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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 0. 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 	S-DCI based STxMP PUSCH
In this section, different aspects of S-DCI based STxMP PUSCH for Rel-18 are discussed.
2.1.1 	SRS Resource set, SRI/TPMI Indication for S-DCI
Rel-17 has introduced an antenna panel capability aware beam reporting (i.e. capability index reporting) to support fast UL beam and panel selection for single panel UL PUSCH/PUCCH transmission.
In Rel-17, the UE may report two different SSBRIs/CRIs with the same capability value index but the gNB cannot determine whether the UE has measured the reported SSBRIs/CRIs with the same or different panel. Thus, the gNB cannot get aware based on Rel-17 reporting whether the UE would be able to transmit to different TRPs with one panel (e.g., in TDM manner) or with two different panels (e.g., in SDM manner) at a time. Thus, we think that it would be beneficial to extend the Rel-17 capability value index reporting to support also Rel-18 simultaneous multi-panel uplink transmission. In the enhanced reporting, the report should carry information about UE’s simultaneous transmission possibility of two panels.
Observation 1: Rel-17 capability index reporting does not provide full support for Rel-18 STxMP PUSCH requiring extension in Rel-18. 
As a first step, capability index reporting needs to enable differentiation between different antenna panels with the same or different number of UL SRS antenna ports. To support this, the capability value index reporting needs to be extended to support one-to-one mapping between each antenna panel and reported SSBRI/CRI (including also support antenna panels with same number of UL SRS antenna ports).
Figure 1 shows an example of UE equipped with three TX-antenna panels with different UL SRS antenna port capabilities. Based on capability signaling, the UE is configured with different capability value set indices with different UL SRS antenna port capabilities (e.g. capability value set index #0 := 2 SRS ports, capability value set index #1 := 2 SRS ports, capability value set index #2 := 1 SRS port). After the UE has performed SSB/NZP-CSI-RS measurements, different SSBRI/CRIs with corresponding L1-RSRPs and capability value indices are reported. 
[image: ]
[bookmark: _Ref131535804]Figure 1 an example of three TX-antenna panels with different UL SRS antenna port capabilities.

As a second step, new criteria for selecting reported resources and corresponding capability values for STxMP PUSCH is needed. Selection criteria could be based on a principle where  SSB/CSI-RS resource pairs with corresponding capability index pairs are selected having capability for simultaneous PUSCH transmission.
Observation 2: Selection criteria for capability index reporting can be applied where SSB/CSI-RS resource pairs with corresponding capability index pairs are selected having capability for simultaneous PUSCH transmission.    

