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Introduction
In RAN1 #112b, the following agreements on simultaneous multi-panel transmission have been achieved.
	Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.

Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.

Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability

Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator

Conclusion
· RAN1 has no consensus to support the following in Rel-18:
· Configure different number of SRS resources in the two SRS resource sets for CB (if fullpowermode 2 is not configured) or NCB for single-DCI based STxMP transmission.
· For CB PUSCH, the two SRS resources indicated by two SRI fields for single-DCI based STxMP transmission can have different number of SRS ports. 
· For the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH in Rel-18, 
· Legacy Rel-17 specification is reused with respect to the maximal number of SRS resources/ports in each set
FFS: whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.

Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.






In this contribution, we provide some discussions on simultaneous multi-panel transmission.

STxMP on PUSCH
Single DCI based STxMP
SDM scheme
Maximum number of layers for sTRP and SDM
In RAN1 #111, the following working assumption on maximum number of layers for sTRP and mTRP was achieved.
	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




One open issue is whether to enable the same number of ports for SDM and PUSCH. This could depend on whether such same number of ports could provide the performance benefit or not. Figure 1 illustrates the system level results for single-TRP operation with 2-port per panel and 4-port per panel. The detailed simulation assumption is shown in Table A-1 in appendix. For 4-port per panel operation, the following two cases were studied:
· Case 1: 4-port per panel based on the same transmission power as the 2-port per panel case, i.e., the power control is based on 2 Rx port per panel
· Case 2: 4-port per panel with higher transmission power, where the power control is based on 4 Rx port per panel
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Figure 1: Simulation results for sTRP operation with 2-port per panel and 4-port per panel
It can be observed that 4-port per panel with same transmission power can cause performance loss compared to 2-port per panel case, and 4-port per panel with higher transmission power can bring in performance benefit for cell center UEs, but it can cause performance loss for cell edge UEs. Therefore, it is unnecessary to introduce additional spec impact on the same number of ports for sTRP and mTRP operation.
Further, in RAN1 #112b, the following was proposed by not agreed.
	Proposal 1.3: 
For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, 
· Option 1: Support enhancement to enable this case and down-select one from the following alternative solutions:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.
· Alt2: The gNB configures SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission. For example, the gNB configures one 4-port SRS resource (for sTRP transmission) and one 2-port SRS resource (for STxMP SDM/SFN transmission) in one SRS resource set
· Alt3: The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed/semi-static subset of the SRS ports. The gNB configures SRS resources with P ports. When the STxMP SDM/SFN scheme is indicated, each TPMI indicates precoder(s) with P/2 ports that correspond to a fixed/semi-static P/2 ports of the indicated SRS resource.
· Alt4: UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN.
· Alt5: When the gNB indicates a coherent precoder for STxMP SDM/SFN transmission, the UE applies zeros to some row(s) in the precoder so that only part of the ports are used for STxMP SDM/SFN.
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· Note: If RAN1 cannot make a down-selection in RAN1#113, the above feature will not be supported in Rel-18. 




The proposal above is mainly about the precoder indication. But the first problem is that the status of shared ports could be dynamically changed due to UE power saving, overheating, MPE and so on. The ports may be shared across some panels, but the UE may not be able to share the ports for some other panels as shown in Figure 2. Further, the shared ports could break all the existing rules on simultaneous transmission. The UE may not be able to support the simultaneous transmission for some uplink signals in CA, e.g., PUSCH from multi-panel + PUSCH from single-panel, although such simultaneous transmission behavior is supported currently. Since the shared ports could cause a lot of issues for further study, it is not preferred to introduce this feature at the late stage.
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Figure 2: One possible antenna structure for STxMP
Proposal 1: Do not introduce additional spec impact on the same number of ports for sTRP and mTRP operation in Rel-18.

PT-RS for SDM scheme
For SDM operation, the UE transmits the uplink signal from two panels. Usually, two PT-RS ports should be necessary. However, it still depends on the UE architecture on whether the two panels share the same oscillator or not. Therefore, it is better to introduce a UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Another issue is whether the PT-RS from one panel needs to be orthogonal with the PUSCH from the other panel, i.e., whether the REs for PT-RS in one panel can be available for PUSCH form the other panel. As the two panels are with opposite direction and different NW-UE beam pairs can be applied, such mutual interference between PT-RS and PUSCH could not be severe. Further, if the REs for PT-RS in one panel are not available for the PUSCH from the other panel, the UE may not be able to perform power boosting for the PT-RS as it cannot support cross-panel power borrowing. Therefore, it is unnecessary to reserve the resources from one panel to the PT-RS. 
Proposal 2: Support the UE to report the UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Proposal 3: The REs for PT-RS corresponding to one TPMI/SRIs are “available” for PUSCH resource mapping corresponding to another TPMI/SRI. 

SFN scheme
For SFN scheme, the following on SRS configuration was agreed in RAN1 #111.
	Agreement
For single-DCI based STxMP SFN scheme,
· Alt2: When maxNrofPorts = 2 is configured for PTRS in SFN scheme, the actual number of PTRS port(s) in SFN is determined by the 1st TPMI field for CB or 1st SRI field for NCB
· Each PTRS port is transmitted in SFN manner




One remaining issue is how to indicate the PT-RS and DMRS association. For SFN scheme, the gNB can indicate two precoders. However, the strongest layer for each indicated precoder could be different. Then to make sure the PT-RS is associated with the strongest layer, a layer swap indicator can be introduced for the second indicated precoder so as to construct the strongest layer for PT-RS and DMRS port association as shown in Figure 2. Such layer swap indicator could be indicated based on the ‘11’ of the SRS resource set selection field.
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Figure 2: Layer swapping to construct the strongest layer for PT-RS and DMRS port association
Proposal 4: For SFN scheme, support to indicate layer swapping for the second indicated precoder in DCI to construct the strongest layer for both indicated precoders for PT-RS and DMRS port association.
· Support to indicate the layer swapping for the second indicated TPMI by ‘11’ of the SRS resource set selection field

