figure 6 is supported in Rel-16/17 for joint HARQ-ACK feedback, option 1 does not resolve this case. As pointed out by the note in the agreement, each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH. Single PUSCH case should also be considered.
[image: ] 
Figure 6. Example of multiplexing UCI in case of single PUSCH

Observation 2: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, Option 1 complicates UE implementation as well as specification and degrades UCI performance for joint HARQ-ACK feedback.
 Option 2 requires minimum specification impact and is thus preferred. As a simple UCI multiplexing rule with one PUCCH which overlaps with STxMP PUSCH+PUSCH, we can prioritize the PUSCH with lower coresetPoolIndex if the UE cannot differentiate the PUSCH by using legacy rules for PUSCH determination.
Option 3 is a compromised solution. However, for separate HARQ feedback it should first clarify that whether the restriction where 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 is relaxed or not.   If the restriction remains unchanged, there is no need for the enhancements for separate HARQ-ACK feedback.
A similar case is a PUCCH overlaps with two PUSCHs on different serving cells associated with different coresetPoolIndex values as shown in Figure 7. This case is not allowed in Rel-17 according to the specification copied below. For non-ideal backhaul, if TRP#1 would like to schedule a PUSCH, TRP#1 does not know whether TRP#2 schedules an overlapping PUCCH. Similarly, if TRP#2 would like to schedule a PUCCH, TRP#2 does not know whether TRP#1 schedules an overlapping PUSCH. Even if TRP#2 would indicate the UE to multiplex the UCI in the PUSCH scheduled by TRP#2, there would be timeline issue since the UL grant is always scheduled after the DL grant. When UE determines whether it is an error case is not clear. Before receiving DCI#2, UE considers it as an error case, however, after receiving DCI#2, UE does not consider it as an error case. The motivation of relaxing the restriction is not clear and thus should not be supported.  
If TRP1 cannot get to know the information, the PUSCH from TRP1 cannot be scheduled overlapping with a PUCCH from TRP2 before and after per TRP UCI multiplexing.
	A UE that
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs.
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Figure 7. Example of multiplexing UCI in case of multiple PUSCHs on different serving cells

Observation 3: For separate HARQ-ACK feedback in case of multi-DCI based STxMP, the motivation of relaxing the legacy restriction that 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 is not clear.
Proposal 5: For multiplexing UCI into a PUSCH in case of a PUCCH which overlaps with multi-DCI based STxMP PUSCH+PUSCH transmission, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last a UE determines two PUSCHs with the same starting symbol on a same serving cell with reusing legacy rules, the UE multiplexes the UCI in a PUSCH with the lower coresetPoolIndex (Option2).

1.5 UL collision for mDCI based mTRP SDM STx2P
In legacy, UE behavior regarding how to handle the UL collision on a same serving cell is specified. When multi-DCI based STxMP PUSCH+PUSCH transmission is supported, the following collision handling rules should be performed per TRP.
· For a same L1 priority, a DG PUSCH cancels an overlapping CG PUSCH/PUSCH with SP-CSI on a same cell. 
· A PUSCH with higher L1 priority cancels a PUSCH with lower L1 priority on a same cell. 
· Cancellation indication cancels a PUSCH transmission per serving cell.
· MAC entity generates a MAC PDU only for a CG PUSCH not overlapping with a DG PUSCH on a same cell.
· MAC layer prioritization for UL grants on a same cell is performed based on priorities of logical channels. 
Proposal 6: When multi-DCI based STxMP PUSCH+PUSCH transmission is configured,
· For a same L1 priority, a DG PUSCH cancels an overlapping CG PUSCH/PUSCH with SP-CSI associated with a same coresetPoolIndex on a same cell. 
· A PUSCH with higher L1 priority cancels a PUSCH with lower L1 priority associated with a same coresetPoolIndex on a same cell. 
· Cancellation indication cancels a PUSCH transmission per coresetPoolIndex per serving cell. 
· MAC entity generates a MAC PDU only for a CG PUSCH not overlapping with a DG PUSCH associated with a same coresetPoolIndex on a same cell. 
· MAC layer prioritization for UL grants associated with a same coresetPoolIndex on a same cell is performed based on priorities of logical channels.

