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1. [bookmark: _Ref87036880]Introduction
In the last meeting, following agreements have been made for XR enhancements [1].
	Related to Multiple CG occasion:
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
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.

Related to unused resource indication:

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.

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.



2. Discussion
In this contribution, we present our views on the XR-specific capacity enhancements. Specifically, we provide potential issues and possible solutions for XR capacity enhancement techniques. 
	
2. Multiple CG occasions in a period of a single CG PUSCH configuration
Considering XR traffic characteristic, like AR/VR video, frames are periodically generated but the size of each frames are not predictable. Also, due to different frame size, small jitter can occur at each frame generations. To support those traffics efficiently, it has been discussed to use multiple CG occasions per frame. UE can freely use a number of PUSCHs per frame according to the video frame size, as well as to mitigate jitter impact.
Until Rel-17 NR, it is not possible to allocate multiple CG occasion for different TBs in a period with single configuration. Therefore, gNB have to configure multiple CG configurations for UE, in order to allocate multiple PUSCHs as a burst. Multiple configurations could be easiest way to support multiple CG occasions, but it could be hassle, since gNB needs to activate CG configurations one by one. 
In the last meeting, it has been agreed to study three types of approach with exception of Alt-A with PUSCH repetition type B, and Alt-C with TDRA entries in Rel-16 , which are based on existing specification. 
· Alt-A: Configure a resource with repetition pattern in a period as like performing repetition configured grant in NR
· Alt-B Configure a resource based on two parameters; cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, which means the number of resources in slot and the number of such slots in period as like allocation configured grant transmission occasion in NR-U
· Alt-C Schedule a TDRA row configured with multiple SLIVs 

Regarding Alt-A with repetition Type A, the same PUSCH allocation can be acquired by Alt-B. Since Alt-B is superset of Alt-A, Alt-B could be prioritized than Alt-A.  
Comparing Alt-B and Alt-C, we think Alt-C is more preferable since it has better flexibility. Especially, Alt-C can allocate PUSCH bursts with arbitrary intervals, which is highly required to support traffic having non-integer periodicities. 

Proposal 1: Support multiple CG occasions in a period based on a TDRA table where each row includes multiple SLIV values for CG.
· FFS : DMRS mapping type, repetition type, numberOfRepetitions

In the current specification, it is specified as an error case that a TDRA row has multiple SLIVs with repetition factors larger than 1. Considering XR requirement, it could be beneficial to support repetition and multiple CG occasions in a period at the same time. 

Proposal 2: It is necessary to investigate how to support the repetition for each of multiple SLIVs in a same TDRA row.

With enhanced TDRA table, UE can be indicated with multiple SLIVs via the CG activation DCI, in case of Type-2 CG. For Type-1 CG, it is a bit complicated since there is no activation DCI so there is no DCI format. Instead, Type-1 CG uses virtual DCI format consisted of RRC parameters. It is not possible to assign specific TDRA table for Type-1 CG. Therefore, it is necessary to discuss how Type-1 CG can be supported with enhanced TDRA table. In the existing specification, Type-1 CG bring TDRA table from DCI format 0_1 or 0_2, which is configured same repetition types. If we design a new allocation methodology for configured grant, it seems necessary to discuss how to determine TDRA table for Type-1 CG if new resource allocation method is used.

Proposal 3: It is necessary to investigate how to determine TDRA table for Type-1 CG for new resource allocation method.

Also, TDRA table may have different K2 values for different SLIVs to distribute multiple CG occasions in a period. Especially, if the method of indicating multiple SLIVs in a DCI is used, Type-2 CG may utilize the information to allocate CG PUSCH arbitrarily. 
However, Type-1 CG configuration ignores K2 value of given TDRA row since there is already slot level offset for Type-1 CG. In other words, given K2 value has been ignored in Type-1 CG resource allocation. Until Rel-17, it doesn’t make any issue since all resource starts with the first slot in the periodicity and uses consecutive slots. Therefore, related UE behavior should be changed to allocate multiple CG occasions in a period of Type-1 CG. It seems necessary to discuss how to apply K2 information for Type-1 CG resource allocation.

