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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, some remaining issues are discussed for coverage enhancements of PUSCH in NR Rel-17.
2. [bookmark: _GoBack]Available slot determination in case of inter-cell mTRP or CA configuration
In RAN1#106bis-e meeting, it has been agreed that only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are considered for the determination of available slots. 
	Agreement (RAN1#106bis-AI 8.8.1.1)
· Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are considered for the determination of available slots.
· Any other RRC configuration is not considered for the determination of available slots.


For inter-cell mTRP case or CA case, ssb-PositionsInBurst may be configured for different mTRPs and different serving cells respectively. Whether all of these SSBs should be considered for available slot determination for Type A PUSCH repetition transmissions in one serving cell should be discussed and concluded in RAN1. These 2 cases will be discussed in the following 2 sections.
2.1 SSB for available slot determination in multiple TRPs
In NR Rel-17 feMIMO work item, following agreements have been made with respect to different SSB sets with different PCIs transmitted from mTRPs in a same serving cell. 
	Agreement (RAN1#106bis-AI 8.1.2.2)
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst

Agreement (RAN1#106bis-AI 8.1.2.2)
Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1)= The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)
Agreement (RAN1 #108-e-AI 8.1.2.2)
For inter-cell mTRP, UE does not transmit PUCCH/PUSCH/PRACH in a slot or SRS in the symbols if in time domain the PUCCH/PUSCH/PRACH/SRS overlaps with an SSB of a serving cell PCI or an SSB associated with the active additional PCI.


According to above agreements, for inter-cell multi-TRP operation, UE may be configured with SSBs on different time domain positions for different TRPs and when PUSCH overlaps with such SSB, PUSCH will not be transmitted. One of the motivations for inter-cell multi-TRP operation is also coverage enhancement, in which case other coverage enhancement features, e.g. counting PUSCH repetition based on available slots, may be enabled at same time. Hence, it should be discussed in RAN1 on whether all sets of SSBs transmitted from multiple TRPs in the same serving cell should be considered with respect to available slot determination for Type A PUSCH repetition.
In RAN1 #107bis-e meetings, companies have different understandings on this issue (issue 2-2 in [1]). In our view, there could be 3 options listed below, where option 1 means only the SSBs with serving cell PCI are considered for available slot determination, option 2 means SSBs with PCI different from the serving cell PCI are also considered for available slot determination on top of considering SSBs with serving cell PCI, while option 3 means the SSBs with a PCI are considered for available slot determination if the PCI is the associated with the TCI state configured for the PUSCH transmission.
· Option 1: SSBs with PCI different from the serving cell PCI are only used for actual PUSCH repetition determination after the available slots are determined
· Option 2: Both SSBs with serving cell PCI and SSBs with PCI different from the serving cell PCI are used for the available slot determination
· Option 3: SSBs with the same PCI as the SSB used to determine the spatial relation of the PUSCH, are used to determine the available slots. Other set of SSBs are used for actual PUSCH repetition determination after the available slots are determined.

According to following excerpt from TS38.214 v17.1.0, the UL Tx spatial filter for PUSCH transmission can be determined according to SSBs associated with  different PCI from the PCI of the serving cell, i.e., SSBs from a second TRP.
	Section 6.1 of TS 38.214 v17.1.0
…
When the UE is configured DLorJointTCIState or UL-TCIState, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter or the RS configured with qcl-Type set to 'typeD' of the indicated DLorJointTCIState or UL-TCIState. The reference RS in the indicated DLorJointTCIState can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated UL-TCIState can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell.
…



