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1. Introduction
In the Rel-18 MIMO WID [1], there are CJT (Coherent Joint Transmission) mTRP and STxMP (Simultaneous Transmission across Multiple Panels), as shown in the following description.
	4.	Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
-	Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
-	SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
-	Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
[…]
6.	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.
-	UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
•	For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


In this contribution, we discuss the potential impacts on RAN2 about overlapping UL grants handling for STxMP UEs. In addition, we discuss the codebook configuration for CJT mTRP.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Overlapping UL grant handling for STxMP
2.1.1 Rel-15 overlapping UL grants handling
In Rel-15, the UE only uses a configured grant (CG) occasion when the CG PUSCH duration does not overlap with the dynamic grant (DG), which means the UE will not use the CG occasion when it overlaps with DG. This is specified as shown in the TS 38.321 v15.13.0:
	TS 38.321 v15.13.0
[bookmark: _Toc29239833][bookmark: _Toc46525369][bookmark: _Toc52582340][bookmark: _Toc100867835]5.4	UL-SCH data transfer
[bookmark: _Toc29239834][bookmark: _Toc46525370][bookmark: _Toc52582341][bookmark: _Toc100867836]5.4.1	UL Grant reception
[…]
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if the configuredGrantTimer for the corresponding HARQ process is not running:
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;
3>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Observation 1: In Rel-15, the UE will not use the CG when it overlaps with DG.
In Rel-15, there is only one activated CG resource in a BWP, so there is no need to specify the case when CG overlaps with CG.
2.1.2 Rel-16 overlapping UL grants handling
In Rel-16, there are more than one activated CG resources in a BWP, so how to handle the CGs overlapping was discussed. There is a note saying that the UE chooses one configured grant by UE implementation, as shown in the extracted specification below. 
	TS 38.321 v16.12.0
[bookmark: _Toc37296192][bookmark: _Toc46490318][bookmark: _Toc52752013][bookmark: _Toc52796475][bookmark: _Toc139030427]5.4	UL-SCH data transfer
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[…]
NOTE 7:	If the MAC entity is not configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants.


Observation 2: In Rel-16, when lch-basedPrioritization is not configured, if there are overlapping CGs, the UE selects one CG by UE implementation.
The RRC parameter lch-basedPrioritization is introduced in intra-UE prioritization of Rel-16 Industrial IoT. It specifies how the UE deals with two overlapping configured grants and with a configured grant and a dynamic grant overlapping with each other. In Rel-16, the UE is not required to use two UL grant resources simultaneously. Therefore, when the above cases happen, the UE deprioritizes one of the UL grant according to the priority rule. The priority value of an uplink grant is determined by the highest priority among priorities of the LCHs with data available that are multiplexed or can be multiplexed in the MAC PDU.
Observation 3: In Rel-16, when lch-basedPrioritization is configured, if two UL grants (CG and CG or CG and DG) have time domain overlap, the UE deprioritizes one UL grant with lower priority and does not use this deprioritized UL grant resource.
2.1.3 Rel-18 STxMP overlapping UL grants handling
In Rel-18 MIMO, according to the following RAN1 agreements, STxMP is supported for PUSCH and PUSCH simultaneous transmission and the UE needs to be able to use two UL grants which have time domain overlap. Specifically, there are two cases:
1) Case 1: When the two overlapping UL grants are for the same TRP (associated with the same CoresetPoolIndex), the UE uses the legacy Rel-15/Rel-16 rule to select one UL grant. 
2) Case 2: When the two overlapping UL grants are for different TRPs (associated with different CoresetPoolIndexs), the UE uses both two UL grants and uses multiple panels to send PUSCH + PUSCH simultaneously.
	RAN1 #114
Agreement
When multi-DCI based STxMP PUSCH+PUSCH is configured, 
the existing rules for resolving overlapping PUSCH for the cases of one PUSCH overlapping with another PUSCH in time in one serving cell specified in legacy specifications at least for CG+DG overlap, CG+CG overlap, CG+PUSCH with SP-CSI overlap, or PUSCH with SP-CSI + PUSCH with SP-CSI overlap are performed separately for each coresetPoolIndex value.  


