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Introduction
In RAN1#112 meeting and RAN1#112bis e-meeting, we discussed some high priority issues for XR-specific capacity enhancements and some agreements were achieved [1, 2], which can be found in Appendix.
In this contribution, we discuss the potential issues on the enhancements for XR-specific capacity and provide our views.
Discussion
2.1	Multi-PUSCHs CG configuration
2.2.1	TDRA
In RAN1#112bis e-meeting, Alt-A1, Alt-B, and Alt-C2 agreed in in RAN1#112bis were prioritized for further downscoping. In addition, we need to consider how to configure multi-PUSCHs CG under TDD configuration.
Among the alternatives given above, the key difference is whether multiple CG PUSCH TOs in a CG period can configure different time domain resources. In R16, different time domain resources with overlapping for different CG periods can be configured by the gNB, so as to select the most appropriate time domain resources to send when the uplink transmission service arrives, thus reducing the time delay. From our perspective, in R18, the biggest motivation for configuring different time domain resources in a CG period is to match packages of different sizes of XR services. However, UE can be configured different CG periods by the gNB for the same terminal, and different CG periods can correspond to different TDRA. The UE can choose the most suitable CG PUSCH TO to transmit XR service in different CG periods. Therefore, it is not necessary to allocate different time domain resources for different CG PUSCH TOs within a CG period, and Alt-A1 and Alt-B should be prioritized for determination of the TDRA of CG PUSCHs associated to a multi-PUSCHs CG.
Proposal 1: Alt-A1 and Alt-B should be prioritized for determination of the TDRA of CG PUSCHs associated to a multi-PUSCHs CG.
In the existing protocol, downlink symbols are indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for UE if provided. The multi-PUSCHs CG may conflict with the downlink symbol if the attribute of the actual symbol for valid slots are not taken into account. In addition, SS/PBCH block also has the similar problem. In R17, the following mechanism is adopted for TB repetition for uplink transmissions of PUSCH repetition Type A with a configured grant. R18 should study a similar mechanism for TB repetition if multi-PUSCHs CG configured. For example, the number of valid CG PUSCH TOs N in a CG configuration is applied to the calculation of valid slots.
	-----------------------
For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, 
-	For unpaired spectrum:
-	If AvailableSlotCounting is enabled, the UE shall repeat the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot.
-	A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	Otherwise, the UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.
-----------------------
Cited from TS 38.214


Proposal 2: TB repetition for uplink transmissions of PUSCH repetition Type A with multi-PUSCHs CG configuration should be studied in RAN1.

2.2.2	HARQ process ID
In RAN1#112b e-meeting, the following agreement are agreed for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG based on the proposals offered by the companies.
	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.



Configuring different HARQ process IDs for different PUSCHs facilitates scheduling flexibility, but consumes more HARQ process IDs. The same HARQ process ID can be used for multiple PUSCHs, which limits scheduling, but saves HARQ process ID resources. When the number of CG PUSCH TO that can be configured in a CG period is small, it makes sense to configure different HARQ process IDs for different PUSCHs so that the UE does not have to wait and can freely choose the CG PUSCH to send. In addition, if the HARQ process ID of the remaining CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period, the maximum HARQ process ID can be obtained by the formula HP IDmax = Y*(X-1)+HP ID1st PUSCH . If the number of CG PUSCH TO that can be configured in a CG period is large, the maximum HARQ process ID may exceed 16. This situation needs to be avoided in order to avoid unnecessary complexity.
Proposal 3: If the HARQ process ID of the remaining CG PUSCHs in the period is determined by incrementing the HARQ process ID of the first configured/valid PUSCH in the period, the maximum HARQ process ID cannot be exceed 16.
The motivation for introducing “Y” is to determine the HARQ process ID of the remaining PUSCHs, and Y=1 is sufficient for this motivation, so there is no need to introduce other values. In addition, the introduction of X is the key for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, and X needs to be retained as the number of configured PUSCHs in the CG period.
Proposal 4: Support Y=1 for determining the HARQ process ID of the remaining CG PUSCHs.
Proposal 5: Support X= the number of configured PUSCHs in the CG period.
From our perspective, Offset 1 and Offset 2 have the similar function, there is no need to keep both. The gNB can also avoid some problems of fuzziness by reasonably assigning the number of CG PUSCH TO in a period and the location of CG PUSCH time domain resources.
Proposal 6: Support to remove Offset 1 or Offset 2 for determining the HARQ process ID of the remaining CG PUSCHs.