	RAN1#110bis 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




Regarding to FFS on whether it is possible to have different number of SRS resources in each SRS resource set for SDM based PUSCH. Rel-17 specification defines that the UE is indicated about the number of SRS resources, NSRS, for each resource set by higher layer parameter srs-ResourceSetToAddModList and SRS resources are associated with the first and the second UL resource set with ‘codebook’ or ‘nonCodebook’. As a result of this, the UE has awareness about which of the first SRI and second SRI indication tables, i.e. NSRS=2, or NSRS=3 or NSRS= 4, to be applied for codebook based simultaneous STxMP PUSCH. In other words, the first and the second SRI can be associated with two different UL SRS resource sets with usage ‘codebook’ with different number of SRS resources. 
Observation 3: For SDM based PUSCH the first and the second SRI can be associated with two different UL SRS resource sets with usage ‘codebook’ with different number of SRS resources.
For UL SRS resource set usage ‘nonCodebook’, the UE needs to know the maximum number of layers for the first and second SRI. It is worth noting that, due to layer restriction of the second SRI, the Rel-17 second SRI indication table is not applicable for Rel-18 S-DCI based STxMP PUSCH. Therefore, Rel-18 first and second SRIs should reuse Rel-17 indication tables or a subset of the tables (by considering the supported layer combinations and the maximum number of layers per antenna panel defined in supported layer combinations). It is worth noting that the maximum number of layers per panel depends on the supported layer combinations and the UE capability. When the UE is indicated with layer combinations for both panels, the UE knows which of the candidate tables is applied for the first and second SRI indication Since all candidate indication tables for the first and the second SRI encapsulate information up to four the number of SRS resources, NSRS,  two SRS resource sets can have different number of SRS resources in each resource set.  In other words, the first and the second SRI can be associated with two different UL SRS resource sets with usage ‘nonCodebook’ with different number of SRS resources.   
Observation 4:  When UL SRS resource set usage ‘nonCodebook’ is applied for S-DCI based STxMP PUSCH, the first and second SRIs should reuse Rel-17 first SRI indication tables or subset of tables (by taking into account the supported layer combinations and the maximum number of layers per antenna panel.
Observation 5: The first and the second SRI can be associated with two different UL SRS resource sets with usage ‘NonCodebook’ with different number of SRS resources.
Regarding to FFS for codebook-based PUSCH, whether the two SRS resources indicated by the two SRI fields can have different number of SRS ports. Since the UE may be equipped with different SRS antenna port capabilities associated with different antenna panels, it would be beneficial to support in Rel-18 UL SRS resource set configurations associated with different panels to be different, in terms of different number of SRS antenna ports per resource in the resource set. According to Rel-17 specification, when two SRIs are indicated the UE shall expect the nrofSRS-Ports for the two indicated SRS resources to be the same. Therefore, Rel-17 SRI indication tables for codebook based STxMP PUSCH can be reused as such for the first and second SRI indication, but the UE shall not assume that the nrofSRS-Ports for the two indicated SRS resources to be the same for the two indicated SRS resources.   
Observation 6: For codebook based STxMP PUSCH Rel-17 SRI indication tables can be reused. However, the UE shall not assume that the nrofSRS-Ports for the two indicated SRS resources to be the same for the two indicated SRS resources.
Rel-17 baseline with two separate SRIs provides a feasible approach to indicate SRI for both codebook and non-codebook based simultaneous multi-panel PUSCH transmission. To enable full indication flexibility for different layer combinations in Rel-18 for non-codebook based PUSCH, Rel-17 layer indication restriction considering the second SRI needs to be removed for Rel-18 specification. 
Observation 7: For non-codebook based PUSCH, Rel-17 layer indication restrictions considering the second SRI needs to be removed for Rel-18 specification.
To enable full indication flexibility for different layer combinations in Rel-18 for codebook-based PUSCH, Rel-17 layer indication restriction considering the second TPMI needs to be removed for Rel-18 specification. Furthermore, as discussed above, a different number of nrofSRS-Ports associated with the first and second indicated SRI need to be supported. As a result of this, two different DCI codepoint fields associated with the first and second precoding information and the number of layers need to provide similar indication flexibility in terms of TPMI index and rank combinations. To enable support for the indication flexibility, both DCI codepoint fields should apply similar indication tables subject to different nrofSRS-Ports.
Observation 8: For codebook-based PUSCH, Rel-17 layer indication restrictions considering the second codepoint for precoding and the number of layers need to be removed for Rel-18 specification.
Observation 9: It is beneficial to enable similar indication flexibility in terms of TPMI index and rank combinations for both DCI codepoint fields associated with precoding information and the number of layers.   
Current specification defines that a single precoding type (i.e. codebook or non-codebook) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the specification does not allow the possibility adapt the precoding type according to TRP-specific channel conditions for each PUSCH transmission. However, from a system perspective, this can be seen as a beneficial feature for providing further performance enhancements into simultaneous multi-panel PUSCH transmission because channel conditions associated with links between different TRPs and UE may vary significantly. Furthermore, additional performance gains can be expected when different precoding types could be jointly used for simultaneous multi-panel PUSCH transmission in M-TRP operation.      
Observation 10: Current specification supports only the use of single precoding type (i.e. codebook or non-codebook) for all PUSCH transmissions in a cell limiting the performance of simultaneous multi-panel PUSCH transmission in M-TRP operation.
	RAN#111 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.
· 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.





