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1. Introduction
In previous meetings, following agreements were made for STxMP [1][2].
	 Working assumption
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
Agreement 
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2}  
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.
Agreement
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.
Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports
Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme
Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
· FFS the indication of dynamic switching
· FFS: max number of layers when switching to sTRP transmission
Agreement
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.
Agreement
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate coresetPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH
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
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 SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18



In this contribution, we discuss enhancements on STxMP PUSCH and STxMP PUCCH schemes.
2. Discussion on multi-panel PUSCH transmission 
2.1 STxMP PUSCH in S-DCI M-TRP  
For STxMP PUSCH in S-DCI M-TRP, following working assumption was made in the last meeting. 
	Working assumption
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.



[bookmark: _Hlk115450266]STxMP SDM scheme is beneficial for throughput improvement. For SDM scheme, whether 1CW or 2CWs is transmitted in a PUSCH was discussed. A benefit of transmitting 2CW is that MCS can be indicated per CW, i.e., indicated per panel/TRP. Considering that the channel condition between two panels and two TRPs can be different, the best MCS for two panels/TRPs can be different. System level simulation is performed to evaluate the throughput of single panel Tx, STxMP SDM scheme with 1CW and STxMP SDM scheme with 2CWs. The simulation assumptions are given in Table I in appendix. In the simulation, for single panel Tx, the panel with the best signal strength is selected. For SDM scheme, dynamic switching between single panel Tx and STxMP SDM scheme is used. For SDM scheme with 2CWs, per CW MCS is used. The simulation results are shown in Table I. From the simulation results, it can be observed that in both low RU and high RU cases SDM scheme with 2CWs provides performance gain compared to single panel Tx. SDM scheme with 1CW outperforms single panel Tx in low RU case, while in high RU case, SDM scheme 1CW provides some performance gain compared to single panel Tx for average throughput and has performance loss for 5%-ile UE. SDM scheme with 2CWs outperforms SDM with 1CW in both low RU and high RU cases and especially in high RU case. Thus, SDM scheme should be supported and SDM scheme with 2CWs should be supported.
Table I. Throughput performance of STxMP PUSCH SDM scheme
	RU
	(Mbps)　
	Single panel Tx
	SDM scheme (1CW)
	SDM scheme
(2CW)

	20%
	Avg. UPT
	251.02

	266.19
6.04% (↑)
	272.07
8.39% (↑)

	
	5% UPT
	81.84

	90.69
10.81% (↑)
	95.33
16.48% (↑)

	50%
	Avg. UPT
	193.95

	198.42
2.31% (↑)
	209.62
8.08% (↑)

	
	5% UPT
	46.80

	43.24
-7.60% (↓)
	58.97
26.01% (↑)


Observation 2.1:  
· SDM scheme with 2CWs provides performance gain compared to single panel Tx in both low RU and high RU cases. 
· SDM scheme with 1CW outperforms single panel Tx in low RU case. SDM scheme 1CW provides some performance gain compared to single panel Tx for average throughput and has performance loss for 5%-ile UE in high RU case. 
· SDM scheme with 2CWs outperforms SDM with 1CW in both low RU and high RU cases and especially in high RU case. 
Proposal 2.1:  
· Confirm the following working assumption. 
· Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:  
· SDM scheme
Proposal 2.2:  
· Support SDM scheme with 2CWs.
To support STxMP PUSCH SDM scheme with 2CW, enhancements related to 2CW need to be studied. A working assumption was made to support 2CW in 8Tx. For some enhancements, e.g., per CW MCS/NDI/RV indication and UCI multiplexing, common design can be used for STxMP SDM and 8Tx, and the enhancements in 8Tx can be reused for STxMP SDM. On the other hand, since 2CW in 8Tx is supported for rank>4, for STxMP SDM scheme CW-to-layer mapping for rank<=4 needs to be studied, e.g., in case of rank=2, layer#0 and #1 can be mapped to CW#0 and #1, respectively.  
Proposal 2.3:
· For STxMP PUSCH SDM scheme with 2CW, 
· reuse the enhancements for 2CW in 8Tx, if applicable.
· study CW-to-layer mapping for rank<=4.
For STxMP SDM scheme, configuration of max rank was discussed. Considering that two panels may have different capability of max rank, separate configuration of max rank for two panels should be supported. Furthermore, for each panel, the max rank supported for STxMP SDM and for single panel Tx can be different. For example, considering a panel with 4 antenna ports, in case of single panel Tx, the max rank of the panel can be up to 4, while in STxMP SDM, the max rank of the panel in STxMP SDM may be up to 2 due to the limitation that the total number of layers across two panels is up to 4. Thus, for each panel, separate configuration of max rank for STxMP SDM and for single panel Tx should be supported. An example of max rank configuration is shown in Table II.
Table II. Example of max rank configuration
	
