
3GPP TSG RAN WG1 #113			R1-2305588
Incheon, Korea, May 22nd – May 26th, 2023

Source:	NTT DOCOMO, INC.
Title:	Discussion on multi-panel transmission
[bookmark: Source]Agenda Item:	9.1.4.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In previous meetings, following agreements were made for STxMP [1].
	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
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 first 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
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 discuss enhancements on STxMP schemes.
2. Discussion on S-DCI based multi-panel PUSCH transmission 
For dynamic switching between STxMP SDM scheme and single panel Tx using “SRS resource set indicator” field, it was agreed that codepoints “00” and “01” indicate sTRP transmission and “10” indicates SDM transmission. Interpretation of “11” is FFS. In Rel-17 M-TRP TDM PUSCH repetition, index ‘10’ and ’11’ of SRS resource set indicator field are used for TRP order switching, i.e., index ‘10’ and ‘11’ indicates whether the first repetition is associated with first or second SRS resource set. However, TRP order switching by SRS resource set indicator field is not needed for STxMP SDM scheme. Thus, for STxMP SDM scheme, bit field ‘11’ of SRS resource set indicator field can be reserved.
Proposal 2.1:  
· For dynamic switching between STxMP SDM and single panel Tx, codepoint ‘11’ is reserved.
For dynamic switching between STxMP SFN scheme and single panel Tx, same as SDM, codepoint “11” can be reserved.
Proposal 2.2:  
· For dynamic switching between STxMP SFN and single panel Tx, codepoint ‘11’ is reserved.
For SRI/TPMI field design when the codepoints 00 and 01 indicate sTRP transmission, it was agreed to 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.
Working assumption was made for the max rank configuration for sTRP transmission and SDM transmission and different max rank can be configured for sTRP and SDM. Different max rank leads to different number of bits needed for SRI/TPMI indication for sTRP and SDM. Thus, the alternatives listed above will result in different DCI overhead. Since the size of DCI shall not dynamically change due to sTRP/SDM switching, the overhead of SRI/TPMI indication is expected to be the maximum of size of SRI/TPMI field(s) in sTRP and the size of SRI/TPMI fields in SDM. Assuming the number of bits needed for SRI/TPMI indication for sTRP is P1 and the number of bits needed for SRI/TPMI indication for one panel for SDM is P2, the overhead of SRI/TPMI indication with the four alternatives is shown in the following table.
Table I. Overhead of SRI/TPMI indication
	
	Overhead

	Alt.1
	max (P1, P2) + P2

	Alt.2
	max (P1, 2*P2)

	Alt.3
	max (P1, 2*P2)

	Alt.4
	2*max (P1, P2)


The comparison of overhead of the four alternatives is Alt.2=Alt.3<=Alt.1<Alt.4. Due to less overhead, Alt.2/3 is preferred.
Proposal 2.3:  
· For SRI/TPMI field design when the codepoints 00 and 01 indicate sTRP transmission, support Alt.2 or Alt.3.
· 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. If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature.
3. Discussion on M-DCI based multi-panel PUSCH transmission 
For M-DCI based STxMP PUSCH transmission, STxMP PUSCH+PUSCH transmission is supported. For UCI multiplexing when a PUCCH transmission overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH, it was agreed to down select from following options.
· 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.  
· 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.  
M-DCI based M-TRP framework may be used for both ideal backhaul and non-ideal backhaul cases. For non-ideal backhaul, multiplexing the UCI on the PUSCH associated with same TRP as the PUCCH is preferred, so that the UCI does not need to be transferred from one TRP to the other. For ideal backhaul, UCI can be multiplexed on PUSCH of either one of the TRPs, however, it is preferred to have a unified rule with non-ideal backhaul case. Thus, option1 is preferred.
Proposal 3.1:  
· For M-DCI based STxMP PUSCH+PUSCH, when a PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH, for UCI multiplexing, support option1, i.e., 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.  
4. Beam report for STxMP 
To support STxMP, gNB needs to be aware of whether two beams can be transmitted simultaneously by UE.  It was agreed to enhance the Rel-17 group-based beam reporting to support this feature and it was agreed to down select from following alternatives.
· 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.
In our views, a beam pair used for simultaneous Rx may not always be applicable for simultaneous Tx. In current spec., a beam pair that can be received simultaneously may be received with a single spatial domain receiver filter or multiple simultaneous spatial domain receiver filters. In addition, STxMP and simultaneous M-TRP DL Rx are two different features, hence group-based beam report for DL Rx and group-based beam reporting for STxMP do not need to be always enabled at the same time. Thus, Alt.2 is preferred, where group-based beam reporting for STxMP is independent from group-based beam report for DL Rx.
Proposal 4-1:
· For enhancement of group-based beam reporting for STxMP, support Alt.2, i.e., 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.

5. Conclusion
In this contribution, we discussed enhancements on simultaneous multi-panel transmission. Based on the discussion, we made following observation and proposals.
Proposal 2.1:  
· For dynamic switching between STxMP SDM and single panel Tx, codepoint ‘11’ is reserved.
Proposal 2.2:  
· For dynamic switching between STxMP SFN and single panel Tx, codepoint ‘11’ is reserved.
Proposal 2.3:  
· For SRI/TPMI field design when the codepoints 00 and 01 indicate sTRP transmission, support Alt.2 or Alt.3.
· 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. If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature.
Proposal 3.1:  
· For M-DCI based STxMP PUSCH+PUSCH, when a PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH, for UCI multiplexing, support option1, i.e., 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.  
Proposal 4-1:
· For enhancement of group-based beam reporting for STxMP, support Alt.2, i.e., 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.
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