	RAN1#112: 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
· 



The current working assumption for SDM with two separate max rank parameters with the same values does not support the UEs equipped with asymmetric antenna panels in terms of SRS antenna port capability. Furthermore, the specification should allow support for different UE implementations (i.e. shared antenna ports across panels and dedicated antenna SRS antenna ports per panel as well as different number of antenna ports per panel). Therefore, further discussion is required on this matter leading us not to confirm the current working assumption.  
Observation 11: The current working assumption for SDM with two separate max rank parameters with same values does not provide support for the UEs equipped with asymmetric antenna panels in terms of SRS antenna port capability.      
To gain further understanding of the performance of the proposed SDM scheme for multi-panel PUSCH transmission for S-DCI, we have performed link-level simulation where we compare the following scenarios (as shown in Figure 1): single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP. The simulation assumptions are given in Table 3 in appendix A. In the simulations, no panel selection is assumed, transmission angle is fixed throughout the simulation. We will compare performance with joint power limitation (Pmulti = Psingle) in CDL-D and CDL-C channels. 
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Figure 2: Evaluation scenarios: single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP.
Figure 2 and Figure 3, show throughput results for different scenarios (i.e LoS and NLoS) are shown for rank 2 and rank 4 with Pmulti = Psingle,  TX power assumptions respectively. In appendix B further results are shown with different TX power assumptions, i.e. per panel power limitation Pmulti = 2Psingle. It is worth noting that TX-RX beamforming gain is excluded from the results. 
[image: ]
Figure 3: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation (Pmulti = Psingle) in CDL-D channel (LOS case).

Observation 12: When single panel to sTRP rank 2 transmission is considered there is a 2dB loss when compared to multi-panel results.
Observation 13: In LOS (CDL-D) case there is no gain from mTRP multi-panel transmission for rank 2 transmission.
Observation 14: In rank 4 results multi-panel to sTRP provides 2dB gain when compared to single panel result.    
Observation 15: multi-panel to mTRP rank 4 transmission outperforms sTRP scenarios. 
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Figure 4: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP performance comparison with joint power limitation (Pmulti = Psingle) in CDL-C channel (NLOS case).

Observation 16: In NLOS (CDL-C) scenario sTRP single panel provides the best performance. 
As analysed above there is also motivation to have SDM transmission where two panels transmit to sTRP. Thus, at least in SDM (SFN is FFS) it is beneficial to support SDM STxMP to sTRP as illustrated in Figure 5. 
[image: ]
[bookmark: _Ref127541468]Figure 5 Four transmission modes in SDM transmission scheme.
Regarding to previous meeting agreement, on the two-bit “SRS resource set indicator” DCI field that dynamically indicates the sTRP or SDM transmission could have the following interpretations for the 2-bit codepoints:
· Codepoint 00: single panel transmission to first TRP according to the first resource set
· Codepoint 01: single panel transmission to second TRP according to the second resource set
· Codepoint 10: two-panel transmission (SDM) to single-TRP according to the first and second resource sets
· Codepoint 11: two-panel transmission (SDM) to multi-TRP according to the first and second resource sets

	RAN#111 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)



For s-DCI based SFN STxMP PUSCH,  the total number of layers across requires still a further clarification. From our perspective, Rel-18 should follow SFN principle (i.e. same layers throughout different antenna panels) and take into account the UE capability as well as WID layer restriction for the total number of layers (i.e. 4 layers). Moreover, it would also enable specification support for implementations where antenna ports are shared between antenna panels or each antenna panel have its dedicated antenna ports. Based on this,  the maximum number of indicated layers for SFN can be up to 4 layers.  
Observation 17: Maximum number of indicated layers for SFN can be up to 4 layers.

	RAN1#112 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



Since layer indication for s-DCI based SFN STxMP has been agreed to follow the Rel-17 mTRP TDM scheme, it is reasonable to restrict the number of resources to be the same in both SRS resource sets. Therefore, the same number of resource UL SRS resources is required for UL SRS resource configurations for SFN.    

Proposal 1: For Rel-18 capability index reporting,  support one-to-one mapping between each antenna panel ( antenna panels with the same and/or different number of SRS antenna ports) and reported SSB/CSI-RS resource.
Proposal 2: Support selection criteria for capability value set index reporting where pairs of capability value indices in conjunction with pairs of SSB/CSI-RS resources are reported enabling simultaneous STxMP for PUSCH.  
Proposal 3: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 4: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘Non-codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 5: For codebook based STxMP PUSCH, the UE shall not assume that the nrofSRS-Ports for the two indicated SRS resources to be the same for the two indicated SRS resources. 
Proposal 6: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 7: Do not confirm the following working assumption:
RAN1#112: 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

