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1. Introduction
In RAN1#113[1], some agreements on UL precoding indication for multi-panel transmission have been made. 
	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
Introduce an additional RRC parameter for the max number of PTRS ports for STxMP SDM scheme.

Agreement
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

(Working assumption confirmed on Thursday as) Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support the following revised Option 3:
· (Revised) Option 3: 
· When joint HARQ-ACK feedback is configured or when the UCI does not include HARQ-ACK, 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 the PUSCH associated with CORESET pool index value 0
· When separate HARQ-ACK feedback is configured, 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. 
· The PUSCH and PUCCH associated with same CORESETPoolIndex are associated the same TRP. 
· For a PUCCH including HARQ-ACK, the UE does not expect this PUCCH to overlap with PUSCH(s) with different CORESETPoolIndex value but not overlap with a PUSCH with the same CORESETPoolIndex value.

Agreement
Confirm the following WA:
Working Assumption (RAN1 112)
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


In this contribution, we further discuss enhancements on UL precoding indication for multi-panel transmission based on those agreements.
2. Discussion
2.1 Shared digital ports for STxMP
In RAN1#113 meeting, the following conclusion was made on the same number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP.
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

Regarding Alt1, the higher layer parameter codebookSubset provides codebook subsets for sTRP transmission and codebookSubset can be configured as 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent'. A second codebook subsets parameter (e.g., codebookSubset2-r18) can be introduced to indicate the codebook subsets for STxMP SDM/SFN transmission and the second codebook subsets can be configured as 'partialAndNonCoherent', or 'nonCoherent' depending on the number of SRS ports and number of layers. Accordingly, a second coherence capability can be introduced for STxMP SDM/SFN transmission. By providing separate codebook subsets for sTRP and STxMP transmission, the same number of used PUSCH antenna ports for the STxMP and sTRP can be ensured with less specification impact. Regarding Alt2, each SRS resource sets should be configured with at least 2 SRS resources, where one 4 port SRS resource is applied to sTRP transmission and one 2 port SRS resource is applied to STxMP transmission. By this way, the SRS overhead is increased. Therefore, we support Alt1.
Proposal 1: To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, we support Alt1:
· i.e., The codebook subsets for sTRP and STxMP SDM/SFN transmission can be separated.
2.2 Single-DCI based STxMP
In RAN1#112 meeting, it was agreed that when max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH, the actual number of PTRS ports in SDM is 2. 
In the current specification, for non-codebook based UL transmission, when two SRS resource sets are configured, the actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on SRI(s) corresponding to the associated SRS resource set. In detail, the PT-RS port index for each configured SRS resource is provided by ptrs-PortIndex configured by SRS-Config. If the PT-RS port indexes associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to one UL PT-RS port. If only one UL PT-RS port is associated with two SRIs, it is not consistent with the agreement that the actual number of PTRS ports in SDM is 2.  
For the above issue, following schemes can be considered:
· Option1: The PT-RS port index associated with the first SRI field is always different from the PT-RS port index associated with the second SRI field.
· Option2: Each SRS resource set is associated with a single PT-RS port index and two PT-RS ports associated with two SRS resource sets are different.
For Option1, when selecting the SRS resource, it has to ensure that the PT-RS port index associated with the first SRI field is different from the PT-RS port index associated with the second SRI field. In other words, additional scheduling restriction is required when selecting SRS resource, which would limit the selection of the SRS resource. For Option2, if different PT-RS port indexes are associated with two SRS resource sets, there is no scheduling restriction.
Proposal 2: For non-codebook based UL transmission, following schemes can be considered to associate two SRIs with two different UL PT-RS port:
· Option1: The PT-RS port index associated with the first SRI field is always different from the PT-RS port index associated with the second SRI field.
· Option2: Each SRS resource set is associated with a single PT-RS port index and two PT-RS ports associated with two SRS resource sets are different.
In the current specification, PUSCH to PT-RS power ratio per layer per RE is determined based on the the number of PUSCH layers and precoding matrix types (full-coherent/non-coherent/partial-coherent). For SDM scheme of single-DCI based mTRP PUSCH, a set of PUSCH layers is transmitted from one panel, while another set of PUSCH layers is transmitted from the other panel. Therefore, PUSCH-to-PTRS power ratio per layer per RE is determined based on the number of PUSCH layers per panel.
Proposal 3: PUSCH-to-PTRS power ratio per layer per RE is determined based on the number of PUSCH layers per panel.
In RAN1#112 meeting, it was agreed that when max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH, the actual number of PTRS ports in SDM is 2. 
In the current specification, for the number of PUSCH layers being 1 and a full coherent precoding matrix with the number of PUSCH layers being 2, the actual number of UL PT-RS port is 1.
For SDM scheme of single-DCI based mTRP PUSCH, PUSCH-to-PTRS power ratio per layer per RE is determined based on the number of PUSCH layers and precoding matrix type per panel, where the number of PUSCH layers and precoding matrix are indicated by first TPMI or second TPMI field. Since the actual number of PTRS ports in SDM is 2, each PTRS port is associated with the set of PUSCH layers per panel and two PTRS ports are orthogonal. Since the actual number of PTRS ports in SDM is 2 and two PTRS ports are orthogonal, for the number of PUSCH layers being 1 and a full coherent precoding matrix with the number of PUSCH layers being 2, the power of a PT-RS port can be boosted by 3dB. Similarly, for partial and non-coherent precoding matrix with the number of PUSCH layers being 2, if the actual number of PT-RS port per panel is 1, the power of a PT-RS port can be boosted by 3dB. Therefore, since the maxRank per panel in SDM scheme of single-DCI based mTRP PUSCH is 2, the power of a PT-RS port can be boosted by 3dB if the number of PUSCH layers is 1 and 2, as shown in the table below when ptrs-Power in PTRS-UplinkConfig is set to state ‘10’.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	3
	6
	3
	Reserved

