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Introduction
[bookmark: _Hlk30969022]In RAN1 #112bis meeting, XR-specific capacity enhancements were discussed with the following agreements:
Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue
Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
Agreement
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI”. 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset.
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
From RAN1 perspective, for determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (Working Assumption) The HARQ process ID of the remaining configured/valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.
Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
In this contribution, we show our views on CG PUSCH enhancements for R18 XR.
Multiple CG PUSCH transmission occasions in a period
1. 
2. 
1) Time domain resource allocation of CG PUSCHs in a multi-PUSCHs CG configuration
[bookmark: _Hlk130904831]The following alternatives were downscoped in RAN1 #112bis to determine the time domain resource allocation of CG PUSCHs within one multi-PUSCHs CG period:
· [bookmark: _Hlk130904961]Alt-A1: Follow the time domain resource mapping of Type A repetition
· Alt-B: TDRA determination based on NR-U framework
· [bookmark: _Hlk130905102]Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
Both Alt-A1 and Alt-B allocate a single SLIV for multiple PUSCH TOs in consecutive slots. The difference is that multiple back-to-back TOs can be configured within one slot by Alt-B, which is not attractive for XR traffic with large packet size. On the other hand, Alt-C2 can configure PUSCH TOs with different SLIVs in non-consecutive slots and provide the following flexibilities:
a) Reduce the invalid PUSCH TO caused by the collision with DL symbol(s);
b) Non-integer period can be solved by one CG configuration. For example, one CG configuration is used to support 60fps for UL video, the periodicity is configured as 50ms with non-consecutive PUSCH TOs.
c) Allocated different numbers of symbols in different PUSCH TOs, which may be useful to reduce latency. For example, more symbols are allocated in the earlier PUSCH TO and fewer symbols are allocated in the later PUSCH TO.
Furthermore, adopting Alt-C2 only requires minor modifications to the spec., i.e.:
· For Type-1 CG, timeDomainAllocation in the rrc-ConfiguredUplinkGrant in the ConfiguredGrantConfig indicates a row of TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17.
· For Type-2 CG, relax the limitation that the time domain resource assignment field in CG activation DCI indicates a row with single SLIV.
Based on the above discussion, we have the following proposal for time domain resource allocation of CG PUSCHs in a multi-PUSCHs CG configuration:
Proposal 1: Support Alt-C2 to determine time domain resource allocation of multiple CG PUSCHs in one CG period,
· For Type-1 CG, timeDomainAllocation in the rrc-ConfiguredUplinkGrant indicates a row of TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17.
· For Type-2 CG, relax the limitation that the time domain resource assignment field in CG activation DCI indicates a row with single SLIV.
2) HARQ process ID
[bookmark: _Hlk134191491]Considering the minimal impact on spec., we slightly prefer the HARQ process ID for the first configured PUSCH in a period is determined based on the legacy CG procedure. If the first configured PUSCH is invalid, the corresponding HARQ process ID can be immediately used by DG PUSCH, so there is no waste of HARQ process ID.
No matter for the first configured PUSCH or the first valid PUSCH, it is a fixed TO that does not change with UL jitter. Therefore, we think an RRC-configured offset 1 cannot provide any benefits. Furthermore, to avoid the ambiguity between gNB and UE, dynamic offset 2 determined based on the unused CG TOs in previous CG period is not preferred.
Set X equals to the number of configured PUSCHs in the CG period, the HPI collision in the adjacent CG periods can be avoided even with Y=1, and no dedicated RRC parameter is needed. To avoid rational number issues, we also suggest to put X outside floor operation. Based on the above discussion, we have the following proposal:
[bookmark: _Hlk134191869]Proposal 2: The HARQ process ID for the first configured PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [X*floor( CURRENT_symbol / periodicity) ] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) ] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· [bookmark: _Hlk134197284]The HARQ process ID of the remaining configured CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by 1 with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.

Dynamic indication of unused CG PUSCH occasion(s) by UCI
1) When the UCI is sent?
It was agreed that UTO-UCI is included in every CG PUSCH that is transmitted. If uplink skipping is enabled and no data is available for a CG PUSCH, the MAC follows the existing rule, i.e. the MAC does not generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH. However, if a DG PUSCH transmission overrides a CG PUSCH transmission in the CG PUSCH TO, as allowed in R17, the UTO-UCI should be multiplexed in the DG PUSCH to avoid the dropping of UTO-UCI.
Proposal 3: If uplink skipping is enabled and no data is available for a CG PUSCH, the MAC does not generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH.
Proposal 4: If a DG PUSCH overrides a CG PUSCH in the PUSCH TO which is determined to transmit the UCI, as allowed in R17, the UCI should be multiplexed in the DG PUSCH.
2) What information the UCI contains?
[bookmark: _Hlk134194747]UE can hardly predict the amount of XR traffic in the next period, to avoid ambiguity and complexity in implementation, we suggest UTO-UCI should be configured per CG configuration and used to indicates the unused TO(s) within one CG period.