2.2	Dynamic Indication for Multi-PUSCHs CG
2.2.1	Dynamic Indication
In RAN1#112b meeting, the following two agreements are agreed for dynamic indication based on the proposals offered by the companies.
	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 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 the previous discussion, the UTO-UCI should be included in every CG PUSCH that is transmitted. Suppose the time duration/range is fixed equal to a certain length of time, such as a CG period. The bitmap size is constant in a CG period, but the number of CG PUSCH TOs that needs to be indicated in a CG period gradually decreases with the change of the CG PUSCH TO where UTO-UCI is located. For example, as shown in Figure 1, the number of CG PUSCH TO that UTO-UCI 0 included in TO 0 needs to indicate is 5, and the number of CG PUSCH TO that UTO-UCI 1 included in TO 2 needs to indicate is 3. Therefore, the corresponding valid bits of UTO-UCI in different CG PUSCH TOs need to be studied. 


Figure 1: CG PUSCH TOs that needs to be indicated for dynamic indications in different TOs
Observation 1: The number of CG PUSCH TOs that needs to be indicated in a CG period varies with the change of the CG PUSCH TO where UTO-UCI is located.
Proposal 7: The corresponding valid bits of UTO-UCI in different CG PUSCH TOs need to be studied in RAN1.
In addition, the inclusion of UTO-UCI in each CG PUSCH transmission is bound to lead to an increase in overhead, further aggravating the problem if the bitmap size is defined too large. Base on this, the gNB can continuously receive the UTO-UCI for several times, and then the understanding of the remaining TO can be constantly updated. In the case of better channel conditions, this repetition is meaningless. Even if the reliability of the transmission can be increased, the overhead becomes significant, especially if the number of CG PUSCH TO be configured in the CG period is too large. From this perspective, the size B of the bitmap in UTO-UCI is not necessarily the same as the number X of CG PUSCH TO in a CG period. For example, B can be configured less than X.
Proposal 8: The size of the bitmap in UTO-UCI can be configured less than the number of CG PUSCH TO in a CG period. 


Figure 2: CG period includes multiple sub-durations corresponding to different dynamic indications
In the previous discussion, the CG PUSCH TO indicated by the UTO-UCI needs to be within a time duration/range. The sub-duration corresponding to dynamic indication information also needs to be discussed first to ensure that the gNB and UE can reach the same sub-duration for the application of dynamic indication information. Whether the protocol predefines a fixed time range for dynamic indication or the gNB configures a time range for the UE needs further discussion. As shown in figure 2, if the size of the bitmap in UTO-UCI can be configured less than the number of CG PUSCH TO in a CG period, the sub-duration can also be configured less than the CG period.
Proposal 9: The sub-duration corresponding to dynamic indication information should be discussed in RAN1.

2.1.2 Overriding indications
From the perspective of UE, the UE can reserve one or more CG PUSCH TOs that are indicated to be used but actually unused. The main reason of this feature is that the UE does not know whether some CG PUSCH TOs can be released to provide the gNB for reusing. When sub-durations corresponding to different dynamic indications do not overlap, the information for the usage status of the reserved CG PUSCH TO can only be indicated once and cannot be updated, which may cause the time-frequency resources corresponding to the reserved CG PUSCH TO to be wasted. Assuming that the UE sends different dynamic indications with overlapping time windows, the UE will have chance to update the information for the usage status of the reserved CG PUSCH TO, which can avoid that time-frequency domain resources corresponding these CG PUSCH TOs are not eventually allocated by the gNB. As shown in Fig. 2, although TO 2 and TO 3 are indicated as ‘used’ by UTO-UCI 0, the UE can update the indication information of TO 2 and TO 3 as “unused” by UTO-UCI 1, and the gNB still reallocates the time-frequency resources corresponding these TOs to other UEs. Especially when a CG period is too long in the time domain, the need for UEs to send multiple dynamic indications increases. Therefore, RAN1 needs to discuss whether UE is allowed to send multiple dynamic indications with overlapping time windows.


Figure 4: Different dynamic indications with overlapping time windows
Observation 2: The time-frequency resources corresponding to the reserved TO will be wasted if the overriding indication are not supported for dynamic indication for Multi-PUSCHs CG.
Proposal 10: Whether the overriding indication is supported for dynamic indication for Multi-PUSCHs CG should be discussed in RAN1.