Observation 4: In Rel-18 STxMP, when multi-DCI based STxMP PUSCH+PUSCH is configured the UE, there are following two cases when the UE has two overlapping UL grants:
1) Case 1: When the two overlapping UL grants are for the same TRP (associated with the same CoresetPoolIndex), the UE uses the legacy Rel-15/Rel-16 rule to select one UL grant. 
2) Case 2: When the two overlapping UL grants are for different TRPs (associated with different CoresetPoolIndexs), the UE uses both two UL grants and uses multiple panels to send PUSCH + PUSCH simultaneously.
With the current specification, the UE will only use one of the UL grants, which is not aligned with RAN1 agreements. Therefore, for mDCI STxMP, RAN2 need to discuss how to specify the UE behaviour. One tentative revision is shown in the following TP. The UE uses the configured grant only when it does not overlap with another uplink grant associated with the same coresetPoolIndex. 
Proposal 1: In the MAC specification, capture that the UE uses the UL grant when it does not overlap with another UL grant associated with the same coresetPoolIndex.
	TS 38.321 V17.6.0
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[…]
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH associated with the same coresetPoolIndex or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
[…]


Note that we do not provide a corresponding change when lch-basedPrioritization (Rel-16 intra-UE prioritization) is configured, because in previous meeting, some companies thought the lch-basedPrioritization and Rel-18 STxMP are mutually exclusive. So the co-existence of lch-basedPrioritization and Rel-18 STxMP needs further discussion.
Proposal 2: Discuss whether intra-UE prioritization (lch-basedPrioritization) can be configured together with STxMP. If yes, then the UE prioritizes one UL grant and de-prioritizes others only when the UL grants are associated with the same coresetPoolIndex.
2.2 Codebook configuration for CJT mTRP
In the current RRC running CR, numberOfCMR-r18 is introduced in CodebookConfig-r18, which indicates the number of NZP-CSI-RS resources used for channel measurement (CMR) for CJT and the n1-n2-codebookSubsetRestrictionList-r18 is introduced to indicate the CBSR (codebook subset restriction) for those CMRs. 
CodebookConfig-r18  ::=               SEQUENCE  {
  codebookType                          CHOICE   {
    type2                                 SEQUENCE {
[bookmark: _Hlk147996189]        typeII-CJT-r18                           SEQUENCE {
            numberOfCMR-r18                           INTEGER (1..4),
[bookmark: _Hlk147996006]            n1-n2-codebookSubsetRestrictionList-r18   SEQUENCE (SIZE (1..4)) OF CBSR-r18,
            paramCombination-CJT-r18                  INTEGER (1..7),
            paramCombination-CJT-L-r18  SEQUENCE (SIZE (1..4)) OF INTEGER (1-16) OPTIONAL, -- Need R
            restrictedCMR-Selection-r18 ENUMERATED {enable}          OPTIONAL,  -- Need R
            valueOfO3-r18               ENUMERATED {n1, n4}          OPTIONAL,  -- Need R
            numberOfPMI-SubbandsPerCQI-Subband-r18    INTEGER(1..2)  OPTIONAL,  -- Need R
            typeII-RI-Restriction-r18   BIT STRING (SIZE (4))
            codebookMode-r18            INTEGER (1..2)               OPTIONAL   -- Need R
  -- other fields omitted
        }
    }
  }
}
According to the RRC parameter list from RAN1 [2], at least one CMR should be configured with CBSR. As for other CMRs, the CBSR is optionally configured. And the detailed RRC signalling design is left to RAN2.
		n1-n2-codebookSubsetRestrictionList-r18
	n1-n2-codebookSubsetRestriction-CJT-r18
	CBSR (legacy) only hard restriction (i.e., no soft amplitude restriction) per CSI-RS resource.

