[bookmark: OLE_LINK23][bookmark: _Ref494215420]3GPP TSG RAN WG1 #114	                                       	 R1-2306634
Toulouse, France, August 21st – August 25th, 2023
	
Agenda Item:     9.1.4.1
Source:	Spreadtrum Communications
Title:	             Discussion on UL precoding indication for multi-panel transmission
Document for:	Discussion and decision

Introduction
In this contribution, we will share our views on the remaining issues for simultaneous multi-panel UL transmission (STxMP) including single-DCI based and multi-DCI based multi-TRP operation, assuming up to two panels at UE side and up to two TRPs for PUSCH/PUCCH transmission in 3GPP Rel-18 NR MIMO evolution 

Discussion on STxMP for single-DCI based mTRP
Switching mechanism for STxMP PUSCH
	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
For the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission, support Alt1:
· 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.
· This design is also applied to the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission.

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.



In Rel-18, the dynamic switching between STxMP SDM/SFN and sTRP transmission is supported, where the SRS resource set indicator filed is used to indicate the sTRP or SDM/SFN transmission. It was agreed that the codepoints 00 and 01 indicate sTRP transmission. For sTRP transmission, the first SRI field and first TPMI field are associated with 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.  For the purpose of same DCI field size, the size of first TPMI/SRI field can be determined by the larger value between maxRank for sTRP and new maxRank for SDM/SFN scheme.
The STxMP SDM/SFN scheme is indicated by the codepoint 10. 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)/rank/SRI for the second SRS resource set. For codepoint 11, there is no motivation to introduce additional design and it can be reserved.
Proposal 1:
· For the TPMI/SRI field size for dynamic switching between STxMP SDM/SFN scheme and sTRP transmission,
· The size of first TPMI/SRI field is determined by the larger value between the maximal number of layers for sTRP and the maximal number of layers for SDM/SFN scheme.
· The size of second TPMI/SRI field is determined by the maximal number of layers for SDM/SFN scheme.
Proposal 2:
· For SRS resource set indicator field for dynamic switching between STxMP SDM/SFN scheme and sTRP transmission, the codepoint ‘11’ is reserved.

SRS resource set configuration for STxMP PUSCH
	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
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)

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.



In order to enable TRP-specific UL precoding indication, similar to mTRP TDM-based PUSCH repetition in Rel-17, two SRS resource sets are supported to be configured for CB or NCB, and the SRS resource set indicator field and two TPMI/SRI fields in DCI can be reused. In Rel-18, the number of SRS resources in these two SRS resource sets are same. Besides, for codebook-based PUSCH, the two SRS resources indicated by two SRI fields have the same number of SRS ports.
In Rel-18, the UE with symmetric panels is supported. It is not necessary to support different configurations with regards to full power mode and antenna port coherency type among SRS resource sets, which will increase the complexity of UE development and spec design, and the motivation and benefits are also unclear.
Proposal 3:
· Don’t support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.

PTRS-DMRS association for STxMP PUSCH
	Agreement
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

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

Agreement
Introduce an additional RRC parameter for the max number of PTRS ports for STxMP SDM scheme.



For SDM scheme of single-DCI based STxMP PUSCH transmission, 2 PTRS ports can be configured to track phase noise for non-coherent antenna ports for two UE panels respectively. The PTRS-DMRS association field is reused to indicate the PTRS-DMRS association for DMRS ports associated with two TPMI/SRI fields. The MSB indicates the association between PTRS port 0 and the DMRS port associated with the first TPMI/SRI field. The LSB indicates the association between PTRS port 1 and the DMRS port associated with the second TPMI/SRI field. If the number of layers indicated by TPMI/SRI field for a UE panel is 1, the corresponding bit in PTRS-DMRS association can be ignored. Based on PTRS-DMRS association field in DCI, the association between PTRS port and DMRS port can be determined, and in other words the association of PTRS port and SRS resource set is determined. 
For example, 2+2 layer combination for SDM scheme is scheduled for two panels, e.g. the first TPMI is indicated as  and the second TPMI is indicated as . The association between PTRS port 0 and the DMRS port for panel 1 is indicated by MSB in the PTRS-DMRS association field, where the DMRS ports are transmitted from the first antenna port and the second antenna port. While the association between PTRS port 1 and the DMRS port for panel 2 is indicated by LSB in the PTRS-DMRS association field, where the DMRS ports are transmitted from the first antenna port and the third antenna port. This is inconsistent with the legacy spec, where the PTRS port 0 is shared by the PUSCH antenna port 1000 and 1002, and the PTRS port 1 is shared by the PUSCH antenna port 1001 and 1003 as follows in 38.214. Therefore, it is necessary to clarify that the rule of PTRS port sharing for antenna ports in legacy spec is not applied to SDM scheme.
	For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
[bookmark: _Hlk512520180]-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
-	PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
[bookmark: _Hlk500758550]-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].