2.1.3 Timeline for dynamic indication
One objective of the discussion for XR-specific capacity enhancements is to improve system throughput. Therefore, gNB should allocates idle resources of unused TO(s) indicated by a UE to the other UEs through dynamic scheduling or other means. From the perspective of the UEs scheduled by the gNB on the unused TO(s), they need to have sufficient time to receive PDCCH sent by the gNB before sending their PUSCH. Therefore, sufficient time needs to be reserved for the gNB to perform uplink scheduling after receiving the dynamic indication sent by UE, otherwise the indicated idle resources cannot be reused in a timely manner. The reserved time needs to include at least the time for gNB to send a DCI and the time for UE to process the DCI and prepare the PUSCH. So the timeline for dynamic indication needs to be discussed in RAN1. 
Proposal 11: RAN1 should prioritize the discussion of the timeline for dynamic indication.
In order to ensure that the gNB can reschedule unused TO(s), three potential options can be considered to define timeline, as follows:
· Option 1: From the TO including the UCI to the time window
· Option 2: From the TO including the UCI to the first TO in the time duration
· Option 3: From the TO including the UCI to the first unused TO in the time duration


Figure 3: Timeline of three options
When the first TO in the time duration is not an unused TO, option 3 can provide more rescheduling time for the gNB, which can ensure that the unused TO can be reused by other UEs. Option 1 and option 2 can provide more preparation time for UE that sends dynamic indication information, and can determine the usage state of TO in the time duration more accurately, avoiding TO that is indicated as used, but in fact the UE does not use the TO. Technically speaking, all options are workable, and the details of timeline based on the three options should be further discussed. 
Proposal 12: Three potential options can be considered to define the timeline for dynamic indication, as follows:
· Option 1: From the TO including the UCI to the time window
· FFS details
· Option 2: From the TO including the UCI to the first TO in the time duration
· FFS details
· Option 3: From the TO including the UCI to the first unused TO in the time duration
· FFS details

2.1.4 Enable dynamic indication
As mentioned in 2.2.1, including UTO-UCI in every transmitted CG PUSCH causes significant signaling overhead. In addition, in the scenario of busy uplink services, the number of unused TO is limited, and the CG PUSCH TO carrying UTO-UCI accounts for a large proportion of the total number of CG PUSCH TO in a CG period, which will damage the throughput of XR services. In this case, there needs to be a mechanism to restrict UE sending to UTO-UCI. For example, a gNB uses RRC signaling to configure whether dynamic indication is enabled or not.
Proposal 13: How to enable dynamic indication needs to be studied to ensure that dynamic indication can be applied in reasonable scenarios.

2.1.5 Dynamic indication for the other CG configuration(s)
If a dynamic indication can only be applied to the CG configuration which includes the CG PUSCH TO containing the dynamic indication, a disadvantage cannot be avoided that the first CG PUSCH TO in each CG period cannot be indicated by the dynamic indication. Besides, if the dynamic indication can be used for other CG configurations, then the unused CG PUSCH TO can be indicated earlier. Therefore, a dynamic indication should not be restricted to apply only to the CG configuration containing the dynamic indication.


Figure 3: Dynamic indication for the other CG configuration
Proposal 14: Support a single UTO-UCI to provide information for a CG configuration which doesn’t include the single UTO-UCI.
In addition, it is beneficial for lower signaling overhead that the dynamic indication indicate unused CG PUSCH TOs across multiple CG configurations. Therefore, dynamic indication for more than one CG configuration should be further discussed.
Proposal 15: Dynamic indication for more than one CG configuration should be discussed in RAN1.
2.3	Others
2.3.1 Channel multiplexing for Multi-PUSCHs CG
In RAN1#112b e-meeting, the following agreement is agreed for dynamic indication based on the proposals offered by the companies.
	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.


The UTO-UCI should not have an impact on existing system performance, so it is reasonable to drop the UTO-UCI first once joint encoding is not configured. If gNB determines that the UTO-UCI has a higher priority in some scenarios, the UTO-UCI can be left preferentially through gNB’s configuration, for example, an RRC signaling. Before doing so, however, it needs to be clarified if there are clear scenarios where UTO-UCI has a higher priority.
Observation 3: The design of dropping rule needs to consider the impact on legacy system performance.
Proposal 16: If needed, a RRC signaling can be used as an indication that UTO-UCI is protected first.

2.3.2 Reusable resource
In RAN#99 meeting, updated WID for RAN1 has confirmed that UE indicates the unused CG PUSCH transmission occasion by a UCI. From the perspective of gNB, the reusable resource of the indicated TO can be allocated flexibly. For example, the reusable resources can be scheduled to the UE that sents the dynamic indication to the gNB or the other UEs, and it depends on the implementation of the gNB. 
Observation 4: The resource of the unused CG PUSCH transmission occasion can be allocated flexibly based on gNB’s implementation.
Proposal 17: The gNB can allocate reusable resources to any UE, including the UE that sends UCI carrying the dynamic indication.

