3GPP TSG RAN WG1 #114                                                                           R1-2306849
Toulouse, France, August 21 – August 25, 2023

Source:	Intel Corporation
Title:	UL precoding indication for multi-panel transmission
Agenda item:	9.1.4.1
Document for:	Discussion and Decision
[bookmark: _Ref115096422]Introduction
In this paper, we discuss UL transmission enhancement to precoding indication for multi-panel transmission for Rel-18 NR MIMO WI 
	1. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.




Beam reporting for STxMP

In RAN1#113 we reached the following agreement:
	Agreement
[bookmark: _Hlk142480740]To enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission, support the system to configure the UE to report one of the followings:
· Alt1: For 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: For 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.
Supporting Alt1 and/or Alt2 is subject to UE capability
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[bookmark: _Ref118647073]Figure 6: UL STxMP Tx - L1-RSRP with panel selection (2Rx)
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[bookmark: _Ref118647090]Figure 7: UL single TRP Tx - L1-RSRP using all panels (4Rx)



The above agreement allows the NW to be informed on whether channel condition permits a UE to support STxMP PUSCH+PUSCH transmission. Channel condition is used in a general phrase to include scenarios due to UE rotation or switching power on/off at the UE side. It is equally important for the NW to know a UE moving from sTRP to STxMP mode and vice-versa. This can be achieved by the following steps:
· Step-0: UE reports ability to support STxMP transmission 
· Step-1: gNB transmits SSBs/CSI-RSs in different CSI resource sets using different TRPs.
· Step-2: If groupBasedBeamReporting is ON (Figure 7 above), the UE measures the received the SSB/CSI-RS from all panels and reports L1-RSRP. If groupBasedBeamReporting setting is OFF (Figure 6), the UE measures the SSB/CSI-RS received from the best selected panel and reports L1-RSRPs. 
· Step-3: The NW could determine an L1-RSRP difference associated with the same SSB/CSI-RS based on groupBasedBeamReporting setting (ON or OFF). If the L1-RSRP difference is small it means that most of the energy is captured at the UE from a single panel which is better suited for STxMP mode.  
[bookmark: p1][bookmark: _Ref131410389][bookmark: _Ref115097614]Proposal-1. In order to support STxMP-based transmission, define L1-RSRP reported by the UE with groupBasedBeamReporting ON as L1-RSRP restricted to a single Rx panel (which is different from regular L1-RSRP with groupBasedBeamReporting OFF that reflects energy received by one or more Rx panels)  

Switching between STxMP schemes

PUCCH
In order to support Rel-15 and Rel-17 repetition schemes, a PUCCH resource could be configured with nrofSlots or pucch-RepetitionNrofSlots. Note that if both the fields nrofSlots or pucch-RepetitionNrofSlots are present then nrofSlots is ignored. In order to support STxMP transmission it is natural to associate a new RRC parameter with a PUCCH resource to indicate STxMP transmission. If a PUCCH resource is configured with a repetition factor and SFN indicator simultaneously then each repetition is transmitted in an SFN manner. Also, there is no need to support dynamic switching between (pure) TDM repetition and SFN schemes. Therefore, we have the following proposal (aligned with the FL proposal from the RAN1#113): 
Proposal-2: Introduce an RRC parameter per PUCCH resource to configure rel-18 STxMP SFN scheme for that PUCCH resource.
· Note: RRC parameter design is up to RAN2.
· When SFN scheme is configured to one PUCCH resource, if the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.

PUSCH
In the case of single DCI, the Rel-18 schemes comprises of SFN and SDM, a single RRC parameter (1-bit value) configured to the UE is sufficient to switch between the two schemes. This RRC parameter is needed to distinguish Rel-18 schemes from Rel-17 multi-TRP TDM schemes (configured with two SRS resource sets)
In the case of multi-DCI, there is no legacy PUSCH TDM scheme, so configuration of two SRS resource sets along with multiple CORESETs can be naturally used to determine STxMP operation.
Proposal-3: For a single-DCI based system, introduce a RRC parameter to configure Rel-18 STxMP SDM scheme and Rel-18 STxMP SFN scheme
· Note: RRC parameter design is up to RAN2 

Other remaining issues

SRS resource set configuration
The following conclusion was agreed in RAN1#112bis-e: 
	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
[bookmark: _Hlk142661404]FFS: whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.



We can interpret the above conclusion to mean that asymmetric antenna panels is fully managed by a UE in a specification transparent manner (similar to current specifications). Following a similar logic, we also do not expect the specifications to support different configurations with regards to full power mode and antenna port coherency type. This means that when panels with such asymmetric property is activated, the UE should declare capabilities based on the most restrictive panel properties.
Proposal-4: It is not necessary to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.
DCI design for single-DCI
The issues for codepoint 00 and 01 are resolved in RAN1#113 for both SRI and TPMI indication cases. The only remaining issue is the FFS for codepoint 11. Regarding this, we think the codepoint 11 can be reserved.
Proposal-5: Regarding DCI design for single DCI codepoint 11 can be reserved.