For SFN scheme of single-DCI based STxMP PUSCH transmission, the actual number of PTRS ports is determined by the first TPMI field for CB or first SRI field for NCB, where the PTRS port(s) is associated with both SRS resource sets and transmitted in SFN manner. We note that the agreement only defines how to determine the actual number of PTRS ports for SFN scheme and the SFN manner for each PTRS port. However, there is no relevant conclusion for PTRS association. There is a remaining issue that needs to be discussed, i.e. the association between PTRS port and DMRS port associated with two TPMI/SRI fields for SFN scheme, especially when the actual number of PTRS ports is 2.
In the above example, the number of PTRS ports is determined by the first TPMI as 2. If the association between PTRS port and DMRS port for panel 1 can be applied for both panels, the PTRS port 0 is associated with the DMRS port transmitted from the first antenna port, and the PTRS port 1 is associated with the DMRS port transmitted from the second antenna port. But for panel 2, two layers are transmitted from the first and third antenna ports which can be associated with PTRS port 0 according to legacy PTRS port sharing rule. It is not clear how to determine the PTRS port 1 association for panel 2. If the legacy rule of PTRS port sharing for antenna ports is not applied to SFN scheme, the PTRS port 1 can associated with the DMRS port transmitted from the third antenna port. So it is still necessary to clarify whether the legacy PTRS port sharing for antenna ports is applied to SFN scheme.
Proposal 4:
· For SDM scheme and SFN scheme, the PTRS port sharing rule for PUSCH antenna ports in legacy spec is not applied.
If the association between PTRS port and DMRS port for first panel is applied for both panels, when the strongest layers are different for two panels, the performance of phase noise tracking cannot be ensured. Similar to the principle of the association between PTRS port and DMRS port for SDM scheme, when the actual number of PTRS ports is 2, the association between two PTRS ports and DMRS ports associated with two TPMI/SRI fields can be indicated separately to ensure that each PTRS port can be associated with the strongest layer on each panel. For example, if the maximal number of layers is 2, the MSB in PTRS-DMRS association field is used to indicate the association between PTRS port 0 and the DMRS port associated with the first TPMI/SRI field, the LSB in PTRS-DMRS association field is used to indicate the association between PTRS port 1 and the DMRS port associated with  the second TPMI/SRI field. It is worth noting that two PTRS ports may be associated with the same strongest DMRS port on two panels. For the accuracy of phase noise tracking and interference reduction, different RE offsets can be used for PTRS port 0 and PTRS port 1.
Proposal 5:
· For SFN scheme of single-DCI based STxMP PUSCH transmission, when the actual number of PTRS ports is 2, the MSB in PTRS-DMRS association field is used to indicate the association between PTRS port 0 and the DMRS port associated with the first TPMI/SRI field, the LSB in PTRS-DMRS association field is used to indicate the association between PTRS port 1 and the DMRS port associated with  the second TPMI/SRI field.

Configuration for STxMP PUCCH
	Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission



In RAN1 #111 meeting, the SFN scheme for single-DCI based STxMP PUCCH transmission was supported. Similar to STxMP PUSCH, the switch between SFN scheme and the Rel-17 mTRP TDM scheme, and the switch between SFN scheme and sTRP transmission can be implemented by RRC configuration for each PUCCH resource. 
According to the agreements in 9.1.1.1, for single-DCI based MTRP, RRC configuration is used to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group. When two indicated joint/UL TCI states are applied to a PUCCH resource, the UL transmission scheme, i.e. SFN or TDM, can be determined based on a new RRC parameter.
For sTRP transmission, the PUCCH resource applying first or second joint/UL TCI state can be indicated by DCI. Thus, the switch between SFN scheme and sTRP transmission can be indirectly achieved by indicating different PUCCH resource applying two or one indicated joint/UL TCI state.
Proposal 6:
· Introduce a new RRC parameter per PUCCH resource applying two indicated joint/UL TCI states for switch between SFN scheme and TDM scheme.
· For sTRP transmission, the PUCCH resource applying one indicated joint/UL TCI state can be indicated by gNB.

Discussion on STxMP for multi-DCI based mTRP
Configuration for STxMP PUSCH+PUSCH
	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
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
· 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



Regarding the enabling of the multi-DCI based STxMP PUSCH+PUSCH, a remaining issue is whether an RRC parameter needs to be introduced to distinguish STxMP PUSCH+PUSCH and Rel-17 PUSCH TDM scheme. In Rel-17, the TDM scheme was designed for single-DCI based mTRP, where two SRS resource sets are configured and the second SRI field and SRS resource set indicator field are present in DCI. Even if Rel-17 spec does not restrict PUSCH TDM scheme in multi-DCI based mTRP, but there is no clear motivation and benefit to configure two different coresetPoolIndex values and two SRS resource sets for TDM scheme, which may impact on legacy spec. For multi-DCI based mTRP, following Rel-16, one SRS resource set can be configured to schedule the UE to repeatedly transmit PUSCH to a TRP by DCI without second SRI field and SRS resource set indicator field. So we can reach a common understanding of Rel-17 PUSCH TDM scheme in multi-DCI based mTRP, i.e. two different coresetPoolIndex values and one SRS resource set are configured. Based on the above discussion, it is not necessary to introduce an RRC parameter to distinguish between STxMP PUSCH+PUSCH and Rel-17 PUSCH TDM scheme. For multi-DCI based STxMP PUSCH+PUSCH, two SRS resource sets and two different coresetPoolIndex values are configured to implicitly indicate STxMP PUSCH+PUSCH. 
Proposal 7:
· When the UE is configured with two coresetPoolIndex values and two SRS resource sets, STxMP PUSCH+PUSCH is enabled, where the second SRI field and SRS resource set indicator field are not included in DCI.