Proposal 8: Support the following interpretation in SDM scheme for each codepoint of “SRS resource set indicator”:
· Codepoint 00: single panel transmission to first TRP according to first resource set
· Codepoint 01: single panel transmission to second TRP according to second resource set
· Codepoint 10: two-panel transmission (SDM) to single-TRP according to first and second resource sets
· Codepoint 11: two-panel transmission (SDM) to multi-TRP according to first and second resource sets

Proposal 9: Support up to 4 layers for S-DCI based SFN STxMP PUSCH. 
Proposal 10: Support the same number of UL SRS resources with two UL resource sets for S-DCI based SFN STxMP PUSCH. 
2.1.2 	DMRS Antenna Port Indication Enhancements for S-DCI


	RAN1#112 Agreement
To support indicating DMRS ports in different CDM groups for layer combination {1+2} in SDM
· Add new entry {0, 2, 3} to the DMRS table for the layer combination {1+2}; 
· This is optional UE capability for UE that supports sDCI based STxMP SDM
· 




Regarding to RAN1#112 meeting agreements to add new entry {0,2,3} to the DMRS tables for layer combinations {1+2}, Table 1 and Table 2 provide amended entries (marked with red color) in antenna port indication tables for dmrs-Types 1 and 2 with maxLenght of 1 with rank =3.   

[bookmark: _Ref131610283]Table 1 Antenna port(s), transform precoder is disabled, dmrs-Type =1, maxLength =1, rank =3.  
	Value
	Number of DMRS CDM group(s) without data
	DMRS ports

	0
	2
	0-2

	1
	2
	0,2,3

	2-7
	Reserved
	Reserved




[bookmark: _Ref131610296]Table 2 Antenna port(s), transform precoder is disabled, dmrs-Type =2, maxLength =1, rank =3.  
	Value
	Number of DMRS CDM group(s) without data
	DMRS ports

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	3
	2
	0, 2, 3

	4-15
	Reserved
	Reserved




In general, PUSCH transmission from different antenna panels to different TRPs can have different propagation conditions. This can lead into a situation where a PUSCH transmission to one TRP can be associated with higher pathloss (or smaller pathloss) than the PUSCH transmission to another TRP. As a result of this, even though uplink power control is applied, the demodulation performance of S-DCI based simultaneous multi-panel PUSCH transmission can be degraded. To enhance the demodulation performance of S-DCI based simultaneous multi-panel PUSCH transmission, it would be beneficial to support the adaptation of DMRS transmission TRP/ beam pair link -specifically where the number of DMRS symbols by using legacy DMRS symbol positions adapted. The current specification assumes the same number of DMRS symbols to be applied for both links associated with PUSCH transmissions with different TRPs/beam pair links. As a result of this, DMRS overhead is increased impacting negatively to the uplink system performance.   

Observation 18: It would be beneficial to enable the adaptation of the amount of DMRS symbols by using legacy DMRS symbol positions per TRP/beam pair link. 
To improve further the configuration flexibility and DMRS channel estimation quality for simultaneous multi-panel PUSCH transmission in Rel-18, it would be beneficial to consider different ways to dynamically change between different DMRS configuration types for per PUSCH transmission. Current specification defines that DMRS type (i.e., type-1 or type-2) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the current specification does not allow the possibility to adapt DMRS type according to TRP-specific channel conditions for each PUSCH transmission. As a result of this, UL DMRS channel estimation quality can be degraded leading to degradation in PUSCH performance. Furthermore, DMRS resource overhead may turn out to be too high restricting efficient resource utilization. Based on these discussions, Rel-18 should support the configuration of DMRS type per UL PUSCH transmission and study further different options for supporting it.    
Observation 19: Current specification supports only the use of single UL DMRS type (i.e. type-1 or type-2) for all PUSCH transmissions in a cell causing DMRS channel estimation quality degradation and increased resource overhead. 
Proposal 11: Support amended antenna port indication tables Table 1 (DMRS type-1) and Table 2 (DMRS type-2) for Rel-18 STxMP PUSCH.

Proposal 12: For S-DCI based STxMP PUSCH with, support allocation of the amount of DMRS symbols by using legacy symbol positions per TRP/beam pair link 
· FFS: details how to support it.

