
3GPP TSG RAN WG1 #112bis-e	                                           R1-2302501
e-Meeting, April 17th – April 26th, 2023

Source:	vivo
[bookmark: Title]Title:	Discussion on XR specific capacity enhancements
[bookmark: Source]Agenda Item:	9.8.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN#98-e, a follow-up WI on XR enhancements for NR in Rel-18 was approved with the following objectives involving RAN1 [1]: 
	…
Specify the enhancements related to capacity:
-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
...


[bookmark: _GoBack]In RAN1#112 meeting, main issues of the above CG enhancements were discussed extensively, with potential options identified and listed for several main issues which can be used as the starting point for further down-selection or revision.
In this contribution, the above CG enhancements will be further discussed in details, along with related issues and potential solutions.
2. Discussion
1. 
2. 
2.1 Multiple CG PUSCH occasions per CG period
Regarding multiple CG PUSCH occasions per CG period, the following conclusion and agreement were achieved in RAN1#112 meeting to facilitate further discussion on the feature design.
	Conclusion
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For convenience in discussion, the term "multi-PUSCHs CG" refers to " a CG PUSCH configuration with multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration".

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


2.1.1 Time domain resource allocation
To configure multiple CG PUSCH occasions in a period of a single CG configuration, the following agreement was achieved in RAN1#112 meeting.
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


For Alt-A, TDRA determination for multi-PUSCHs CG is based on repetition framework. Based on legacy rules for PUSCH repetition Type A, only one CG PUSCH occasion is allowed in a slot for Alt-A1. For Alt-A2, multiple CG PUSCH occasions in a period can only locate in consecutive symbols. Furthermore, it is complicated to handle the case where a CG PUSCH occasion crosses slot boundaries.
For Alt-B, the number of CG PUSCH occasions configured per CG period is determined by high-layer configured parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16. Similar to Alt-A2, cg-nrofSlots-r16 CG PUSCH occasions in a slot can only occupy consecutive symbols, and all CG PUSCH occasions in a period can only locate in consecutive slots. Therefore, configured CG PUSCH occasions in a period may be not consistent with typical TDD pattern, e.g. DDDSU, and the number of valid CG PUSCH occasions in a period may vary significantly.
For Alt-C, it reuses TDRA mechanism of multi-PUSCH scheduling for CG transmission. Specifically, a TDRA row including one or multiple SLIV entries from the configured TDRA table can be configured by high-layer signalling (for a CG Config Type 1) or indicated by an activation DCI (for a CG Config Type 2). Therefore, the number of CG PUSCH occasions configured within a CG period is determined by the number of SLIV entries of the configured/indicated TDRA row. Considering single DCI scheduling multiple PUSCHs is already supported for DG scheduling in legacy specification, it is straightforward to extend it to CG PUSCH, i.e., time domain resource allocation for multiple CG PUSCH occasions is indicated by reusing the TDRA mechanism of multi-PUSCH scheduling. In this case, each CG PUSCH occasion can be allocated a different number of symbols, and multiple PUSCH occasions per CG period can be allocated in non-consecutive symbols and/or non-consecutive slots as well, resulting in more flexibility. From our perspective, Alt-C2 can achieve the most flexibility among all the alternatives.
Based on the above analysis, the following proposal is made.
Proposal 1: For multiple CG PUSCH occasions in a period of a single CG configuration, Alt-C2 is supported.
· 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

· Validation of activation/release DCI scrambled by CS-RNTI
If Alt-C2 is supported for TDRA determination for multi-PUSCHs CG and TDRA table pusch-TimeDomainAllocationListForMultiPUSCH-r16 is configured for a UE, the number of bits of the NDI field in a DCI format 0_1 is determined by the maximum number of SLIV entries across all TDRA rows in the TDRA table, where each bit corresponds to one PUSCH scheduled by the DCI format 0_1. However, in a DCI format 0_1 used for activation/release of CG configuration(s), the NDI field for the enabled transport block should be set to ‘0’ as per legacy specification. Since the NDI filed is extended from a single bit to multiple bits, how to set value of the NDI field for validation of a DCI scrambled by CS-RNTI for activation/release of CG configuration(s) needs to be considered. A simple way is to set the first bit of the NDI field to ‘0’. Alternatively, the NDI field can be set to all ‘0’. 
Proposal 2: For multiple CG PUSCH occasions in a period of a single CG configuration, if Alt-C2 is supported, further discussion on the validation of DCI scrambled by CS-RNTI for activation/release of CG configuration(s) is needed, e.g., how to set the value of NDI field in case of multiple NDI bits.