1.6 Timeline for mDCI based mTRP SDM STx2P
In legacy, when a PDCCH schedules a PUSCH, the timeline requirement should be satisfied according to the TS 38.214 specification copied below. Compared with legacy, the UE needs to prepare one more PUSCH for a serving cell, it would require more time for the UE to prepare the PUSCH. Additional timeline would be necessary for multi-DCI based STxMP PUSCH+PUSCH scheduling.
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[bookmark: _Hlk496824026][bookmark: _Hlk131696516]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and Koffset, if configured, and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the PDCCH candidate that ends later in time is used.




Proposal 7: Additional timeline is introduced for multi-DCI based STxMP PUSCH+PUSCH scheduling.

Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: Depending on the group based beam reporting and TCI state indication, the ambiguity of UE behavior can occur when RRC configured uplink signals are scheduled based on UL STxMP scheme.
Observation 2: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, Option 1 complicates UE implementation as well as specification and degrades UCI performance for joint HARQ-ACK feedback.
Observation 3: For separate HARQ-ACK feedback in case of multi-DCI based STxMP, the motivation of relaxing the legacy restriction that 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 is not clear.
Proposal 1: Support to determine the first and second SRI/TPMI fields based on SDM transmission and reinterpret the concatenated first and second SRI/TPMI fields as SRI/TPMI field for sTRP transmission (if needed, zero(s) can be padded into the second SRI/TPMI field or SRI/TPMI field for sTRP transmission). (i.e. support Alt3)
Proposal 2: Reuse Rel-17 group based beam reporting for both DL simultaneous reception and UL STxMP (Alt1)
Proposal 3: If the UE cannot transmit RRC based UL STxMP due to indicated TCI states, the UE can determine uplink transmission considering the follow priority rules:
· For the mDCI based RRC configured STxMP scheme (e.g. type1 CG PUSCH + type1 CG PUSCH),
· The UE can prioritize the uplink transmission which is associated with coresetPoolIndex0
· For the sDCI based RRC configured STxMP scheme (e.g. periodic PUCCH with SFN scheme)
· The UE can prioritize the uplink transmission with the first TCI state among two indicated TCI states
Proposal 4: Support that the UE multiplexes UCI into one PUSCH for the case that one PUCCH overlaps with multi-DCI based STxMP PUSCH+PUSCH.
Proposal 5: For multiplexing UCI into a PUSCH in case of a PUCCH which overlaps with multi-DCI based STxMP PUSCH+PUSCH transmission, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last a UE determines two PUSCHs with the same starting symbol on a same serving cell with reusing legacy rules, the UE multiplexes the UCI in a PUSCH with the lower coresetPoolIndex (Option2).
Proposal 6: When multi-DCI based STxMP PUSCH+PUSCH transmission is configured,
· For a same L1 priority, a DG PUSCH cancels an overlapping CG PUSCH/PUSCH with SP-CSI associated with a same coresetPoolIndex on a same cell. 
· A PUSCH with higher L1 priority cancels a PUSCH with lower L1 priority associated with a same coresetPoolIndex on a same cell. 
· Cancellation indication cancels a PUSCH transmission per coresetPoolIndex per serving cell. 
· MAC entity generates a MAC PDU only for a CG PUSCH not overlapping with a DG PUSCH associated with a same coresetPoolIndex on a same cell. 
· MAC layer prioritization for UL grants associated with a same coresetPoolIndex on a same cell is performed based on priorities of logical channels.
Proposal 7: Additional timeline is introduced for multi-DCI based STxMP PUSCH+PUSCH scheduling.
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