Proposal 13: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

2.2 	M-DCI based STxMP PUSCH 

	RAN1#110bis Agreement 
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH



	RAN1#111 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 



	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 6 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

[image: ]
[bookmark: _Ref131545040]Figure 6 an example of use of fixed coresetPoolIndex value association with UL SRS resource sets.

Figure 7 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-SCI 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.   

[image: ]
[bookmark: _Ref131497861]Figure 7 An example of the problem related fixed association between CoresetPoolIndices and UL SRS resource sets.

Observation 20: 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 21: 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 8 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 9. 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 22: UE's capability to transmit simultaneously from two different panels to two different TRPs may change dynamically (e.g. rotation/orientation towards the TRPs).

[image: ]
[bookmark: _Ref118654448]Figure 8 an example of M-DCI based simultaneous PUSCH + PUSCH transmission with two different antenna panels.
[image: ]
[bookmark: _Ref118654919]Figure 9 an example of M-DCI based simultaneous PUSCH + PUSCH transmission after UE rotation with one antenna panels.
On the UCI multiplexing aspect in case of STxMP, the following was agreed in RAN1#112 for the multi-DCI mode:
	[bookmark: _Hlk129682686]RAN1#112 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 case of multi-DCI based STxMP PUSCH+PUSCH, in our view the following logic should be considered for UCI multiplexing: 
· 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. 

For dynamically scheduled PUSCH and configured-grant Type 2 PUSCH, the correspondence/association of PUSCH to a TRP could be determined based on the CORESETPoolIndex that includes the CORESET used for transmitting the PDCCH scheduling the PUSCH. On the other hand, how to exactly determine the correspondence/association of a PUCCH to a TRP is still open under 9.1.1.1. There, several options are still on the table. Nevertheless, it’s somewhat clear that the correspondence will be based on CORESETPoolIndex.

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.     
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 14: Support DCI based indication for M-DCI STxMP PUSCH to inter-change CoresetPoolIndex values between two UL SRS resource sets
Proposal 15: Support implicit association between CORESETPoolIndex and SRS resource set for DG-PUSCH and type 2 CG-PUSCH based on CORESETPoolIndex of the scheduling DCI.   
Proposal 16: 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 17: Agree firstly common supported layer combination set for both S-DCI and M-DCI based STxMP PUSCH. After this, the number of indicated SRIs and configured SRS resources for non-codebook usage can be defined.
Proposal 18: Before defining any per antenna panel specific restriction on the number of layers, different layer combinations need to be clarified for M-DCI based STxMP PUSCH. 
[bookmark: _Ref102136697]Proposal 19: Support antenna panel specific codebooks for M-DCI based STxMP PUSCH based on UE capability. 
Proposal 20: 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 21: For multi-DCI based STxMP PUSCH+PUSCH, if a UCI carried in a PUCCH overlaps with the two PUSCHs, the UCI should be multiplexed on the PUSCH that corresponds to the same TRP as the PUCCH.
· For dynamically scheduled PUSCH and configured-grant Type 2 PUSCH, the correspondence/association of PUSCH to a TRP could be determined based on the CORESETPoolIndex that includes the CORESET used for transmitting the PDCCH scheduling the PUSCH.
· FFS how to determine the correspondence/association of a PUCCH to a TRP, which depends on the outcome of some PUCCH related discussions under 9.1.1.1.


Proposal 22: 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 baseline.

Proposal 23: 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 Power Control Aspects for STxMP  
In this section, we discuss potential UL power control enhancements related to STxMP operation (considering unified TCI framework), as captured in the Rel-18 objective below:
	6. Study, and if justified, specify the following 
a. Two TAs for UL multi-DCI for multi-TRP operation 
b. Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



In legacy operations, PCMAX,f,c, which basically represents the maximum allowed power for a UE for its UL transmissions, is defined per carrier for a serving cell. For simultaneous UL transmissions, where two PUSCHs or two PUCCHs that overlap in time would be (simultaneously) transmitted on the same carrier, and more generally for multi-panel UE, one important point to discuss and decide is whether to keep PCMAX per carrier or whether to define panel specific PCMAX. Panel specific PCMAX may be needed, when, for example, panel-specific UE power class (e.g., due to different PA characteristics for each panel) is introduced, or panel specific MPR related considerations are assumed, etc.
A related discussion happened in RAN1#109-e, where it was agreed to send an LS to RAN4 in order to check some related aspects, such as whether it’s feasible to assume power limitation per panel or over all UE panels for STxMP, as captured in the below agreement: 
	Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.