Proposal 4: Discuss how to apply the enhanced TDRA for Type-1 CG. 

0. HARQ process ID allocation for multiple CG PUSCH in a period.
If multiple CG occasion can be configured in period, it is necessary to define how to determine HARQ process ID for those CG occasions. In the last meeting, following equation was agreed with Y, where 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. 
HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2

First of all, it is necessary to decide whether HARQ process ID is based on configured CG occasion or valid CG occasion. In our view, it seems not necessary to consider valid CG occasion only, since it make unnecessary complication, like uneven distance between two CG occasions mapped to same HARQ process ID. This would make it difficult to determine proper CG timer length.

Proposal 5: Consider “configured” CG occasion for HARQ process ID determination. 

Regarding value of X, it is beneficial to make X equal to the number of configured PUSCHs in the CG period, in order to guarantee longest interval between same HARQ process ID than X=1. 
Regarding the position of X, it seems better to put X inside of floor function for simplicity. There might not be an issue since the floor function has been implemented in same way from Rel-15. 
Regarding Y, we think it is another unnecessary complication. It seems like just to use different number system and also could make uneven gap between two CG occasions mapped to same HARQ process ID. We don’t think actual benefits from having such complication.
Regarding offset 1 or 2, it seems necessary to support multiple CG configuration with same HARQ process ID. For example, the offset could make CG occasions with different starting have same HARQ process ID. It would help to reduce HARQ ID collision, especially when multiple CG configuration is allocated with different starting offset for low latency. However, even in this case, either offset 1 or 2 is needed and the offset need to be semi-statically configured.

Proposal 6: Confirm working assumption with the following aspect. 
· 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
· 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.
· X= the number of configured PUSCHs in the CG period
· Y=1
· Offset 1 is configured by RRC. 
· Offset 2= 0 

2. Dynamic indication of the unused CG PUSCH by UE
In the existing specification, UE can skip CG PUSCH occasion according to its buffer status so that transmit power can be saved. However, at the gNB side, it is highly limited to re-use the CG PUSCH occasion skipped by UE, since there is no explicit indication from UE that wouldn’t use the CG PUSCH. In the last meeting, it has been agreed to support dynamic indication of unused CG PUSCH occasion from UE, in short, unused resource indication; hereinafter referred as “URI”.
To support URI, following aspects has been discussed in the last meeting.
· UE transmits URI on every transmitted PUSCH 
· URI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”
· The existing CG-UCI encoding and multiplexing procedures are reused for encoding of the URI

2.1.1. Where URI is transmitted 
If UE transmits URI on every PUSCH, more than one URI can be sent for a same CG PUSCH. In that case, it is necessary to define how to handle such duplicate indication. A reasonable approach is to let UE change only the PUSCH previously indicated as non-unused (i.e., the change from “non-unused” to “unused” is allowed). On the other hand, once a PUSCH is indicated as “unused”, gNB would utilize the resource for other purpose. In that case, it is not possible for UE to get PUSCH back for their purpose (i.e., the change from “unused” to “non-unused” is not allowed). Thus, we propose to set that only PUSCH previously not indicated as unused is mutable.

Proposal 7: Following two principles are to be considered for the URI indication for a same PUSCH occasion.
· Once a PUSCH occasion has been indicated as unused, it cannot be indicated as non-unused by URI
· Only the PUSCH occasion previously not indicated as unused, can be indicated as unused by URI

2.1.2. Where URI indicates 
Considering XR traffic characteristic, the purpose of CG usage indication is adaptive resource utilization for XR traffic. For example, based on encoding result of XR video traffic, UE can determine how many PUSCHs are required for the encoded video frames. If gNB already schedules a plenty of CG resources for the latency, UE may indicate how many CG occasions would be used (or unused) via CG usage indication, and gNB may utilize remaining unused UL resources for other purposes. Given that, it is important how to indicate CG usage with the guarantee of the time to re-schedule. 

Observation: The re-scheduling time (in gNB side) should be guaranteed in between where UE transmit URI and the beginning of unused resources indicated by the URI. 

