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1.	Introduction
In RAN#94, enhancements on UL simultaneous multi-panel transmission were approved to be considered and specified as part of the MIMO evolution for Downlink and Uplink WID. The objectives for the UL multi-panel simultaneous enhancements are stated as follows:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
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.
       …



2.	Simultaneous Multi-Panel PUSCH Transmission  
2.1 	M-DCI based STxMP PUSCH 

	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 



	RAN1#112 Agreement
Among the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH, the SRS resource set with lower set ID is the first SRS resource set.



Figure 1 shows an example of RAN1#112 agreement on fixed association between coresetPoolIndex values and UL SRS resource sets (i.e. first resource set with lower ID with coresetPoolIndex value = 0 ). When M-DCI based STxMP PUSCH transmission is triggered from  TRP#1 (where CORESET associated with triggering DCI having coresetPoolindex value = 0), the UE shall assume that the SRI codepoint field value indicates SRI (i.e. SRI#0) within UL SRS resource set#0. Similarly, when  M-DCI based STxMP PUSCH transmission is triggered from  TRP#2 (where CORESET associated with triggering DCI having coresetPoolindex value = 1), the UE shall assume that the SRI codepoint field value indicates SRI (SRI#1) within UL SRS resource set#1
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[bookmark: _Ref131545040]Figure 1 an example of use of fixed coresetPoolIndex value association with UL SRS resource sets.

Figure 2 shows an example of problem related to a fixed association ( RAN1#112 agreement related to first resource set with lower ID with coresetPoolIndex value = 0 ) between CoresetPoolIndices and UL SRS resource sets with rotated UE (e.g. with 180 degree). Based on UE capability index reporting and configured UL SRS sets 1 and 2, both TRP1 and TRP2 can be  aware of UE’s  UL SRS transmission capability (i.e. number of SRS antenna ports) to a set of specific DL RS resources. Based on this information, both TRPs can identify that configured UL SRS resource sets, i.e. 1 and 2, have wrong coresetPoolIndex value associated with both resource sets (i.e. resource set 0 with CoresetPoolIndex value= 0 and resource set 1 with CoresetPoolIndex value = 1). When M-DCI based STxMP PUSCH transmission is triggered from  TRP#1 (where CORESET associated with triggering DCI having coresetPoolindex value = 0), the UE shall assume that the SRI codepoint field value indicates SRI (i.e. SRI#0) within UL SRS resource set#0. However, due to the rotation of the UE, UL SRS resource set#0 can not be associated with CoresetPoolIndex value =0. The reason for this is that antenna panel 1 with SRS resource set #0 with corresponding TX beams can not be directed towards TRP#1 (i.e. CoresetPoolIndex value =0), but rather directed towards TRP 2 (i.e. CoresetPoolIndex value =1). Therefore, fixed association leads to triggering of wrong UL SRS resource set usage for precoder indication for PUSCH. The same problem exists when M-DCI based STxMP PUSCH transmission is triggered from TPR#2. As a result of this, DCI format 0_1 can not be used to trigger M-DCI based STxMP PUSCH transmission to different TRPs when fixed association between CoresetPoolIndices and SRS resource sets is applied.   
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[bookmark: _Ref131497861]Figure 2 An example of the problem related fixed association between CoresetPoolIndices and UL SRS resource sets.
Observation 1: Problem exists for M-DCI STxMP PUSCH with agreed fixed association between UL SRS resource sets and CoresetPoolIndex values.
To avoid aforementioned problem, it would be beneficial to specify dynamic mechanism , other than RRC based, where   CoresetPoolIndex value association between two configured UL SRS resource sets can be inter-changed. One possible way could be to define dynamic indication via DCI, either repurposing some existing codepoint field (e.g. reusing SRS resource set indicator codepoint field) or defining new codepoint field, which would trigger UE to inter-change CoresetPoolIndex values between two UL SRS resource sets.
According to Rel-17 specification, the UE is configured with PUSCH parameters, i.e., PUSCH-Config, for a specific bandwidth part (BWP) which are common within a cell, including also uplink DMRS parameters (i.e. DMRS-UplinkConfig). Therefore, for M-DCI based simultaneous multi-panel PUSCH transmission, only single DMRS type (i.e. type-1 or type-2) can be semi-statically configured and defined as valid for all PUSCH transmissions within a serving cell. For M-DCI, due to independent scheduling decisions of uplink transmissions among TRPs, different DG-PUSCH transmissions associated with different TRPs may be fully/partially overlapping in time and fully/partially/non-overlapping in the frequency domain. When TRPs are scheduling PUSCH transmissions via M-DCI, antenna ports of DMRS for PUSCH are independently indicated with a codepoint field associated with antenna ports, where indicated DMRS antenna ports can be the same or different. 
Since PUSCH-Config and corresponding DMRS-RS-UplinkConfig are valid for all PUSCH transmissions with different TRPs in the serving cell, where DMRS-RS-UplinkConfig having same scramblingIDs, i.e., scramblingID0, scramblingID1, the different TRPs may not able to perform DMRS channel estimation for each TRP specific PUSCH transmissions. In other words, DMRS antenna ports indicated by different TRPs may not be distinguished from each other. Especially, when the UE is scheduled with simultaneous multi-panel PUSCH transmissions, where the same DMRS antenna port combination is indicated by both of the TRPs. 
A similar problem arises when the UE performs simultaneous multi-panel transmission with the following combinations: DG-PUSCH + CG-PUSCH or CG-PUSCH + CG-PUSCH. Therefore, to avoid the collision of DMRS sequences for M-DCI based STxMP PUSCH, different options should be defined for how to enable the differentiation of DMRS sequences associated with different TRPs with the following combinations: DG-PUSCH + DG, DG-PUSCH + CG-PUSCH, and CG-PUSCH + CG-PUSCH. 
Observation 2: For M-DCI based STxMP PUSCH, DMRS sequences may collide simultaneous PUSCH transmissions 