In FR2, typically UE devices are having a distributed PA architecture where the PA is part of the mmW module instead of a PA that can be switched to different antennas which is the typical architecture assumption in FR1. The distributed PA architecture means that there is a low power PA per antenna element or per small set of antenna elements within a panel. That means that antenna panels are having their own PAs, in contrast to FR1 where multiple antennas may be switched to PA(s). 
[bookmark: _Ref111225963]Observation 23: In FR2, typically devices are equipped with a distributed PA architecture where each antenna panel is having its own PA(s).
That makes Assumption 1 (Power limitation per panel for STxMP) more suitable for UEs to be adopted in FR2, especially for the high-power class UE devices as targeted in Rel18: FWA, CPE, Vehicular, etc. In addition, as uplink coverage is typically the bottleneck, the higher total EIRP would be beneficial to alleviate uplink coverage issues.
[bookmark: _Ref111225977]Proposal 24: Support at least Assumption 1: Power limitation per panel for STxMP.
Once the above aspects are clarified, PH (power headroom) aspect would need to be discussed. It’s worth recalling that Rel-17 introduced the reporting of two PHs for multi-TRP PUSCH operation. This could be used as a starting point for the Rel-18 discussions on PH aspects for simultaneous UL transmissions, and more generally for multi-panel transmissions. However, given that the network will be switching between single-TRP and multi-TRP UL schemes (such as SDM and TDM), e.g., based on some UE reporting such as capability value set index reporting, having two PHRs calculated and reported for a cell may not be needed when M-TRP UL schemes are not feasible/needed/applicable, i.e., when only single-TRP scheme is feasible/needed, be it from the UE and/or network perspectives. For instance, if there is a single (UL/joint) TCI state indicated/applicable in the cell, then calculating and reporting two PHRs would not be necessary and would thus unnecessarily increase the UL control overhead.
Another aspect that would need to be discussed is when two-PHR mode is not configured for a cell, i.e., the UE would potentially be required to calculate and report one PH. In this case, for two simultaneous PUSCH transmissions, it should be discussed which PUSCH transmission to consider for the PH calculation and reporting.
[bookmark: _Ref115445446][bookmark: _Ref118644216]Observation 24: Considering the feasibility/need of single-TRP UL scheme versus multi-TRP UL scheme (including simultaneous UL transmissions, such as SDM) from UE and/or network perspectives, two-PHR reporting may not be needed when M-TRP UL schemes are not feasible/applicable. In addition, the UE would be required to potentially calculate and report one PH in case the two-PHR mode is not configured. 
[bookmark: _Ref111225985][bookmark: _Ref115445473]Proposal 25: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes, including simultaneous UL transmissions, such as (i) number of PHRs to report at a given time and which UL scheme to use for the calculation of the PHR(s), and (ii) the cases where the UE is not configured with two-PHR mode.
Further, given that Rel-18 MIMO objective 6 is targeting “CPE/FWA/vehicle/industrial devices”, it should be discussed whether MPE issues would need to be considered in the study. In other words, it should be discussed whether, for instance, some industrial devices can be handheld devices or not. Based on this, RAN1 could decide whether, considering Rel-17 MPE reporting as a basis, some MPE enhancements for simultaneous UL transmission operation are needed. 
[bookmark: _Ref111226005]Proposal 26: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.  
Finally, the existing specifications in Sec. 7.5 in TS 38.213 copied below define prioritization operation for transmission power reductions for parallel UL transmission on different (serving) cells for the CA case when the UE total required transmit power would exceed the maximum allowed power.  
	For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to  for that frequency range in every symbol of transmission occasion . For the purpose of power allocation in this clause, if a UE is provided uci-MuxWithDiffPrio and the UE multiplexes HARQ-ACK information in a PUSCH, a priority index of the PUSCH is the larger of (a) the priority index of the PUSCH according to clause 9 and (b) the larger priority index of the HARQ-ACK information. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion , the UE does not include power for transmissions starting after the symbol of transmission occasion . The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with larger priority index 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information of the priority index
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information of the priority index or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.



