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Introduction
In RAN1#112, design aspects related to “a CG PUSCH configuration with multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration”, referred to as “multi-PUSCH CG”, were discussed and several agreements were made [1]. This contribution considers remaining aspects for the support of “multi-PUSCH CG”.

Discussion
1.1 TDRA for “multi-PUSCH CG”
The following options were identified in RAN1#112bis for further consideration regarding the TDRA configuration for multi-PUSCH CG. 

	Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters



The above alternatives were extensively discussed in previous meetings. Alt-B is based on Rel-17 specifications and was considered during the SI phase for enabling multi-PUSCH CG. Alt-A1 and Alt-B practically provide a same operation. Repetitions for Alt-A1 have been defined to consider available slots (e.g. due to TDD operation), with same SLIV per slot, and the same can apply to Alt-B. Therefore, there is no apparent need/reason to consider Alt-A1.

Alt-C2 is proposed for “extra flexibility” in the TDRA configuration to provide independent SLIVs across slots in order to address the possibility of having different number of (consecutive) UL symbols across slots. It is noted that such configuration is similar to Type-B repetitions, was also considered for PUSCH Type-A repetitions in different slots, but was not agreed due to the absence of relevant deployments and the small gains (e.g. no point in utilizing a very small number of UL symbols in a slot, or no meaningful difference if the number of UL symbols are similar across slots and few symbols are not used in a slot with a somewhat larger number of symbols). Further, as the DCI activating the multi-PUSCH CG cannot be coordinated with SFI (if SFI is to also be supported), it is unclear why DCI-based indication is at all needed to enable different SLIVs in different slots. Instead, a single configuration of independent SLIVs in different slots (e.g. for available slots over the period of the semi-static UL-DL TDD configuration) would be sufficient (as if a single entry was always indicated by the DCI in Alt-C2) and provide a unified solution with Type-1 CG (i.e. have multiple SLIVs for timeDomainAllocation in rrc-ConfiguredUplinkGrant). If CG-PUSCH transmissions in non-consecutive available slots are to also be considered for Alt-C2 (although no reason since the objective is to minimize latency), there would require additional specification impact and signaling overhead. 

Overall, the optimization of Alt-C2 has marginal expected gains or applicable deployments, unclear necessity, if any, for DCI-based indication of separate SLIVs for CG-PUSCHs, and does not justify introducing duplicated specifications for a same functionality. It is also noted that the feature of multi-PUSCH CG for XR is already an optimization for a rather marginal scenario and a gNB can be expected to switch to DG-PUSCH after obtaining BSR (there is no reason for capacity purposes to keep using CG-PUSCH after a BSR report).
    
Proposal 1: Extend the Rel-16 NR-U design using cg-nrofSlots and cg-nrofPUSCH-InSlot to non-shared spectrum to support “multi-PUSCH CG”.


1.2 HPN Determination for “multi-PUSCH CG”
The following was agreed in RAN1#112bis for HPN determination for “multi-PUSCH CG”.

	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.



For the determination of X, the choices are X=1 or “X= the number of configured PUSCHs in the CG period”. X=1 corresponds to Rel-17 operation. The motivation to introduce “X= the number of configured PUSCHs in the CG period” is to maximize a gap between TOs using a same HARQ process ID in different CG periods. However, there is no apparent need to do so, there is no apparent problem with the Rel-17 operation, and any particular design will effectively become random in practice. As the traffic arrival is random, the first TO with actual CG-PUSCH transmission in different CG periods is random. Further, as the packet size in different CG periods is variable, the last TO with actual CG-PUSCH transmission in different CG periods is random. Similar considerations apply for TB retransmissions in different CG periods which will further distribute the TOs where a particular HARQ process ID is used last. Therefore, any particular design to maximize a gap between TOs in different CG periods that use a same HARQ process ID is largely unnecessary. The suggestion to add offset1 or offset2 follows similar considerations and is also redundant. There is also no reason to have an increment other than 1 for the HARQ process IDs of CG-PUSCHs after the first CG-PUSCH (i.e. Y=1).