	Max rank for single panel Tx
	Max rank for STxMP

	Panel#1
	4
	2

	Panel#2
	2
	2


Proposal 2.4:  
· For STxMP SDM scheme in S-DCI M-TRP, 
· Support separate configuration of max rank for different panel.
· For each panel, support separate configuration of max rank for STxMP SDM and single panel Tx.
For STxMP SDM scheme, it was agreed to support two SRS resource sets for CB/NCB PUSCH, two TPMI fields for CB PUSCH, two SRI fields for NCB PUSCH. SRI indication for CB PUSCH in STxMP SDM was discussed. Similar as TPMI field and SRI field for NCB PUSCH, for CB PUSCH two SRI fields can be indicated.
Proposal 2.5:  
· For STxMP SDM scheme in S-DCI M-TRP, support two SRI fields for CB PUSCH.  
Dynamic switching between STxMP SDM scheme and single panel Tx was supported. How to indicate the dynamic switching was discussed. In Rel-17 M-TRP, dynamic switching between M-TRP and S-TRP is indicated by SRS resource set indicator field. For STxMP SDM scheme, the SRS resource set indicator field can be reused. On the other hand, in Rel-17 M-TRP, index ‘10’ and ’11’ of SRS resource set indicator field are used for TRP order switching, while TRP/panel order switching may not be needed for STxMP SDM scheme. Thus, for STxMP SDM scheme, bit field ‘11’ of SRS resource set indicator field can be reserved. An example is shown in Table III.
Table III. Example of SRS resource set indicator field for dynamic switching between STxMP SDM scheme and single panel Tx.
	Bit field mapped to index
	SRS resource set indication