Discussion on power control for STxMP
In Rel-15/Rel-16/Rel-17, the transmission power is calculated according to the same power control formulations in clause 7 of TS 38.213, which would not exceed the maximum allowed transmission power. However, when STxMP PUSCHs from different UE panels are transmitted, the transmission power of each PUSCH can be achieved independently as the legacy scheme. However, there is possibility that the sum power of the two PUSCHs may exceed the maximum allowed transmission power for one UE. Thus, enhancement on power control for STxMP PUSCH should be considered.
Proposal 8:
· For STxMP scheme, when the total transmission power of PUSCHs from different UE panels exceeds the maximum allowed transmission power per UE, power control enhancement should be considered. 
In Rel-17 for single-DCI based mTRP transmission, PHR reporting scheme is designed for TDM scheme. The similar principle can be reused for single-DCI based STxMP transmission, where two panels are used for simultaneous transmission of PUSCH and correspond to different TRPs. When the triggering condition is satisfied, two PH values are calculated and reported. Whether the PH value is actual or virtual depends on the transmission scheme, i.e. sTRP transmission or STxMP transmission. For multi-DCI based STxMP, it is reasonable to consider the separate PHR reporting per panel, especially for non-ideal backhaul case, where PHR reporting for each panel can be triggered, calculated and transmitted respectively.  
Proposal 9:
· For STxMP for single-DCI based mTRP, when the joint triggering condition is satisfied, two PH values are calculated and reported.
· For STxMP for multi-DCI based mTRP, support separate PHR triggering and reporting.
In Rel-17, MPE report is enhanced to report N pairs of P-MPR and SSBRI/CRI from one candidate RS resource pool when the triggering condition is met. In Rel-18 for STxMP, two SRS resource sets are configured and the maximum allowed transmission power for each UE panel should be considered. Thus MPE report mechanism can be studied to effectively support STxMP, e.g. joint or separate triggering condition, candidate RS resource pool configuration per panel, MPE report format including P-MPR and SSBRI/CRI for each panel, etc.
Proposal 10:
· Study the MPE report mechanism to effectively support Rel-18 STxMP.

Conclusion 
In this contribution, we provide our proposals on UL precoding indication for multi-panel transmission:
Proposal 1:
· For the TPMI/SRI field size for dynamic switching between STxMP SDM/SFN scheme and sTRP transmission,
· The size of first TPMI/SRI field is determined by the larger value between the maximal number of layers for sTRP and the maximal number of layers for SDM/SFN scheme.
· The size of second TPMI/SRI field is determined by the maximal number of layers for SDM/SFN scheme.
Proposal 2:
· For SRS resource set indicator field for dynamic switching between STxMP SDM/SFN scheme and sTRP transmission, the codepoint ‘11’ is reserved.
Proposal 3:
· Don’t support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.
Proposal 4:
· For SDM scheme and SFN scheme, the PTRS port sharing rule for PUSCH antenna ports in legacy spec is not applied.
Proposal 5:
· For SFN scheme of single-DCI based STxMP PUSCH transmission, when the actual number of PTRS ports is 2, the MSB in PTRS-DMRS association field is used to indicate the association between PTRS port 0 and the DMRS port associated with the first TPMI/SRI field, the LSB in PTRS-DMRS association field is used to indicate the association between PTRS port 1 and the DMRS port associated with  the second TPMI/SRI field.
Proposal 6:
· Introduce a new RRC parameter per PUCCH resource applying two indicated joint/UL TCI states for switch between SFN scheme and TDM scheme.
· For sTRP transmission, the PUCCH resource applying one indicated joint/UL TCI state can be indicated by gNB.
Proposal 7:
· When the UE is configured with two coresetPoolIndex values and two SRS resource sets, STxMP PUSCH+PUSCH is enabled, where the second SRI field and SRS resource set indicator field are not included in DCI.
Proposal 8:
· For STxMP scheme, when the total transmission power of PUSCHs from different UE panels exceeds the maximum allowed transmission power per UE, power control enhancement should be considered. 
Proposal 9:
· For STxMP for single-DCI based mTRP, when the joint triggering condition is satisfied, two PH values are calculated and reported.
· For STxMP for multi-DCI based mTRP, support separate PHR triggering and reporting.
Proposal 10:
· Study the MPE report mechanism to effectively support Rel-18 STxMP.
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