Except for one CSI-RS resource, CBSR is optionally configured for the remaining NTRP-1 CSI-RS resources
	up to RAN2





Observation 5: Among numberOfCMR-r18 CMRs, at least one CMR should be configured with CBSR. As for other CMRs, the CBSR is optionally configured.
 When there are some CMRs that are not configured with CBSR, the current RRC structure is not able to indicate the mapping between CMR and CBSR, i.e., it is not able to indicate which CMRs are configured with which CBSR, and which CMRs are not configured with CBSR. 
Observation 6: When there are some CMRs that are not configured with CBSR, the current RRC structure is not able to indicate the mapping between CMR and CBSR.
To solve this issue, a new RRC parameter is needed to indicate the mapping between CMR and CBSR. One easy way is to introduce a bitmap, and the length of the bitmap is equal to the maximam value of numberOfCMR-r18, i.e., 4. A bit in the bitmap is set to 1 when the correponding CMR is configured a CBSR in n1-n2-codebookSubsetRestrictionList-r18, and a bit in the bitmap is set to 0 when the correspoding CMR is not configured with CBSR. The bitmap configuration saves some signalling overhead comparing with configuring a CBSR for each CMR (NZP-CSI-RS resource).
CodebookConfig-r18  ::=               SEQUENCE  {
  codebookType                          CHOICE   {
    type2                                 SEQUENCE {
        typeII-CJT-r18                           SEQUENCE {
            numberOfCMR-r18                           INTEGER (1..4),
            n1-n2-codebookSubsetRestrictionList-r18   SEQUENCE (SIZE (1..4)) OF CBSR-r18,
            cbsr-ApplicableResource                   BIT STRING (SIZE (4))
            paramCombination-CJT-r18                  INTEGER (1..7),
            paramCombination-CJT-L-r18  SEQUENCE (SIZE (1..4)) OF INTEGER (1-16) OPTIONAL, -- Need R
            restrictedCMR-Selection-r18 ENUMERATED {enable}          OPTIONAL,  -- Need R
            valueOfO3-r18               ENUMERATED {n1, n4}          OPTIONAL,  -- Need R
            numberOfPMI-SubbandsPerCQI-Subband-r18    INTEGER(1..2)  OPTIONAL,  -- Need R
            typeII-RI-Restriction-r18   BIT STRING (SIZE (4))
            codebookMode-r18            INTEGER (1..2)               OPTIONAL   -- Need R
  -- other fields omitted
        }
    }
  }
}
The field description of cbsr-ApplicableResource could be: Each bit corresponds to an NZP CSI-RS resource in the NZP CSI resource set used for channel measurements, the left most bit corresponds to the first NZP CSI-RS resource in the NZP CSI-RS resource set and the next bits to the next NZP CSI-RS resource in their order in the NZP CSI-RS resource set. If the bit is set to 1, the corresponding NZP CSI-RS resource is configured with a CBSR in n1-n2-codebookSubsetRestrictionList-r18, otherwise, the corresponding NZP CSI-RS resourceis not configured with CBSR. The first CBSR in n1-n2-codebookSubsetRestrictionList-r18 applies to the first NZP CSI-RS resource configured with CBSR, the second CBSR in n1-n2-codebookSubsetRestrictionList-r18 applies to the second NZP CSI-RS resource configured with CBSR, and so on.
Proposal 3: Introduce a bitmap of length numberOfCMR-r18 to indicate the mapping between CMR and CBSR. A bit in the bitmap is set to 1 when the correponding CMR is configured with CBSR, 0 otherwise.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: OLE_LINK7]Based on the discussion in this contribution, we have the following proposals:
Proposal 1: In the MAC specification, capture that the UE uses the UL grant when it does not overlap with another UL grant associated with the same coresetPoolIndex.
Proposal 2: Discuss whether intra-UE prioritization (lch-basedPrioritization) can be configured together with STxMP. If yes, then the UE prioritizes one UL grant and de-prioritizes others only when the UL grants are associated with the same coresetPoolIndex.
Proposal 3: Introduce a bitmap of length numberOfCMR-r18 to indicate the mapping between CMR and CBSR. A bit in the bitmap is set to 1 when the correponding CMR is configured with CBSR, 0 otherwise.
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