· Retransmission scheduling by CS-RNTI
Another issue related to multi-PUSCHs CG is whether or not to support single DCI scheduling multiple PUSCHs for retransmissions by a DCI scrambled by CS-RNTI. When multi-PUSCHs CG is configured to serve XR UL traffic, e.g. AR UL video stream, and multiple CG PUSCHs for initial transmission are transmitted in one period to convey the data from one video frame, it is possible that more than one CG PUSCH from the multiple transmitted CG PUSCHs is not decoded correctly at gNB side. Therefore, in this case the gNB should schedule retransmissions for more than one CG PUSCH. If Alt-C2 is supported for TDRA determination for multi-PUSCHs CG, it can also be considered to schedule multiple PUSCHs for retransmission by a DCI scrambled by CS-RNTI. As a result, DCI consumption for retransmission scheduling can be reduced. 
Proposal 3: Scheduling multiple PUSCHs for retransmission by a DCI scrambled by CS-RNTI can be considered.
2.1.2 Determination of HARQ process IDs
[bookmark: OLE_LINK9]Regarding determination of HARQ process IDs for multi-PUSCHs CG, it was concluded that RAN1 discusses to decide how to determine HARQ process IDs of CG PUSCHs of a multi-PUSCHs CG. Furthermore, several alternatives for determination of HARQ process IDs were identified, and the following agreement was achieved in RAN1#112 meeting.
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.


[bookmark: OLE_LINK1][bookmark: OLE_LINK6]For Alt. 1, if X equals to 1, i.e. Alt. 1-1, the HARQ process ID for the first configured/valid CG PUSCH in a period is determined based on the legacy procedure when cg-RetransmissionTimer is not configured. As a result, HARQ process IDs for different CG PUSCHs in consecutive periods may be collided if the HARQ process IDs of the remaining CG PUSCHs in the period are determined by simply incrementing the HARQ process ID of the preceding CG PUSCH in the period. 
For Alt. 1-2 and Alt. 1-3, to determine the HARQ process ID for the first configured/valid CG PUSCH in a period, modification to legacy formulation is needed.  For both of these alternatives, different HARQ process IDs are reserved for each CG PUSCH occasion in a period.
For Atl.2, it is supported in legacy specification for UEs operating in unlicensed band. It is easy to extend it to licensed band. In addition, unified solution for multi-PUSCHs CG for both licensed band and unlicensed band is desirable.
For Alt. 3-1, it is not workable since different CG PUSCH in one period are associated with the same HARQ process ID. For Alt. 3-2, it is not clear how to realize that different HARQ process IDs could be used for all CG PUSCHs within a period.
For Alt. 4, if no potential enhancement is introduced, actually it is identical to Alt. 1-1. To make Alt. 4 works well and avoid the collision issue as discussed above for Alt. 1-1, the HARQ process IDs of the remaining CG PUSCHs in the period are determined by incrementing Y to the HARQ process ID of the preceding CG PUSCH in the same period, where Y is an integer value larger than 1, e.g., Y is the number of configured CG PUSCHs in a period or is configured independently by RRC signalling. Taking Y = 2, and 3 CG PUSCH occasions configured per CG period as an example, the HARQ process IDs for the CG PUSCHs in a period are 0,2,4, and the HARQ process IDs for the CG PUSCHs in the next period are 1,3,5. By introducing Y, Alt. 4 can be updated as below.
	· 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 Y to the HARQ process ID of the preceding PUSCH in the period
· Y is an integer value larger than 1, e.g., Y is the number of configured CG PUSCHs in a period or is configured independently by RRC signalling