When UL beam for PUSCH transmission is determined based on SSBs from a second TRP, the PUSCH transmission is targeted for this second TRP. In such case, it seems enough to determine the available slots for this PUSCH transmission based on the SSBs from the 2nd TRP instead of those SSBs from the serving cell TRP, i.e., SSBs with the serving cell PCI. 
Observation 1: 
· In current specification, UL beam for PUSCH transmission can be determined based on the SSBs from a second TRP with different PCI. In such case, it is seems enough to consider such SSBs for available slots determination.
According to discussions above, we are fine with either option 2 or option 3, and propose RAN1 to discuss and determine one of the options to apply for the determination of enhanced Type A PUSCH repetition transmission.
Proposal 1: 
· RAN1 should further discuss and down-select from the following 3 options for available slot determination for Type A PUSCH repetition with respect to the multiple SSBs with different PCIs from mTRPs:
· Option 1: SSBs with PCI different from the serving cell PCI are only used for actual PUSCH repetition determination after the available slots are determined
· Option 2: Both SSBs with serving cell PCI and SSBs with PCI different from the serving cell PCI are used for the available slot determination
· Option 3: SSBs with the same PCI as the SSB used to determine the spatial relation of the PUSCH, are used to determine the available slots. Other set of SSBs are used for actual PUSCH repetition determination after the available slots are determined.
2.2 SSB for available slot determination in CA
Another remaining issue is the available slot determination for Type A PUSCH with respect to multiple SSBs transmitted from different CCs in carrier aggregation case.
As is known for single carrier TDD case, according to following text copied from section 11.1 of 38.213 v17.1.0, the PUSCH transmission will be dropped when colliding with SSB transmissions configured for the serving cell.
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCIState or followUnifiedTCIstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


For CA case (inter-band or intra-band), the collision handling is performed according to following text in the same section of 38.213 v17.1.0, where we can see SSBs with PCI other than serving cell PCI would be prioritized when colliding with UL transmissions. 
	If a UE 
-	is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCIState or followUnifiedTCIstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in 
-	any of the multiple serving cells if the UE is not capable of simultaneous transmission and reception as indicated by simultaneousRxTxInterBandCA among the multiple serving cells, and
-	any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by simultaneousRxTxInterBandCA.


However, whether the additional SSBs from 2nd TRP should be considered for available slot determination is still not clear. In RAN1 #107bis-e, in the discussions on this issue (issue 2-3 in [1]), there’s no conclusion made. It is necessary to make a conclusion that legacy rules mentioned above are reused after available slot is determined for Type A PUSCH repetition transmissions, i.e. only the SSBs transmitted in the serving cell are considered for available slot determination for the Type A PUSCH repetition transmissions.
Proposal 2: 
· RAN1 should conclude that only the SSBs transmitted within the serving cell are considered for available slot determination for the Type A PUSCH transmissions if multiple serving cells are configured.
3. Conclusion
In this contribution, we discuss the remaining issues of enhancement on PUSCH repetition type A, and have following  observations and proposals: 
Observation 1: 
· In current specification, UL beam for PUSCH transmission can be determined based on the SSBs from a second TRP with different PCI. In such case, it is seems enough to consider such SSBs for available slots determination.
Proposal 1: 
· RAN1 should further discuss and down-select from the following 3 options for available slot determination for Type A PUSCH repetition with respect to the multiple SSBs with different PCIs from mTRPs:
· Option 1: SSBs with PCI different from the serving cell PCI are only used for actual PUSCH repetition determination after the available slots are determined
· Option 2: Both SSBs with serving cell PCI and SSBs with PCI different from the serving cell PCI are used for the available slot determination
· Option 3: SSBs with the same PCI as the SSB used to determine the spatial relation of the PUSCH, are used to determine the available slots. Other set of SSBs are used for actual PUSCH repetition determination after the available slots are determined.
Proposal 2: 
· RAN1 should conclude that only the SSBs transmitted within the serving cell are considered for available slot determination for the Type A PUSCH transmissions if multiple serving cells are configured.
References
1. [bookmark: _Ref92304356]R1-2200789, FL Summary #4 on Enhancements on PUSCH repetition type A, 3GPP TSG RAN WG1 #107bis-e, January, 2022.


14/14