	0
	Single panel Tx associated with 1st panel/1st SRS resource set

	1
	Single panel Tx associated with 2nd panel/2nd SRS resource set

	2
	STxMP SDM scheme

	3
	Reserved 



Proposal 2.6:  
· Reuse SRS resource set indicator field for dynamic switching between S-DCI based STxMP SDM scheme and single panel Tx. Bit field ‘11’ of SRS resource set indicator field can be reserved.
Furthermore, with dynamic switching between STxMP SDM and single panel Tx, when single panel Tx is indicated, which TPMI field/SRI field is applied needs to be studied. In Rel-17 M-TRP, when S-TRP is indicated, 1st TPMI field/SRI field is applied. However, for STxMP SDM, there are some differences compared to Rel-17 M-TRP which need to be considered. In Rel-17, two CB/NCB SRS resource sets have same number of SRS resources and max rank is common for two TRPs and common for M-TRP and S-TRP, while for STxMP SDM, two CB/NCB SRS resource sets may have different number of SRS resources, and as analyzed above, the max rank may be different for two panels and the max rank may be different for STxMP SDM and single panel Tx. 
For SRI field in CB PUSCH, when single panel Tx is indicated, following options can be considered. 
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
The size of SRI field for CB PUSCH depends on the number of SRS resources in an SRS resource set. With option1, if two SRS resource sets can be configured with different number of SRS resources, different size of 1st SRI field will be required in case STxMP, single panel Tx with 1st SRS resource set, or single panel Tx with 2nd SRS resource set is indicated. One possible solution is that the size of 1st SRI field dynamically changes according to the dynamic switching between STxMP and single panel Tx, meanwhile, the size of 2nd SRI field may also dynamically change in order to keep the total size of DCI constant, which is complex. Another possible solution is to assume the size of first SRI field as max of the size required for STxMP, single panel Tx with 1st SRS resource set and single panel Tx with 2nd SRS resource set, which may cause increase of DCI overhead.
Proposal 2.7:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for SRI field indication in CB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
For TPMI field in CB PUSCH, when single panel Tx is indicated, following options can be considered. 
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st TPMI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd TPMI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd TPMI field are interpreted jointly, e.g., 1st TPMI field as MSB and 2nd TPMI field as LSB.
The size of TPMI field depends on the max rank, number of antenna ports and full power mode. Similar as analyzed above for SRI field, with option1, if different max rank/antenna port/full power mode can be configured for two panels, or different max rank can be configured for STxMP SDM and single panel Tx, different size of 1st TPMI field will be required in case STxMP, single panel Tx with 1st SRS resource set, or single panel Tx with 2nd SRS resource set is indicated. With option2, if different max rank can be configured for STxMP SDM and single panel Tx, different size of 1st TPMI field will be required in case STxMP or single panel Tx with 1st SRS resource set is indicated, and different size of 2nd TPMI field will be required in case STxMP or single panel Tx with 2nd SRS resource set is indicated. With option3, the size of TPMI field remains unchanged but it requires new joint interpretation of the two TPMI fields.
Proposal 2.8:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for TPMI field indication in CB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st TPMI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd TPMI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd TPMI field are interpreted jointly, e.g., 1st TPMI field as MSB and 2nd TPMI field as LSB.
For SRI field in NCB PUSCH, when single panel Tx is indicated, following options can be considered. 
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd SRI field are interpreted jointly, e.g., 1st SRI field as MSB and 2nd SRI field as LSB.
The size of SRI field in NCB PUSCH depends on the max rank, number of SRS resources in an SRS resource set. Similar as analyzed above for SRI field and TPMI field for CB PUSCH, with option1, if different max rank/number of SRS resources can be configured for two panels, or different max rank can be configured for STxMP SDM and single panel Tx, different size of 1st SRI field will be required in case STxMP, single panel Tx with 1st SRS resource set, or single panel Tx with 2nd SRS resource set is indicated. With option2, if different max rank can be configured for STxMP SDM and single panel Tx, different size of 1st SRI field will be required in case STxMP or single panel Tx with 1st SRS resource set is indicated, and different size of 2nd SRI field will be required in case STxMP or single panel Tx with 2nd SRS resource set is indicated. With option3, the size of SRI field remains unchanged but it requires new joint interpretation of the two SRI fields.
Proposal 2.9:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for SRI field indication in NCB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd SRI field are interpreted jointly, e.g., 1st SRI field as MSB and 2nd SRI field as LSB.
For indication of DMRS ports in STxMP SDM scheme, it was agreed that DCI field ‘Antenna Ports’ is reused, and the total number of layers L indicated by two TPMI fields/SRI fields is used to determine the DMRS port indication table. Whether DMRS ports for two panels can be within the same or different CDM group was discussed. For STxMP SDM scheme, interference from the other panel will be tolerable, thus, there is no issue if DMRS ports of two panels/TRPs are within the same CDM group. Thus, DMRS port indicated for two panels/TRPs can be either within the same or different CDM group. For association between DMRS ports and two panels/TRPs, a straightforward way is that the first L1 of the indicated DMRS ports can be associated with the L1 PUSCH layers indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L-L1 of the indicated DMRS ports can be associated with the L-L1 PUSCH layers indicated by the second TPMI field for CB PUSCH or the second SRI field for NCB PUSCH.
Proposal 2.10:  
· For STxMP SDM scheme in S-DCI M-TRP, DMRS port indicated for two panels/TRPs can be either within the same or different CDM group.
· The first L1 of the indicated DMRS ports can be associated with the L1 PUSCH layers indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L-L1 of the indicated DMRS ports can be associated with the L-L1 PUSCH layers indicated by the second TPMI field for CB PUSCH or the second SRI field for NCB PUSCH.

2.2 STxMP PUSCH in M-DCI M-TRP  
For M-DCI M-TRP, STxMP PUSCH+PUSCH was supported, and it was agreed to configure two SRS resource sets. Association between PUSCH and SRS resource set needs to be determined. For DG/type2 CG PUSCH, the associated SRS resource set can be determined based on the CORESETPoolIndex of the scheduling/activation DCI. The SRS resource set with lower/higher ID can be associated with CORESETPoolIndex=0/1, respectively. For type1 CG PUSCH, the associated SRS resource set can be configured in CG configuration.
Proposal 2.11:  
· For M-DCI based STxMP, 
· for DG/type2 CG PUSCH, the associated SRS resource set is determined based on the CORESETPoolIndex of the scheduling/activation DCI. The SRS resource set with lower/higher ID can be associated with CORESETPoolIndex=0/1, respectively.
· for type1 CG PUSCH, the associated SRS resource set is configured in CG configuration. 