For Alt. 5, UCI is used to indicate the HARQ process ID of the first transmitted CG PUSCH, and the HARQ process IDs of the remaining CG PUSCHs in the period are determined by incrementing the HARQ process ID of the preceding PUSCH in the same period, where no UCI for the remaining CG PUSCHs is needed. It is up to UE to avoid the HARQ process ID collision issue. Similar to Alt. 1-2, Alt. 1-3 or Alt. 4, HARQ process IDs for the CG PUSCH occasions after the first transmitted CG PUSCH should be reserved. 
In summary, illustrative examples of HARQ process ID determination based on different alternatives for multi-PUSCHs CG are shown in Figure 1. Note in Figure 1, for Alt. 5, the HARQ process IDs in red are decided by the UE. 


[bookmark: _Ref131765031]Figure 1. Illustrative examples of HARQ process ID determination based on different alternatives for multi-PUSCHs CG
When making down-selection among these alternatives, comparison among them in terms of specification impact, HARQ process ID collision issue, number of reserved HARQ process IDs per CG period, etc. should be considered. Based on the above analysis, Alt. 2 and updated Alt. 4 are preferred.
Proposal 4: For determination of HARQ process IDs associated to CG PUSCHs in multi-PUSCHs CG assuming one TB per CG PUSCH, consider the following alternatives:
· Alt. 2: Support that the UE can decide, as in NR-U, the HARQ process IDs for the multiple CG PUSCH occasions and indicate the decided HARQ process IDs to the gNB if multiple HARQ processes are used for the multiple CG PUSCH occasions in a period of a single CG PUSCH configuration.
· 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 IDs of the remaining CG PUSCHs in the period are determined by incrementing Y to the HARQ process ID of the preceding PUSCH in the same period
· Y is an integer value larger than 1, e.g., Y is the number of configured CG PUSCHs in a period or is configured independently by RRC signalling
2.2 Dynamic indication of unused CG PUSCH occasion(s) based on UCI


[bookmark: _Ref127554507]Figure 2. Illustration of CG PUSCH occasions configured for conveying XR video frames 
Regarding dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, a common understanding on unused CG PUSCH occasion is desirable to better study and discuss UE behavior for CG resource recycling.
During RAN1#112 meeting, this issue was discussed for the initial round, and the latest proposed conclusion is listed as below for reference.
Proposed conclusion 2-1-2:
When a CG PUSCH transmission occasion is indicated as “unused”, the UE is expected not to transmit anything on that the PUSCH on that CG PUSCH transmission occasion. For any other CG PUSCH transmission occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit PUSCH on that CG PUSCH transmission occasion, when applicable. as per legacy specification.

We support this proposed conclusion, and think clarification on this issue is beneficial to facilitate further discussion on dynamic indication of unused CG PUSCH occasion(s) based on UCI.
Proposal 5: When a CG PUSCH occasion is indicated as “unused”, the UE is expected not to transmit PUSCH on that CG PUSCH occasion. For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit PUSCH on that CG PUSCH occasion as per legacy specification.
During RAN1#112 meeting, another related issue was also discussed, that is, whether or not the UE can update the information of a dynamic indication after it sends the dynamic indication for the first time, i.e. dynamic overriding. In our opinion, when the gNB receives the dynamic indication indicating an unused CG PUSCH occasion, the gNB may start to recycle time-frequency resources of the unused CG PUSCH occasion at any time based on its implementation, e.g. issue scheduling DCI(s) to other UE(s) to use all or a part of the time-frequency resources. If subsequently the UE updates the dynamic indication to change the unused CG PUSCH occasion as NOT unused, the gNB may have no way to withdraw or rollback related resource recycling. Therefore, a CG PUSCH occasion indicated as unused earlier should not be changed as NOT unused if dynamic overriding would be introduced. On the contrary, there seems no issue when a CG PUSCH occasion indicated as NOT unused earlier is changed as unused, once the gNB have enough time to recycle time-frequency resources occupied by this CG PUSCH occasion, which will be discussed in the following section.
Proposal 6: A CG PUSCH occasion indicated as unused earlier is not expected to be changed as NOT unused subsequently.