Multi-DCI based STxMP
Power sharing for two scheduled PUSCHs
For mDCI based STxMP, it is possible that the gNB schedules the two PUSCHs overlaps in time domain. Then the total transmission power in overlapped symbols may exceed the maximum transmission power as shown in Figure 3. When determining the transmission power for the PUSCH scheduled by the first DCI, the UE may or may not have decoded the second DCI, then it may or may not be able to determine the transmission power for the first scheduled PUSCH with regard to the second scheduled PUSCH. The UE may not be able to perform the dynamic power sharing for the two scheduled PUSCH, since the UE may not be able to “look ahead” a potential second scheduled PUSCH when determining the transmission power for the first scheduled PUSCH. Therefore, it is necessary to study the power sharing operation for the two scheduled PUSCHs.
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Figure 3: A potential issue for power sharing for two scheduled PUSCHs in mDCI mode
Proposal 5: RAN1 shall study the power sharing for the PUSCHs from different panels.
Proposal 6: UE shall not be mandated to perform dynamic power sharing for the PUSCHs from different panels.

UCI multiplexing
In RAN1 #112b, the following on UCI multiplexing was agreed.
	Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.




For option 1 and option 3 (separate HARQ-ACK feedback case), the definition of “same TRP” could be a bit unclear. For PUCCH, it is unclear whether “same TRP” considers the scheduling PDCCH or the content for the UCI, e.g., the associated CORESETPoolIndex for the HARQ-ACK. Further a PUCCH may carry the UCI from multiple CCs. Such CCs may be configured with single-TRP or multi-TRP operation. If the PUCCH is used to carry the UCI from CCs with single-TRP operation only, how to identify the “same TRP” would be unclear. Therefore, compared to option 1 and option 3, option 2 could be a simple solution, where the network could decide which PUSCH(s) for UCI multiplexing by scheduling.
Proposal 7: For UCI multiplexing on mDCI based PUSCH, support option 2 (the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in these two PUSCHs

DFT-s-OFDM waveform
In RAN1 #112b, it was proposed to support STxMP based on DFT-s-OFDM waveform, and stated that this has no spec impact. However, since the dynamic waveform switching is supported in UL coverage enhancement, the mDCI based STxMP also needs to consider the impact from dynamic waveform switching. Since there are still a lot of issues to be finalized for CP-OFDM waveforms, it is preferred to defer the mDCI based DFT-s-OFDM waveform related discussion after more details on CP-OFDM based STxMP in MIMO agenda and dynamic waveform selection in uplink coverage enhancement agenda are finalized.
Proposal 8: Defer the mDCI based DFT-s-OFDM waveform related discussion after more details on CP-OFDM based STxMP in MIMO agenda and dynamic waveform selection in uplink coverage enhancement agenda are finalized.

Beam report for STxMP
In RAN1 #112b, the following on beam report enhancement for STxMP was agreed.
	Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator




The difference between Alt1 and Alt3 is whether the UE can report the two beams can also be received simultaneously. However, the key information is still to indicate whether the two beams are associated with the same or different UL Tx spatial filters or not. The status for the DL reception and UL transmission for the two beams should be the same. Therefore, Alt1 should be preferred.
Proposal 9: For group-based L1-RSRP reporting enhancement, support Alt1 (In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously)
· Support the UE report an indicator per reported pair to indicate whether the CRIs/SSBRIs are associated with the same or different UL Tx spatial filters
Conclusion
In this contribution, we provided discussion on STxMP enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Do not introduce additional spec impact on the same number of ports for sTRP and mTRP operation in Rel-18.
Proposal 2: Support the UE to report the UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Proposal 3: The REs for PT-RS corresponding to one TPMI/SRIs are “available” for PUSCH resource mapping corresponding to another TPMI/SRI. 
Proposal 4: For SFN scheme, support to indicate layer swapping for the second indicated precoder in DCI to construct the strongest layer for both indicated precoders for PT-RS and DMRS port association.
· Support to indicate the layer swapping for the second indicated TPMI by ‘11’ of the SRS resource set selection field
Proposal 5: RAN1 shall study the power sharing for the PUSCHs from different panels.
Proposal 6: UE shall not be mandated to perform dynamic power sharing for the PUSCHs from different panels.
Proposal 7: For UCI multiplexing on mDCI based PUSCH, support option 2 (the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in these two PUSCHs
Proposal 8: Defer the mDCI based DFT-s-OFDM waveform related discussion after more details on CP-OFDM based STxMP in MIMO agenda and dynamic waveform selection in uplink coverage enhancement agenda are finalized.
Proposal 9: For group-based L1-RSRP reporting enhancement, support Alt1 (In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously)
· Support the UE report an indicator per reported pair to indicate whether the CRIs/SSBRIs are associated with the same or different UL Tx spatial filters

Appendix
Table A-1: Simulation Assumption
	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
	Stationary UEs


	Maximum UE Tx Power
	23 dBm 



	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


	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) = (1, 4, 2, 1, 2), dH = 0.5 λ 


	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
	Full buffer

	Control and RS overhead
	2 symbol overhead per slot

	Scheduler
	PF

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO, rank 2


	Transmission scheme
	Codebook based 

	MCS
	MCS Table 1

	HARQ
	Up to 3 retransmissions

	Power control parameters
	P0 = -80 dBm, alpha = 0.8
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Total transmission power exceeds the maximum transmission power