To make URI information useful, it should be based on real buffer status and proper prediction. If UE has data to send in its buffer, UE may know next CG occasion need to be used. However, these kind of information is not useful to enhance XR capacity. In order for UE to determine unused resources, the UE needs to be able to predict the buffer status at a future. Without optimistic assumptions about XR awareness, the unused resource indicated by URI might be limited to the CG occasions that are close to where URI transmitted. 

Observation: The range of unused resource that can be indicated by URI might be limited without XR-awareness information.
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Figure 1. An example of the range of URI
Based on above observation, we think the range of URI should be based on where URI is transmitted. For example, the range of URI starts X symbol after where URI transmission ends, and its length is given by gNB configuration in symbols based on UE capability, where X is the re-scheduling time required in gNB side. Otherwise, for simplicity and to keep fixed information size, the range can ends at the last of CG PUSCH in current or next period.

Proposal 8: The range of unused resource that can be indicated by URI is determined based on where URI is transmitted. 
· The first CG PUSCH indicated by URI starts no earlier than X symbol after where URI transmission ends, where X is re-scheduling time required by gNB.
· The last CG PUSCH starts no later than Y symbol after the beginning of the first CG PUSCH, where Y is provided by gNB configuration based on UE capability
· FFS: How to define X and Y

Considering that, we may need to exclude the information about usage of CG occasion in a time duration for ensuring re-scheduling time required by gNB, from URI. Since it is not possible to re-scheduling another PUSCH even if UE indicates a CG occasion as unused in those duration, those indications would be considered pure redundancy. 

Proposal 9: No URI information is created/constructed for a resource in a time window starting from the end of PUSCH where URI transmitted and which ends after X symbols, where X is re-scheduling time required by gNB.

2.1.3. How to construct and apply URI information.
In the last meeting, it has been agreed to indicate unused TO via bitmap, where each bit is mapped to a TO in a time duration. Thus, the next step is to discuss how to define the time duration for the bitmap. 
To save signaling overhead, following points could be considered to decide the time duration. 
· Previous CG PUSCH including CG PUSCH carrying URI are not necessary to be included in the time duration. 
· As mentioned in section 2.2.2, it is beneficial to guarantee re-scheduling time required by gNB. For example, the time duration could start after X symbols from the CG PUSCH carrying URI. 
· It is necessary to discuss whether the time durations or the ending of time duration for bitmap are same for a group of CG PUSCHs or time durations are separately determined per CG PUSCHs. 

First and second point are to omit unnecessary information from URI. Third point is design principle. For an example, URI on PUSCH can indicate usages of remaining CG PUSCHs in a period (accordingly, the time duration for bitmap may not be changed across CG PUSCHs in period). For another example, URI on PUSCH can indicate usages of upcoming N CG PUSCHs so all URI indicates N bits (accordingly, the time duration for bitmap would be changed across CG PUSCHs in this case). If the time duration is separately determined, the size of bitmap could be fixed, which makes UE and gNB implantation easier. If URIs on a group of PUSCHs share the same time duration or the same ending of the time durations, it would be more aligned with the use case such as indicating the number of transport block per video frame. From those point of view, we propose following:

Proposal 10: URI provides a bitmap where a bit corresponds to a TO within a time duration/range, where the time duration range has following aspects:
· The time duration starts after X symbols from the CG PUSCH carrying URI. The number X is configured by gNB.
· The end of the time duration could be following from starting :
· Option 1: the time duration for bitmap is separately determined per CG PUSCHs (e.g. URI on PUSCH can indicate usages of upcoming N CG PUSCHs, and accordingly the time duration for bitmap would be changed across CG PUSCHs)
· Option 1-1: after Y symbol. 
· Option 1-2: after Y configured/valid CG PUSCH. 
· Option 2: the ending of time duration can be same for a group of CG PUSCHs (e.g. URI on PUSCH can indicate usages of remaining CG PUSCHs in a period, and accordingly the time duration for bitmap may not be changed across CG PUSCHs in period)
· Option 2-1: every Y period.
· Option 2-2: end of the period.