Regarding how to perform dynamic indication, in our understanding it can be discussed from the following aspects:
· What information to be indicated by the UCI;
· Where to transmit the UCI;
· How to process/multiplex the UCI.
2.2.1 What information to be indicated by the UCI
Regarding information indicated by the UCI, the following agreement was achieved during RAN1#112 meeting.
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.


In the following section, we first discuss CG PUSCH occasions configured to serve XR UL traffic, then discuss the information provided by the UCI.
· CG PUSCH occasions configured to serve XR UL traffic
During discussions on dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE during SI phase of Rel-18 XR, it was assumed that a number of CG PUSCH occasions are available within a frame period to serve a frame of the AR UL video stream. When a video frame arrives at the UE’s UL buffer potentially with jitter, some CG PUSCH occasions will be used for initial transmissions of data of the video frame, and the UE can indicate unused CG PUSCH occasion(s), if any, to the gNB dynamically based on UCI. Generally, the indicated unused CG PUSCH occasion(s) locates after the ones used for transmissions of the video frame.
Although multiple CG PUSCH occasions in a period of a single CG configuration is being specified, it does not necessarily mean that CG PUSCH occasions configured to convey traffic data correspond to a single CG configuration. In contrast, it is possible that several CG configurations are configured to convey traffic data, each of which has one or more CG PUSCH occasions per CG period. 
Besides, it is common understanding that for AR UL traffic, there are two streams with different characteristics, i.e. pose/control stream and video stream. To serve AR UL traffic, it is very likely that multiple CG configurations are configured, from which generally one CG configuration is intended to accommodate traffic of the pose/control stream, and the remaining CG configuration(s) is used for traffic of the video stream.
Furthermore, CA can afford high data rate with wider bandwidth, thus is beneficial for XR traffic. Therefore, these CG configurations may correspond to more than one serving cell as well.
Based on the above analysis, CG PUSCH occasions configured to serve XR UL traffic may come from one or multiple CG configurations, and one or multiple serving cells.
Observation 1: To serve XR UL traffic including that of pose/control stream and/or video stream, CG PUSCH occasions configured by one or multiple CG configurations, and from one or multiple serving cells may be needed.
In our opinion, it is beneficial for the UE to dynamically indicate unused CG PUSCH occasion(s) based on all CG PUSCH occasions configured to serve XR UL traffic. That is, the dynamic indication in a UCI can indicate unused CG PUSCH occasion(s) across multiple CG configurations configured to serve XR UL traffic, e.g. the AR UL video stream and/or pose/control stream. Since CG PUSCH occasions from more than one CG configuration may not be used within the CG period, dynamic indication by a single UCI for these CG PUSCH occasions from the multiple CG configurations can lead to less overhead. In addition, flexibility for the UCI transmission can be provided by supporting indication across multiple CG configurations. Specifically, the gNB can configure whether or not a CG configuration supports resource recycling, i.e., whether or not CG PUSCH occasion(s) of the CG configuration can be indicated as unused. Furthermore, the gNB can configure whether or not CG PUSCH occasion(s) of the CG configuration can convey the UCI of dynamic indication, and if yes, which CG configuration(s) the dynamic indication is applied to.
Proposal 7: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the dynamic indication in a UCI can be applied to the configured CG PUSCH occasions corresponding to one or multiple CG configurations, and locating on one or multiple serving cells.