	RAN1#110bis Agreement 
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain



Figure 3 shows an example of simultaneous M-DCI based PUSCH transmissions where each PUSCH is transmitted with different antenna panel. However, during the operation the UE may rotate so that one panel would be serving both beam pair links between the UE and two receiving TRP. In other words, one panel may be oriented towards both TRPs, as shown in Figure 4. As can be seen other UE panel is oriented to the direction where the any of TRPs does not exists. Thus, in order to have feasible beam pair link quality, one of the panels would be used towards both receiving TRPs. In the current NR system, the network does not have awareness of which panel the UE is using / would be using for the certain PUSCH transmission – the UE is only provided spatial source reference signal e.g. via TCI state (e.g. in the figure 1, TCI 0 indicates a spatial source DLRS#0) or Indicated TCI state that comprises the QCL-TypeD RS based on which the UE forms its transmit spatial filter.
Observation 3: UE's capability to transmit simultaneously from two different panels to two different TRPs may change dynamically (e.g. rotation/orientation towards the TRPs).
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[bookmark: _Ref118654448]Figure 3 an example of M-DCI based simultaneous PUSCH + PUSCH transmission with two different antenna panels.
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[bookmark: _Ref118654919]Figure 4 an example of M-DCI based simultaneous PUSCH + PUSCH transmission after UE rotation with one antenna panels.
Proposal 1: Support DCI based indication for M-DCI STxMP PUSCH to inter-change CoresetPoolIndex values between two UL SRS resource sets
Proposal 2: For M-DCI based STxMP PUSCH define different options, e.g. explicit/implicit, how to enable differentation of DMRS sequences associated with different TRPs with the following combinations:
· DG-PUSCH + DG PUSCH
· DG-PUSCH + CG-PUSCH
· CG-PUSCH + CG-PUSCH

Proposal 3: Define UE behaviour for the dynamic adaptation between capable of transmitting simultaneously from two panels to two different TRPs and not capable of transmitting simultaneously from two different panels to receiving TRPs.