Proposal 2: There is no change to the Rel-17 CG procedure when cg-RetransmissionTimer is not configured for determining the HARQ process ID for the first configured PUSCH in a period.


1.3 UTO-UCI 
The following was agreed in RAN1#112bis for the UTO-UCI indicating unused CG PUSCH transmission occasions.

	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

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 UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).

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 and/or CSI, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” and applied when applicable. 
· 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, when applicable.
· 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
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.



A first FFS is whether/how the unused TO(s) can be associated to multiple CG configurations. An indication for unused CG-PUSCH TOs is obviously functional for the case of a single CG configuration. Then, the question is what is the additional benefit from also enabling an indication of unused TOs for a first CG configuration to be provided in a CG-PUSCH of a second CG configuration. One such potential benefit can be an indication, via a CG-PUSCH of the second CG configuration, that a number of subsequent TOs for the first CG configuration are unused. However, it is unclear what the UE knows (and how), at the time of preparation for the CG-PUSCH of the second CG configuration, about subsequent arrival of traffic associated with the first CG PUSCH configuration in order to indicate that corresponding TOs would be unused. An incorrect indication for unused TOs will practically lead to failing the PDB and a next opportunity for indication of used TOs would be when there is a next CG-PUSCH transmission for another (e.g. the second) CG configuration. Also, the UE would need to predict materially into the future considering the delays associated with the gNB receiving the information for unused TOs, processing that information to adjust the scheduling in the unused TOs, and the additional PUSCH preparation time for scheduling in unused TOs for the first CG configuration. Therefore, the realization of the above potential benefit would not be typically feasible and, in general, the overall capacity gain would be marginal.       

Proposal 3: The indication of unused TOs is for the CG configuration associated with the CG-PUSCH providing the UTO-UCI.
 

A next FFS is about the encoding and multiplexing of UTO-UCI. In addition to the above agreement from RAN1#112bis, the following was agreed in RAN1#112.

	Agreement
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details



The agreement from RAN1#112 is generic and applicable regardless of whether or not there is other UCI in a CG-PUSCH. That implies that UTO-UCI is jointly encoded with HARQ-ACK and the remaining of the FFS in the agreement from RAN1#112bis do not need to be resolved. In general, given that the payload of the UTO-UCI would be small, joint coding would offer additional coding gains and opportunistic improvements in reliability, in addition to maintaining existing multiplexing procedures for UCI in a PUSCH. There is also no issue with not having enough resources to multiplex HARQ-ACK or UTO-UCI in a CG-PUSCH for XR as a corresponding total UCI payload would be several orders of magnitude smaller than the one for data information. Therefore, the procedures described in TS 38.212 and TS 38.213 for encoding and multiplexing of CG-UCI in a CG-PUSCH are directly applicable to UTO-UCI (by replacing CG-UCI with UTO-UCI). 

Observation 1:  The baseline agreement from RAN1#112 that “encoding and multiplexing for UTO-UCI in a CG-PUSCH applies encoding and multiplexing procedures for CG-UCI” is sufficient.


Residual issues for the UTO-UCI include the number of bits and whether the UTO-UCI indication can be variable in time within a period of a CG configuration. For the number of bits, and considering the more demanding case of an UL heavy TDD UL-DL configuration, a maximum of 8 bits, or possibly 16 bits in FR2, would be enough due to (a) the associated PDB, (b) the absence of need for multiple TOs per slot, and (c) that after 8/16 slots there would be sufficient time for the gNB to obtain BSR and switch to DG-PUSCH. The number of UTO-UCI bits can be configured by RRC. Assuming a single TO (single SLIV – no need for multiple CG-PUSCHs in a slot as that would only increase DM-RS overhead and reduce coding gains without offering any benefit) and for providing an unambiguous time reference for the indication, the time/duration range for the applicability of the bitmap of the UTO-UCI can a number of available slots for CG-PUSCH transmissions from the end of the CG period. 

Proposal 4: The number of UTO-UCI bits is configured by RRC with a maximum value of 8 or 16. The bitmap indicates TOs in RRC-based available UL slots from the end of the CG period.