3. Discussion on multi-panel PUCCH transmission
3.1 STxMP PUCCH in S-DCI M-TRP  
For STxMP PUCCH in S-DCI M-TRP, following schemes can be considered to for reliability improvement.
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasion of the same UCI with the same PUCCH format are transmitted from two different UE panels
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously.
In Rel-17, TDM M-TRP PUCCH repetition was supported. Compared to Rel-17 TDM PUCCH repetition, FDM-A/FDM-B/SFN scheme can be beneficial for latency reduction. For FDM-A scheme, different frequency parts of one PUCCH are transmitted by two panels to TRPs respectively, hence a drawback is that if one panel/TRP is blocked, the PUCCH may not be decoded successfully. Considering specification impact, for SFN scheme, per panel/TRP beam indication can be supported with extension of unified TCI framework. For FDM scheme, in addition to per panel/TRP beam indication, frequency domain resource allocation needs to be considered. For FDM-A, the association between frequency parts of a PUCCH resource and two panels/TRPs needs to be studied. For FDM-B, resource allocation of two repetitions needs to be studied. Configuring two sets of frequency domain resources for one PUCCH resource or indicating two PUCCH resources for a PUCCH transmission needs to be considered, which may bring more spec. impact. Thus, for STxMP PUCCH in S-DCI M-TRP, SFN scheme is preferred. 
Link-level simulation is performed to evaluate the performance of Rel-17 M-TRP TDM repetition and SFN scheme. The simulation assumptions are given in Table II in appendix. The simulation results are shown in Figure3 and Figure4 for PUCCH format 1 and format 3 respectively. In the figures, “SFN XdB” shows the results assuming each TRP receives signals from both panels and for each TRP the signal from the other panel is assumed to be XdB lower than the signal from its best panel. The results of X=6dB and X=20dB are shown. “SFN w/o” in the figures shows the results assuming each TRP only receives signal from its best panel. From the simulation results, it can be observed that for both PUCCH format 1 and format 3, when X=6dB or X=20dB or when each TRP only receives signal from the best panel, SFN is about 1dB worse than TDM repetition. On the other hand, SFN scheme has lower latency than TDM repetition. Thus, STxMP SFN scheme can be considered
 [image: ]
Figure1. BLER performance of STxMP PUCCH SFN scheme for PUCCH format 1
 [image: ]
Figure2. BLER performance of STxMP PUCCH SFN scheme for PUCCH format 3

Observation 3.1:  
· For both PUCCH format 1 and format 3, when X=6dB or X=20dB or when each TRP only receives signal from the best panel, SFN scheme is about 1dB worse than TDM repetition.
Proposal 3.1:  
· For STxMP PUCCH in S-DCI M-TRP, PUCCH SFN scheme can be considered, i.e., the same PUCCH is transmitted from two different UE panels simultaneously.
3.2 STxMP PUCCH in M-DCI M-TRP
For STxMP PUCCH in M-DCI M-TRP, transmitting two PUCCH resources overlapped in time to different TRPs with different UE panels can be considered. In Rel-17, when two PUCCH transmissions overlap, UE resolves the overlapping by multiplexing the UCIs in one PUCCH or dropping one of the PUCCHs following certain rules. With simultaneous multi-panel Tx, allowing simultaneous transmission of two overlapped PUCCHs associated different panel/TRP can be considered. To support simultaneous transmission of two overlapped PUCCHs associated with different panel/TRP, following enhancements on UCI multiplexing procedure can be considered. In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.
Proposal 3.2:  
· For STxMP PUCCH in M-DCI M-TRP, support transmitting two PUCCH resources that are overlapped in time to different TRPs with different UE panels. Following enhancement can be considered for UCI multiplexing procedure. 
· In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.