Proposal 5: UTO-UCI should be configured per CG configuration and used to indicates the unused TO(s) within one CG period.
Then the UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range, and the following detail designs can be considered:
· Option 1: The payload size of UTO-UCI equals to the number of CG PUSCH TOs within a CG period. Each bit in the bitmap is associated to a TO within the CG period.
· [bookmark: _Hlk134198121]Option 2: The payload size of UTO-UCI is configured by RRC. When a UTO-UCI is transmitted in TO n, the first bit in the UTO-UCI corresponds to the TO n+k, where the value of k can be RRC configured or determined based on a timeline.
· Option 3: The payload size of UTO-UCI equals to the remaining configured CG PUSCHs in the period. The remaining configured CG PUSCHs can also be determined based on a timeline.
Obviously, option 1 leads to redundant UTO-UCI information and option 3 has the highest efficiency. The flexibility and overhead of option 2 can be properly controlled by gNB. 
Proposal 6: The payload size of UTO-UCI can be configured by RRC or equals to the remaining configured CG PUSCHs in the period.
[bookmark: _Hlk126241648][bookmark: _Hlk134260693]To avoid the implementation complexity of gNB scheduling, if one CG PUSCH TO is not indicated as unused by an early UTO-UCI, it can be indicated as unused by a later UTO-UCI. Otherwise, if one CG PUSCH TO is indicated as unused by an early UTO-UCI, it cannot be indicated as used by a later UTO-UCI.
Proposal 7: If one CG PUSCH TO is indicated as unused by an early UTO-UCI, it cannot be indicated as used by a later UTO-UCI.
3) [bookmark: _Hlk134257867]How the UCI is sent?
When HARQ-ACK is multiplexed into the CG PUSCH with the same priority:
· [bookmark: _Hlk134257877]HARQ-ACK and UTO-UCI are jointly coded, and the UTO-UCI is appended to the HARQ-ACK;
· Reused the legacy rate matching and mapping and RE mapping for HARQ-ACK and CG-UCI.
In R17, multiplexing HARQ-ACK and CG-UCI with different priorities in one CG PUSCH was not supported. Whether/how HARQ-ACK and UTO-UCI with different priorities can be multiplexed in one CG PUSCH should be discussed? 
· Option 1: UE performs R16 prioritization.
· [bookmark: _Hlk134257976][bookmark: _Hlk134621091]Option 2: If uci-MuxWithDiffPrio is configured, UE performs R17 intra-UE multiplexing, where UTO-UCI is appended to the HARQ-ACK with the same priority X, and treat them as HARQ-ACK with priority X.
We slightly prefer option 2, because the dropping of LP channel can be avoided based on very limited spec. modification.
Proposal 8: When HARQ-ACK is multiplexed into a CG PUSCH with the same priority, UTO-UCI is appended to the HARQ-ACK.
Proposal 9: If a UE is provided uci-MuxWithDiffPrio, reuse R17 intra-UE multiplexing procedure, where UTO-UCI is appended to the HARQ-ACK with the same priority, and treat them as R17 HARQ-ACK with priority X.
Conclusions
In this contribution, we discuss the CG PUSCH enhancement for supporting XR services with following proposals:
Proposal 1: Support Alt-C2 to determine time domain resource allocation of multiple CG PUSCHs in one CG period,
· For Type-1 CG, timeDomainAllocation in the rrc-ConfiguredUplinkGrant indicates a row of TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17.
· For Type-2 CG, relax the limitation that the time domain resource assignment field in CG activation DCI indicates a row with single SLIV.
Proposal 2: The HARQ process ID for the first configured PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [X*floor( CURRENT_symbol / periodicity) ] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) ] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· The HARQ process ID of the remaining configured CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by 1 with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
Proposal 3: If uplink skipping is enabled and no data is available for a CG PUSCH, the MAC does not generate a MAC PDU if there is no HARQ-ACK/CSI to be multiplexed in the CG PUSCH.
Proposal 4: If a DG PUSCH overrides a CG PUSCH in the PUSCH TO which is determined to transmit the UCI, as allowed in R17, the UCI should be multiplexed in the DG PUSCH.
Proposal 5: UTO-UCI should be configured per CG configuration and used to indicates the unused TO(s) within one CG period.
Proposal 6: The payload size of UTO-UCI can be configured by RRC or equals to the remaining configured CG PUSCHs in the period.
Proposal 7: If one CG PUSCH TO is indicated as unused by an early UTO-UCI, it cannot be indicated as used by a later UTO-UCI.
Proposal 8: When HARQ-ACK is multiplexed into a CG PUSCH with the same priority, UTO-UCI is appended to the HARQ-ACK.
Proposal 9: If a UE is provided uci-MuxWithDiffPrio, reuse R17 intra-UE multiplexing procedure, where UTO-UCI is appended to the HARQ-ACK with the same priority, and treat them as R17 HARQ-ACK with priority X.
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