Given that Rel-18 introduce the support of STxMP in a same cell, it should be discussed whether/how the transmission power reduction operation needs to be adapted to also account for the presence of Rel-18 STxMP operation.
Proposal 27: Discuss prioritization operation for transmission power reductions for the CA case, considering the specified operation in Sec 7.5 in TS 38.213 and taking into account the support of Rel-18 STxMP.  
5.	Conclusions  
In the previous sections, the following proposals have been made:
Proposal 1: For Rel-18 capability index reporting,  support one-to-one mapping between each antenna panel ( antenna panels with the same and/or different number of SRS antenna ports) and reported SSB/CSI-RS resource.
Proposal 2: Support selection criteria for capability value set index reporting where pairs of capability value indices in conjunction with pairs of SSB/CSI-RS resources are reported enabling simultaneous STxMP for PUSCH.  
Proposal 3: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 4: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘Non-codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 5: For codebook based STxMP PUSCH, the UE shall not assume that the nrofSRS-Ports for the two indicated SRS resources to be the same for the two indicated SRS resources. 
Proposal 6: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 7: Do not confirm the following working assumption:
RAN1#112: 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

Proposal 8: Support the following interpretation in SDM scheme for each codepoint of “SRS resource set indicator”:
· Codepoint 00: single panel transmission to first TRP according to first resource set
· Codepoint 01: single panel transmission to second TRP according to second resource set
· Codepoint 10: two-panel transmission (SDM) to single-TRP according to first and second resource sets
· Codepoint 11: two-panel transmission (SDM) to multi-TRP according to first and second resource sets

Proposal 9: Support up to 4 layers for S-DCI based SFN STxMP PUSCH. 
Proposal 10: Support the same number of UL SRS resources with two UL resource sets for S-DCI based SFN STxMP PUSCH. 
Proposal 2: Support selection criteria for capability value set index reporting where pairs of capability value indices in conjunction with pairs of SSB/CSI-RS resources are reported enabling simultaneous STxMP for PUSCH.  
Proposal 3: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 4: Support for SDM based PUSCH UL SRS resource set configuration with usage ‘Non-codebook’, where two different UL SRS resource sets can be configured with different number of resources in each resource set. 
Proposal 5: For codebook based STxMP PUSCH, the UE shall not assume that the nrofSRS-Ports for the two indicated SRS resources to be the same for the two indicated SRS resources. 
Proposal 6: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 7: Do not confirm the following working assumption:
RAN1#112: 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

Proposal 8: Support the following interpretation in SDM scheme for each codepoint of “SRS resource set indicator”:
· Codepoint 00: single panel transmission to first TRP according to first resource set
· Codepoint 01: single panel transmission to second TRP according to second resource set
· Codepoint 10: two-panel transmission (SDM) to single-TRP according to first and second resource sets
· Codepoint 11: two-panel transmission (SDM) to multi-TRP according to first and second resource sets

Proposal 9: Support up to 4 layers for S-DCI based SFN STxMP PUSCH. 
Proposal 10: Support the same number of UL SRS resources with two UL resource sets for S-DCI based SFN STxMP PUSCH. 
Proposal 11: Support amended antenna port indication tables Table 1 (DMRS type-1) and Table 2 (DMRS type-2) for Rel-18 STxMP PUSCH.


Proposal 12: For S-DCI based STxMP PUSCH with, support allocation of the amount of DMRS symbols by using legacy symbol positions per TRP/beam pair link 
· FFS: details how to support it.

Proposal 13: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 12: For S-DCI based STxMP PUSCH with, support allocation of the amount of DMRS symbols by using legacy symbol positions per TRP/beam pair link 
· FFS: details how to support it.