4. Conclusion
In this contribution, we discussed enhancements on simultaneous multi-panel transmission. Based on the discussion, we made following proposals.
Observation 2.1:  
· SDM scheme with 2CWs provides performance gain compared to single panel Tx in both low RU and high RU cases. 
· SDM scheme with 1CW outperforms single panel Tx in low RU case. SDM scheme 1CW provides some performance gain compared to single panel Tx for average throughput and has performance loss for 5%-ile UE in high RU case. 
· SDM scheme with 2CWs outperforms SDM with 1CW in both low RU and high RU cases and especially in high RU case. 
Proposal 2.1:  
· Confirm the following working assumption. 
· Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:  
· SDM scheme
Proposal 2.2:  
· Support SDM scheme with 2CWs.
Proposal 2.3:
· For STxMP PUSCH SDM scheme with 2CW, 
· reuse the enhancements for 2CW in 8Tx, if applicable.
· study CW-to-layer mapping for rank<=4.
Proposal 2.4:  
· For STxMP SDM scheme in S-DCI M-TRP, 
· Support separate configuration of max rank for different panel.
· For each panel, support separate configuration of max rank for STxMP SDM and single panel Tx.
Proposal 2.5:  
· For STxMP SDM scheme in S-DCI M-TRP, support two SRI fields for CB PUSCH.  
Proposal 2.6:  
· Reuse SRS resource set indicator field for dynamic switching between S-DCI based STxMP SDM scheme and single panel Tx. Bit field ‘11’ of SRS resource set indicator field can be reserved.
Proposal 2.7:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for SRI field indication in CB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
Proposal 2.8:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for TPMI field indication in CB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st TPMI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd TPMI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd TPMI field are interpreted jointly, e.g., 1st TPMI field as MSB and 2nd TPMI field as LSB.
Proposal 2.9:  
· For STxMP SDM scheme in S-DCI M-TRP, with dynamic switching between STxMP and single panel Tx, when single panel Tx is indicated, consider the following options for SRI field indication in NCB PUSCH.  
· Option1: when single panel Tx associated with 1st/2nd SRS resource set is indicated, always apply the 1st SRI field.
· Option2: when single panel Tx associated with 1st/2nd SRS resource set is indicated, apply the 1st/2nd SRI field correspondingly.
· Option3: when single panel Tx associated with 1st/2nd SRS resource set is indicated, 1st and 2nd SRI field are interpreted jointly, e.g., 1st SRI field as MSB and 2nd SRI field as LSB.
Proposal 2.10:  
· For STxMP SDM scheme in S-DCI M-TRP, DMRS port indicated for two panels/TRPs can be either within the same or different CDM group.
· The first L1 of the indicated DMRS ports can be associated with the L1 PUSCH layers indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L-L1 of the indicated DMRS ports can be associated with the L-L1 PUSCH layers indicated by the second TPMI field for CB PUSCH or the second SRI field for NCB PUSCH.
Proposal 2.11:  
· For M-DCI based STxMP, 
· for DG/type2 CG PUSCH, the associated SRS resource set is determined based on the CORESETPoolIndex of the scheduling/activation DCI. The SRS resource set with lower/higher ID can be associated with CORESETPoolIndex=0/1, respectively.
· for type1 CG PUSCH, the associated SRS resource set is configured in CG configuration. 
Observation 3.1:  
· For both PUCCH format 1 and format 3, when X=6dB or X=20dB or when each TRP only receives signal from the best panel, SFN scheme is about 1dB worse than TDM repetition.
Proposal 3.1:  
· For STxMP PUCCH in S-DCI M-TRP, PUCCH SFN scheme can be considered, i.e., the same PUCCH is transmitted from two different UE panels simultaneously.
Proposal 3.2:  
· For STxMP PUCCH in M-DCI M-TRP, support transmitting two PUCCH resources that are overlapped in time to different TRPs with different UE panels. Following enhancement can be considered for UCI multiplexing procedure. 
· In case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.

Reference
[1] RAN1 Meeting #110 Chairman’s Notes, August 2022
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Appendix  
Table I: SLS assumptions for STxMP PUSCH in S-DCI M-TRP
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor


	UE speed
	3 km/hr for all UEs


	Maximum UE Tx Power
	Max TRP of 23 dBm and max EIRP 43 dBm per panel          


	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
2TxRU per panel, 12 beams

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180. The polarization angles are 0 and 90
2TxRU per panel, 8 beams

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8

	UE dropping
	Random

	UE and panel orientation
	Vertical but random in azimuth

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes (other value is not precluded).

	Control and RS overhead
	No control and RS overhead

	BF/Precoder scheme
	SVD

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO
Up to rank 4 for STxMP with 2 panels.

	Per panel power control and other issues that are affected by RF transmission chain architecture
	Per panel power control is assumed 

	Cross-link interference between 2 panels
	Cross-link interference between 2 panels is assumed 



Table II: LLS assumptions for STxMP PUCCH in S-DCI M-TRP
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz,

	Channel model
	CDL-A, DS=20ns

	BS antenna configuration
	2 TRP and 2 Rx ports per TRP

	UE antenna configuration
	2 panels and 2 Tx ports on each panel

	Blockage
	No blockage is assumed 

	PUCCH format
	Format 1 and 3. 

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB

	
	PUCCH Format 3: 4 symbols, 1 RB

	UCI payload 
	2 bits for PUCCH Format 1  
22bit for PUCCH format 3

	Frequency hopping
	No frequency hopping

	Number of repetitions (when applicable)
	2 for R17 M-TRP TDM repetition

	Receiver assumption
	MMSE



- 2/9 -
image1.png
BLER

PUCCH format1, 2bits

40 35 30 25 20 15 10 5 0

SNR (dB)
-e-TDM —=SFN(6dB) —=—SFN(20dB) —s—SFN(w/o)




image2.png
BLER

PUCCH format3, 22bits

2

2 20 18 16 14 12 10

SNR (dB)
-+-TDM ——SFN(6dB) —e—SFN(20dB)

——SFN(w/0)