On the UCI multiplexing aspects in case of STxMP, the following was agreed in RAN1#113 for the multi-DCI mode:

	Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support the following revised Option 3:
· (Revised) Option 3: 
· When joint HARQ-ACK feedback is configured or when the UCI does not include HARQ-ACK, 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 the PUSCH associated with CORESET pool index value 0
· When separate HARQ-ACK feedback is configured, 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. 
· The PUSCH and PUCCH associated with same CORESETPoolIndex are associated the same TRP. 
· For a PUCCH including HARQ-ACK, the UE does not expect this PUCCH to overlap with PUSCH(s) with different CORESETPoolIndex value but not overlap with a PUSCH with the same CORESETPoolIndex value.




[bookmark: _Hlk142650568]First, would be good to clarify/conclude whether the above agreed operation(s) could be considered jointly with Rel-16/Rel-17 legacy operations related to intra-UE multiplexing/prioritization such as:
· Rel-16 intra UE prioritization of different PHY priorities
· Rel-17 intra-UE multiplexing of different PHY priorities
· Rel-17 simultaneous PUCCH and PUSCH transmission of different PHY priorities.

In addition to the multi-DCI mode, the enhancements for UCI multiplexing operation would also need to be discussed for the single-DCI mode, as also in this case two PUSCHs could overlap with a PUCCH(s). In our view, at least considering the singled-DCI SDM PUSCH scheme, similar logic as for multi-DCI could be adopted, that is, for UCI(s) carried in a PUCCH that overlaps with two PUSCHs, the UCI should be multiplexed in the PUSCH that corresponds to the same TRP as the PUCCH.   
[bookmark: _Hlk134805343]Further, considering the single-DCI STxMP mode, the cases where UCI is scheduled on PUSCH (with or without UL-SCH) would also need be discussed, such as in case of aperiodic-CSI or semi-persistent CSI on PUSCH.

Proposal 4: RAN1 to clarify whether the agreed operation(s) for UCI multiplexing for STxMP could be considered jointly with the following Rel-16/Rel-17 legacy operations:
· Rel-16 intra UE prioritization of different PHY priorities
· Rel-17 intra-UE multiplexing of different PHY priorities
· Rel-17 simultaneous PUCCH and PUSCH transmission of different PHY priorities

Proposal 5: Discuss UCI multiplexing for the single-DCI based STxMP PUSCH+PUSCH, due to the overlap of these PUSCHs with PUCCH(s), by considering the logic used for the multi-DCI based STxMP PUSCH+PUSCH at least as a baseline.

Proposal 6: For the single-DCI based STxMP PUSCH+PUSCH, discuss the cases where UCI is scheduled on PUSCH (with or without UL-SCH), i.e., in case of aperiodic-CSI or semi-persistent CSI on PUSCH.

3.	Conclusions  
In the previous sections, the following proposals have been made:

Proposal 1: Support DCI based indication for M-DCI STxMP PUSCH to inter-change CoresetPoolIndex values between two UL SRS resource sets
Proposal 2: For M-DCI based STxMP PUSCH define different options, e.g. explicit/implicit, how to enable differentation of DMRS sequences associated with different TRPs with the following combinations:
· DG-PUSCH + DG PUSCH
· DG-PUSCH + CG-PUSCH
· CG-PUSCH + CG-PUSCH

Proposal 3: Define UE behaviour for the dynamic adaptation between capable of transmitting simultaneously from two panels to two different TRPs and not capable of transmitting simultaneously from two different panels to receiving TRPs.
Proposal 4: RAN1 to clarify whether the agreed operation(s) for UCI multiplexing for STxMP could be considered jointly with the following Rel-16/Rel-17 legacy operations:
· Rel-16 intra UE prioritization of different PHY priorities
· Rel-17 intra-UE multiplexing of different PHY priorities
· Rel-17 simultaneous PUCCH and PUSCH transmission of different PHY priorities
Proposal 5: Discuss UCI multiplexing for the single-DCI based STxMP PUSCH+PUSCH, due to the overlap of these PUSCHs with PUCCH(s), by considering the logic used for the multi-DCI based STxMP PUSCH+PUSCH at least as a baseline.

Proposal 6: For the single-DCI based STxMP PUSCH+PUSCH, discuss the cases where UCI is scheduled on PUSCH (with or without UL-SCH), i.e., in case of aperiodic-CSI or semi-persistent CSI on PUSCH.
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