	11
	Reserved


Proposal 4: For SDM scheme of single-DCI based mTRP PUSCH, the power of a PT-RS port can be boosted by 3dB if the number of PUSCH layers is 1 and 2.
2.3 Multi-DCI based STxMP
In RAN1#111 meeting, combination of CG PUSCH + CG PUSCH is supported in multi-DCI based STxMP PUSCH+PUSCH transmission. For the two CG-PUSCHs, if each CG-PUSCH is configured with separate CG configurations, the scheduling of two simultaneous CG-PUSCHs is aligned with the framework of multi-DCI based operation.
In the current specification, if configuredGrantConfigToAddModList is configured, more than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell. For CG Type 1 PUSCH transmission, UE determines the time domain and frequency domain resource allocation from the selected configured grant configuration. If two CG Type 1 PUSCHs are transmitted simultaneously, UE should be able to select two configured grant configurations, which contain overlapping time domain resource allocations. By this way, two simultaneous CG Type 1 PUSCH transmissions can be supported in multi-DCI based operation.
[bookmark: _GoBack]Proposal 5: For multi-DCI based STxMP PUSCH+PUSCH transmission, UE should be able to select two configured grant configurations, which contain overlapping time domain resource allocations.
3. Conclusion
[bookmark: OLE_LINK6][bookmark: OLE_LINK40][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK5]In this contribution, we discuss potential enhancements on UL precoding indication for multi-panel transmission. Based on the discussion above, we provide the following proposals:
Proposal 1: To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, we support Alt1:
· i.e., The codebook subsets for sTRP and STxMP SDM/SFN transmission can be separate.
Proposal 2: For non-codebook based UL transmission, following schemes can be considered to associate two SRIs with two different UL PT-RS port:
· Option1: The PT-RS port index associated with the first SRI field is always different from the PT-RS port index associated with the second SRI field.
· Option2: Each SRS resource set is associated with a single PT-RS port index and two PT-RS ports associated with two SRS resource sets are different.
Proposal 3: PUSCH-to-PTRS power ratio per layer per RE is determined based on the number of PUSCH layers per panel.
Proposal 4: For SDM scheme of single-DCI based mTRP PUSCH, the power of a PT-RS port can be boosted by 3dB if the number of PUSCH layers is 1 and 2.
Proposal 5: For multi-DCI based STxMP PUSCH+PUSCH transmission, UE should be able to selected two configured grant configurations, which contain overlapping time domain resource allocations.
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