Another issue is whether a TO indicated as ‘unused’ can be switched to ‘used’, or the reverse. There can be cases that a TO needs to be switched from ‘unused’ to ‘used’. For example, when a CG-PUSCH transmission in a slot is cancelled by a DG-based PUSCH transmission for a TB retransmission, or due to collision with another CG-PUSCH transmission, the remaining TB transmissions are then delayed by a TO and a previously ‘unused’ TO needs to be ‘used’. To avoid error cases associated with missed UL grants, the UE can indicate in each CG-PUSCH the subsequent TOs that the UE expects to use or not use. To simplify the overall operation without additional signaling or assumptions for gNB processing/scheduling, TOs switched from ‘unused’ to ‘used’ can be after a last ‘used’ TO based on the previous UTO-UCI indication. Alternatively, if error cases of missing UL grants can be ignored, a UE can be assumed to automatically extend the ‘used’ TOs in a period of a CG configuration when the UE cancels a corresponding CG-PUSCH transmission. 

Additional reasons were suggested for switching an ‘unused’ TO to a ‘used’ TO, such as additional traffic generation for a CG configuration within a period but, as a CG configuration is associated with a traffic type (e.g. pose/control, video, audio) that is generated periodically, it is not clear how would a UE generate such additional traffic within a same CG period. Further, a TO previously indicated as ‘used’ may be switched to ‘unused’, for example if the UE determines that the PDB would not be met and is configured to drop remaining CG-PUSCHs in such case, but that need not have RAN1 specification impact. Therefore, a UE need not be restricted what indication to provide among UTO-UCI values in different CG-PUSCHs.

Proposal 5: The indications by UTO-UCI in CG-PUSCHs within a CG period are independent. 

Proposal 6: Consider one of the following: 
(a) A TO previously indicated as ‘unused’ can be switched to ‘used’ when it is after a last TO previously indicated as ‘used’.
(b) A UE automatically extends used TOs in a period when the UE cancels a CG-PUSCH transmission for a CG configuration. 


1.4 Other topics
A number of other topics were discussed in previous meetings and did not have sufficient support for further consideration. One issue that is unavoidable for XR due to the PDB requirements and the existence of multiple flows (e.g. pose/control, video, audio) is the collisions among CG-PUSCH transmissions of different CG configurations, especially in the NR TDD bands but also in FDD. That issue is similar to the one for IIoT in the DL and NR supports a collision resolution procedure for SPS PDSCH receptions. As a baseline, that procedure needs to also apply for CG-PUSCH transmissions and RAN1 may discuss if any XR-specific enhancements are needed.

Proposal 7: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs. XR-specific enhancements may also be considered.


Conclusions
This contribution considered aspects for supporting “multi-CG PUSCH” and proposes the following.

Proposal 1: Extend the Rel-16 NR-U design using cg-nrofSlots and cg-nrofPUSCH-InSlot to non-shared spectrum to support “multi-PUSCH CG”.

Proposal 2: There is no change to the Rel-17 CG procedure when cg-RetransmissionTimer is not configured for determining the HARQ process ID for the first configured PUSCH in a period.

Proposal 3: The indication of unused TOs is for the CG configuration associated with the CG-PUSCH providing the UTO-UCI.

Proposal 4: The number of UTO-UCI bits is configured by RRC with a maximum value of 8 or 16. The bitmap indicates TOs in RRC-based available UL slots from the end of the CG period.

Proposal 5: The indications by UTO-UCI in CG-PUSCHs within a CG period are independent. 

Proposal 6: Consider one of the following: 
(a) A TO previously indicated as ‘unused’ can be switched to ‘used’ when it is after a last TO previously indicated as ‘used’.
(b) A UE automatically extends used TOs in a period when the UE cancels a CG-PUSCH transmission for a CG configuration. 

Proposal 7: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs. XR-specific enhancements may also be considered.


In addition, the following observations are made. 

Observation 1:  The baseline agreement from RAN1#112 that “encoding and multiplexing for UTO-UCI in a CG-PUSCH applies encoding and multiplexing procedures for CG-UCI” is sufficient.
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