Conclusion 
In this contribution, we discuss possible issues on Rel-18 XR-specific capacity enhancements. Regarding the conditions where the dynamic indication for the CG PUSCH transmission occasion is required, we have the following conclusion:
Observation 1: The number of CG PUSCH TOs that needs to be indicated in a CG period varies with the change of the CG PUSCH TO where UTO-UCI is located.
Observation 2: The time-frequency resources corresponding to the reserved TO will be wasted if the overriding indication are not supported for dynamic indication for Multi-PUSCHs CG.
Observation 3: The design of dropping rule needs to consider the impact on legacy system performance.
Observation 4: The resource of the unused CG PUSCH transmission occasion can be allocated flexibly based on gNB’s implementation.
Proposal 1: Alt-A1 and Alt-B should be prioritized for determination of the TDRA of CG PUSCHs associated to a multi-PUSCHs CG.
Proposal 2: TB repetition for uplink transmissions of PUSCH repetition Type A with multi-PUSCHs CG configuration should be studied in RAN1.
Proposal 3: If the HARQ process ID of the remaining CG PUSCHs in the period is determined by incrementing the HARQ process ID of the first configured/valid PUSCH in the period, the maximum HARQ process ID cannot be exceed 16.
Proposal 4: Support Y=1 for determining the HARQ process ID of the remaining CG PUSCHs.
Proposal 5: Support X= the number of configured PUSCHs in the CG period.
Proposal 6: Support to remove Offset 1 or Offset 2 for determining the HARQ process ID of the remaining CG PUSCHs.
Proposal 7: The corresponding valid bits of UTO-UCI in different CG PUSCH TOs need to be studied in RAN1.
Proposal 8: The size of the bitmap in UTO-UCI can be configured less than the number of CG PUSCH TO in a CG period.
Proposal 9: The sub-duration corresponding to dynamic indication information should be discussed in RAN1.
Proposal 10: Whether the overriding indication is supported for dynamic indication for Multi-PUSCHs CG should be discussed in RAN1.
Proposal 11: RAN1 should prioritize the discussion of the timeline for dynamic indication.
Proposal 12: Three potential options can be considered to define the timeline for dynamic indication, as follows:
· Option 1: From the TO including the UCI to the time window
· FFS details
· Option 2: From the TO including the UCI to the first TO in the time duration
· FFS details
· Option 3: From the TO including the UCI to the first unused TO in the time duration
· FFS details
Proposal 13: How to enable dynamic indication needs to be studied to ensure that dynamic indication can be applied in reasonable scenarios.
Proposal 14: Support a single UTO-UCI to provide information for a CG configuration which doesn’t include the single UTO-UCI.
Proposal 15: Dynamic indication for more than one CG configuration should be discussed in RAN1.
Proposal 16: If needed, a RRC signaling can be used as an indication that UTO-UCI is protected first.
Proposal 17: The gNB can allocate reusable resources to any UE, including the UE that sends UCI carrying the dynamic indication.
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Appendix
RAN WG1 #112

	Agreement
· Multi-PUSCHs CG is supported for Type-1 configured grant.
· Multi-PUSCHs CG is supported for Type-2 configured grant.

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-A: TDRA determination based on repetition framework. 
· 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-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
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-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· 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

Agreement
For the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.

Conclusion
RAN1 discusses to decide how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.

Agreement
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, consider the following alternatives:
· Alt. 1:  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 period duration divided by X instead of the period duration.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.
· Alt 1-1; X = 1
· Alt 1-2: X is the number of configured PUSCHs in a period
· Alt 1-3: X is provided by RRC configuration.
· FFS details
· Alt. 2: Support that UE can decide, as in NR-U, the HARQ IDs for the multiple CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· FFS details	
· Alt. 3: The HARQ process ID for the configured PUSCHs in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· FFS on potential enhancements different from previous alternatives
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· FFS details
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· FFS details
· Alt. 4:  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.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS on potential enhancements different from previous alternatives
· Alt 5: Support that UE can decide, as in NR-U, the HARQ IDs for the first CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS details
· Alt 6: FFS other solutions
Note: The case of one TB map to multiple PUSCHs is not considered here.

Agreement
The physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.

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
XK：CG
Agreement
Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details

XK：alt-
Agreement
For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.

Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
· Other options are not precluded. Proponent companies to provide details. 
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	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 CG PUSCHs in a multi-PUSCHs CG configuration, MCS of the CG PUSCHs in the CG configuration are the same between different PUSCH occasions

Agreement
For CG PUSCHs in a multi-PUSCHs CG configuration, FDRA of the CG PUSCHs in the CG configuration are the same between different PUSCH occassions

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

Agreement
· With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
· 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 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
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.
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