From Rel-16, multiple configured grants can be configured for a UE. We need to consider to support URI in this scenario. Straightforward approach is sent URI separately. However, it seems not work based on the current specification. 
According to the current specification, when UE has multiple grants either configured or dynamically scheduled, it is up to UE which grant is used. Therefore, if UE doesn’t indicate all the PUSCHs in the period time (as unused), gNB cannot utilize any of resources. To make the feature meaningful we propose following.
Figure 2, 3 and 4 shows the scenarios of multiple PUSCH scheduled to a UE. Based on the current specification, UE would choose one of PUSCH and prioritize it. In Figure 2, UE choose 2nd configuration in the previous period. If URI is configured per configuration, UE can indicate only one configuration in URI for the next period as well. However, that information seems not that meaningful. Since UE still has possible to transmit PUSCH in the 1st and 3rd configuration, gNB can be guaranteed to utilize the indicated PUSCH resource only for the small red area. 
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Figure 2. A scenario of multiple configuration

To solve this problem, we can consider to transmit multiple URI for each CG, however, it is not possible. Since those PUSCH cannot be transmitted at the same time in the previous period.
[image: ]
Figure 3. A impossible scenario of multiple URI for multiple configuration

Figure 4 shows a potential solution. Firstly, if URI indicate a time window, we can apply the time window regardless of where it comes from. Or if URI indicate unused CG occasion itself, we can assume other overlapped CG occasion or DG PUSCH with the CG occasion would be unused as well. 
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Figure 4. An example of proposal to manage multiple configuration with single URI

Proposal 11: If URI indicate a time window or a CG occasion as unused, UE treats other PUSCHs overlapped in a time with the indicated time window or the indicated CG occasion as unused.

Otherwise, if UE is configured with multiple CG configurations, it may be necessary to multiple URI configuration to indicate unused resource in different CG configuration. It could be hassle especially when URI is transmitted on CG-UCI, since only MAC layer knows which PUSCH would be transmitted. Some PUSCHs might be dropped, so it would be difficult for gNB to get URI information. To solve this issue, it can be considered to apply the URI transmitted via a CG configuration to the other CG configuration. A parameter indicating CG configuration to which URI applies could be necessary. By doing so, gNB only need to get single URI information to manage multiple CG configuration. This approach is beneficial when CG configuration (e.g. CG1) for pose data, which have short periodicity, handles other CG configuration (e.g. CG2) for like video (for example, URI is transmitted via CG1 and the URI indicates unused resource on CG2).

Proposal 12: Support to apply URI transmitted via a CG configuration to the other CG configuration. 
· A parameter indicating CG configuration to which URI applies can be provided by gNB.

Once UE generated an information of URI, UE has to avoid using indicated (as unused) CG PUSCH occasion. In addition to this, to make empty uplink resource, UE need to drop other PUSCH overlapped with the indicated CG PUSCH. 

Proposal 13: a PUSCH indicated by URI and other PUSCH overlapped with the PUSCH are assumed to be dropped. 
· No MAC PDU is generated for those CG PUSCHs. 

2.1.4. How to multiplex URI on PUSCH
To multiplex URI on PUSCH, it has been agreed to use encoding and multiplexing procedures for CG-UCI as baseline. Basically, URI can be multiplexed in the same way with CG-UCI even in NR licensed band. In the last meeting, it has been agreed that the URI can be multiplexed into CG PUSCH in the similar way to CG-UCI. However, there are differences between URI and CG-UCIs. 
According to the current specification when CG-UCI and HARQ-ACK is overlapped, UE drop PUSCH and CG-UCI if cg-UCI-Multiplexing is not configured. It is reasonable to drop PUSCH and CG-UCI, since CG PUSCH cannot be received at the gNB side if CG-UCI is not included in NR-U. However, in NR licensed band, it seems not necessary to drop whole PUSCH due to CG-UCI. However, if URI is multiplex with PUSCH as like CG-UCI, and if we follow the same procedure, HARQ-ACK PUCCH would make PUSCH and URI drop, which is not desirable. 
As we described above, missing URI is not that critical. Thus, the reasonable approach would be drop URI only and multiplex HARQ-ACK on PUSCH. 