Shared Digital Ports
The following was agreed in RAN1#113
	Conclusion
There is no consensus on the following:
	To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, for CB-based PUSCH, down-select between Alt1 and Alt2 by RAN1#114:
· Alt1: The codebook subsets for sTRP and STxMP SDM/SFNtransmission can be separate. 
· If maxRank = 1 for SDM/SFN schemes and the legacy codebook subset (for sTRP) is configured as “fullyAndPartialAndNonCoherent” or “PartialAndNonCoherent”: 
· For 4-port SRS: Only TPMIs associated with “partialAndNonCoherent” can be indicated. 
· For 2-port SRS: Only TPMIs associated with “nonCoherent” can be indicated
· If maxRank = 2 for SDM/SFN schemes and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”
· FFS: In addition to the TPMIs associated with “nonCoherent” for 1-layer or 2-layers, only TPMIs associated with “partialAndNonCoherent” for 1-layer with 4-port SRS can be indicated.
· FFS: Subject to UE capability, the non-zero elements in the precoders indicated by two TPMI fields should not correspond to same or overlapping precoder row index(es).
· For example: when maxRank=2 and the legacy codebook subset (for sTRP) is configured, as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”,  for 2-layer transmission with 4-port SRS, TPMI 0 and  TPMI 1 cannot be indicated in the same DCI while  TPMI 0 and  TPMI 5 can be indicated in the same DCI.
· 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
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· If one Alt is down-selected at last:
· SRS resources from different SRS resource sets for CB/NCB cannot be transmitted in the same OFDM symbol
· introduce an inter-set guard period of  symbols subject to UE capability between two SRS resource sets for CB/NCB, where UE does not transmit any other signal on any symbol within the inter-set guard period.
· FFS: whether existing rules for simultaneous transmission of other uplink channels in the same or different CCs need to be enhanced
· Subject to UE capability, introduce a guard period of  symbols between two contiguous PUSCH transmissions if associated SRS resource set(s) is/are changed
· Note: The values of  and  can be discussed in UE feature session, which can be 0 or greater than 0.
· FFS: Support the UE to report whether it recommends the same or different maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP in RRC
· The RRC design is up to RAN2







	

Figure 1. Case A1
	

Figure 2. Case A2
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Figure 3.Case B1

	

Figure 4.Case B2




In RAN1#112bis-e the support of a case where # of sTRP ports = # of SDM ports was discussed. In the following we consider the following antenna architectures.
	
	#sTRP PUSCH ports
	#SDM PUSCH ports
	Comments

	Case A1 (Figure 1)
	2
	2+2
	Dedicated digital ports

	Case A2 (Figure 2)
	2
	2+2
	Shared digital ports 

	Case B1 (Figure 3)
	4
	2+2
	Shared digital ports with port selection

	Case B2 (Figure 4)
	4
	2+2
	Shared digital ports with port aggregation for full power



Note that case A1 and case A2 can already be supported by Option-1 + Alt-1 as per the WA (agreed in RAN1#113) which includes both shared and dedicated digital ports architecture. We can also observe that the architectures for cases B1 and B2 reduces to Case A1 if a UE virtualizes each panel to 2 ports. This virtualization enables full power operation and higher MCS can be used for 2-layer sTRP operation compared to 4-layer sTRP operation. 
We also note that in order to support full power Mode-2 operation, 2 SRS resources in the same resource set can be used with 2 ports and 4 ports each (for codebook-based operation). This can also be used to support case B1 and B2 where a 2 port SRS is used for SDM transmission, and a 4 port SRS is used for sTRP transmission. Further, we note the following aspects for the different alternatives listed in RAN1#112bis-e:
Alt-1: no coherent gain, does not support layer to port virtualization, additional specification impact
Alt-2: additional SRS overhead, support layer to port virtualization, small specification impact
Alt-3, 4, 5: significant specification impact, does not support layer to port virtualization (only supports antenna selection) 
Observation-6: Existing agreement Option-1 + Alt-1 can support both shared and dedicated digital port architectures. As concluded in RAN1#113 there is no need for further specification enhancements to support shared digital ports
Conclusion
The main proposals in this paper are outlined as follows.
Proposal-1. In order to support STxMP-based transmission, define L1-RSRP reported by the UE with groupBasedBeamReporting ON as L1-RSRP restricted to a single Rx panel (which is different from regular L1-RSRP with groupBasedBeamReporting OFF that reflects energy received by one or more Rx panels)
Proposal-2: Introduce an RRC parameter per PUCCH resource to configure rel-18 STxMP SFN scheme for that PUCCH resource.
· Note: RRC parameter design is up to RAN2.
· When SFN scheme is configured to one PUCCH resource, if the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.
Proposal-3: For a single-DCI based system, introduce a RRC parameter to configure Rel-18 STxMP SDM scheme and Rel-18 STxMP SFN scheme
· Note: RRC parameter design is up to RAN2
Proposal-4: It is not necessary to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.
Proposal-5: Regarding DCI design for single DCI codepoint 11 can be reserved.
Observation-6: Existing agreement Option-1 + Alt-1 can support both shared and dedicated digital port architectures. As concluded in RAN1#113 there is no need for further specification enhancements to support shared digital ports
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