Proposal 13: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 14: Support DCI based indication for M-DCI STxMP PUSCH to inter-change CoresetPoolIndex values between two UL SRS resource sets
Proposal 15: Support implicit association between CORESETPoolIndex and SRS resource set for DG-PUSCH and type 2 CG-PUSCH based on CORESETPoolIndex of the scheduling DCI.   
Proposal 16: 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 17: Agree firstly common supported layer combination set for both S-DCI and M-DCI based STxMP PUSCH. After this, the number of indicated SRIs and configured SRS resources for non-codebook usage can be defined.
Proposal 18: Before defining any per antenna panel specific restriction on the number of layers, different layer combinations need to be clarified for M-DCI based STxMP PUSCH. 
Proposal 19: Support antenna panel specific codebooks for M-DCI based STxMP PUSCH based on UE capability. 
Proposal 20: 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 21: For multi-DCI based STxMP PUSCH+PUSCH, if a UCI carried in a PUCCH overlaps with the two PUSCHs, the UCI should be multiplexed on the PUSCH that corresponds to the same TRP as the PUCCH.
· For dynamically scheduled PUSCH and configured-grant Type 2 PUSCH, the correspondence/association of PUSCH to a TRP could be determined based on the CORESETPoolIndex that includes the CORESET used for transmitting the PDCCH scheduling the PUSCH.
· FFS how to determine the correspondence/association of a PUCCH to a TRP, which depends on the outcome of some PUCCH related discussions under 9.1.1.1.


Proposal 22: 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 baseline.

Proposal 23: 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.

Proposal 24: Support at least Assumption 1: Power limitation per panel for STxMP.
Proposal 25: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes, including simultaneous UL transmissions, such as (i) number of PHRs to report at a given time and which UL scheme to use for the calculation of the PHR(s), and (ii) the cases where the UE is not configured with two-PHR mode.
Proposal 26: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.  
Proposal 27: Discuss prioritization operation for transmission power reductions for the CA case, considering the specified operation in Sec 7.5 in TS 38.213 and taking into account the support of Rel-18 STxMP.  


[bookmark: _Ref525556233]References   
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Appendix A
[bookmark: _Ref115436687]Table 3: LLS assumptions
	Parameter
	Value

	Carrier frequency
	 30GHz

	Subcarrier spacing
	 120 kHz 

	System bandwidth 
	 8 RBs

	Waveform
	 CP-OFDM

	Transmission mode
	 Single panel: rank 2 and 4 
 Multi panel: rank 1 + rank 1, rank 2 + rank 2

	UE Antenna configuration
	 two Tx panels: (M,N,P,Mg,Ng ) = (2,4,2,1,2)
 single Tx panel: (M,N,P,Mg,Ng ) = (2,4,2,1,1)   

	BS Antenna configuration
	 (M,N,P,Mg,Ng ) = (4,8,2,1,2)

	BS 
	 Single TRP and multi TRP

	Precoder configuration
	 SVD per panel

	Slot structure
	 14 symbols (2 symbols for DMRS, 10 symbols for data) 

	MCS
	 MCS2 and MCS4

	Channel estimator
	 2x1D (FD: Wiener, TD: linear)

	Channel model
	 CDL-D 100ns, CDL-C 30ns

	UE/BS position
	 UE antenna position (350m,0m), BS antenna position (0m,0m) and (700m,0m)

	BS antenna angles
	 BS panel bearing angles 0o and -180o

	UE antenna angles
	UE panel bearing angles  0o + i  (Panel 1) and -180o + i (Panel 2), i  = [0o]. No panel selection, fixed angle used throughout simulation. 



Appendix B 
Numerical Results for single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation
[image: ]
Figure B.1: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation (Pmulti = 2Psingle) in CDL-D channel.

Observation B.1: Allowing multi-panel transmission to use power Pmulti = 2Psingle, performance difference is significant to single-panel case, e.g. gain between +5dB up to +12dB. With this assumption the gains from multi-panel transmission are clear for both sTRP and mTRP. 
Observation B.2: Multi-panel to sTRP provides significantly better performance (+5dB gain) than single panel to sTRP. 
[image: ]
Figure B.2: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation (Pmulti = 2Psingle) in CDL-C channel.
Observation B.3: Allowing multi-panel transmission to use power Pmulti = 2Psingle, we can see 1-2 dB gain from multi-panel transmission. 
Observation B.4: Similarly, as in LOS case, with joint power limitation there is gain from multi-panel transmission for both sTRP and mTRP scenarios.
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