Proposal 14: if cg-UCI-Multiplexing is not configured, drop URI and HARQ-ACK is multiplexed into PUSCH when the HARQ-ACK PUCCH and PUSCH with URI are overlapped in a time.

Conclusion
In this contribution, we shared our views on the potential enhancements of capacity enhancement techniques for XR. Following are proposed for XR-specific capacity improvement:

Proposal 1: Support multiple CG occasions in a period based on a TDRA table where each row includes multiple SLIV values for CG.
· FFS : DMRS mapping type, repetition type, numberOfRepetitions
Proposal 2: It is necessary to investigate how to support the repetition for each of multiple SLIVs in a same TDRA row.
Proposal 3: It is necessary to investigate how to determine TDRA table for Type-1 CG for new resource allocation method.
Proposal 4: Discuss how to apply the enhanced TDRA for Type-1 CG. 
Proposal 5: Consider “configured” CG occasion for HARQ process ID determination. 
Proposal 6: Confirm working assumption with the following aspect. 
· 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
· 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.
· X= the number of configured PUSCHs in the CG period
· Y=1
· Offset 1 is configured by RRC. 
· Offset 2= 0 
Proposal 7: Following two principles are to be considered for the URI indication for a same PUSCH occasion.
· Once a PUSCH occasion has been indicated as unused, it cannot be indicated as non-unused by URI
· Only the PUSCH occasion previously not indicated as unused, can be indicated as unused by URI
Observation: The re-scheduling time (in gNB side) should be guaranteed in between where UE transmit URI and the beginning of unused resources indicated by the URI. 
Observation: The range of unused resource that can be indicated by URI might be limited without XR-awareness information.
Proposal 8: The range of unused resource that can be indicated by URI is determined based on where URI is transmitted. 
· The first CG PUSCH indicated by URI starts no earlier than X symbol after where URI transmission ends, where X is re-scheduling time required by gNB.
· The last CG PUSCH starts no later than Y symbol after the beginning of the first CG PUSCH, where Y is provided by gNB configuration based on UE capability
· FFS: How to define X and Y
Proposal 9: No URI information is created/constructed for a resource in a time window starting from the end of PUSCH where URI transmitted and which ends after X symbols, where X is re-scheduling time required by gNB.
Proposal 10: URI provides a bitmap where a bit corresponds to a TO within a time duration/range, where the time duration range has following aspects:
· The time duration starts after X symbols from the CG PUSCH carrying URI. The number X is configured by gNB.
· The end of the time duration could be following from starting :
· Option 1: the time duration for bitmap is separately determined per CG PUSCHs (e.g. URI on PUSCH can indicate usages of upcoming N CG PUSCHs, and accordingly the time duration for bitmap would be changed across CG PUSCHs)
· Option 1-1: after Y symbol. 
· Option 1-2: after Y configured/valid CG PUSCH. 
· Option 2: the ending of time duration can be same for a group of CG PUSCHs (e.g. URI on PUSCH can indicate usages of remaining CG PUSCHs in a period, and accordingly the time duration for bitmap may not be changed across CG PUSCHs in period)
· Option 2-1: every Y period.
· Option 2-2: end of the period.
Proposal 11: If URI indicate a time window or a CG occasion as unused, UE treats other PUSCHs overlapped in a time with the indicated time window or the indicated CG occasion as unused.
Proposal 12: Support to apply URI transmitted via a CG configuration to the other CG configuration. 
· A parameter indicating CG configuration to which URI applies can be provided by gNB.
Proposal 13: a PUSCH indicated by URI and other PUSCH overlapped with the PUSCH are assumed to be dropped. 
· No MAC PDU is generated for those CG PUSCHs. 
Proposal 14: if cg-UCI-Multiplexing is not configured, drop URI and HARQ-ACK is multiplexed into PUSCH when the HARQ-ACK PUCCH and PUSCH with URI are overlapped in a time.
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