· Sorting/indexing of configured CG PUSCH occasions
From our perspective, if unused CG PUSCH occasion(s) is indicated by a time duration, where all configured CG PUSCH occasion confined within the time duration is regarded as unused, e.g., some solutions of Option 1-2 and/or Option 2-2 in the above agreement, sorting and/or indexing of configured CG PUSCH occasions may be avoided. Otherwise, if unused CG PUSCH occasion(s) is indicated in the granularity of CG PUSCH occasion, then sorting and/or indexing of configured CG PUSCH occasions should be considered.
Regarding how to sort/index configured CG PUSCH occasions corresponding to one or more CG configurations and one or more serving cells, a straightforward way is sorting/indexing based on starting times of CG PUSCH occasions, e.g., the CG PUSCH occasion with earlier starting time has a smaller index. This way was actually assumed in the discussion during RAN1#112 meeting, where basically a single CG configuration was assumed, therefore sorting/indexing of configured CG PUSCH occasions fell back to the description “in time domain”. If more than one CG configuration is allowed for a dynamic indication, and overlapping of CG PUSCH occasions in time domain is allowed for these CG configurations, with overlapping or non-overlapping frequency domain resources on the same or different serving cells, additional factors can also be considered for sorting/indexing of CG PUSCH occasions, e.g., indexes of corresponding CG configurations, indexes of corresponding serving cells, etc. 
Proposal 8: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to sort/index configured CG PUSCH occasions, e.g. sorting/indexing based on starting times of CG PUSCH occasions, as well as indexes of corresponding CG configurations, indexes of corresponding serving cells, etc., if necessary.

· Information provided by the UCI
For all options in the above agreement, a basic question is how to determine the set of CG PUSCH occasions, or the time window of CG PUSCH occasions, from which the UCI indicates zero, one or more CG PUSCH occasions as unused, which can be further regarded as a subset from the set of CG PUSCH occasions.
Obviously, if the division of sets can be performed and shared between the UE and the gNB, indication of unused CG PUSCH occasion(s) based on UCI will be simpler and more straightforward, since the setting and understanding of the UCI is focused only on the corresponding set of CG PUSCH occasions. 
For the division of sets, there can be potentially many feasible ways. A simple way is that the division of sets is based on a periodicity and offset configured by RRC signaling, i.e. a set corresponds to a period determined by the configured periodicity and offset, or comprises of all configured CG PUSCH occasions confined within the period. Another way is that a set is dynamically determined by the UE and indicated to the gNB. Alternatively, the division of sets can be determined implicitly. For example, configured CG PUSCH occasion(s) within one or more consecutive CG periods can comprise a set. In another case, a list of states is configured to the UE, each of which corresponds to a set of CG PUSCH occasions with configured unused statuses. The state chosen and indicated in the UCI determines the set of CG PUSCH occasions, as well as corresponding unused status for each CG PUSCH occasion in the set. Besides, the division of sets may be determined implicitly by traffic characteristics, e.g. FPS of the AR UL video stream. An example of division of sets is illustrated in Figure 2, where every three configured CG PUSCH occasions are divided into a set.
Proposal 9: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to determine sets of CG PUSCH occasions from the configured CG PUSCH occasions, where each of the sets is associated with the dynamic indication in a UCI, e.g. sets of CG PUSCH occasions is determined explicitly based on a configured periodicity and offset, or implicitly based on CG period.
Given a set or time window of CG PUSCH occasions, by assuming unused CG PUSCH occasion(s) is always consecutive, or may be non-consecutive, Option 1 and Option 2 in the above agreement can be applied, respectively. 
For Option 1, if it is assumed that unused CG PUSCH occasion(s) always locates at the end of the set or time window, only the number of consecutive unused CG PUSCH occasion(s) or the length of time duration where unused CG PUSCH occasion(s) locates can be indicated in the UCI; otherwise, starting position of the first unused CG PUSCH occasion should also be indicated additionally.
For Option 2, Option 2-1 is more straightforward with respective indication for each CG PUSCH occasion in the set or time window, however it will result in larger overhead. In contrast, Option 2-2 can realize overhead reduction by increasing the indication granularity to a number of CG PUSCH occasions within a time duration, or a range of CG PUSCH occasions. Supposing there are M CG PUSCH occasions in the set, or M time units in the time window, and N bits in the bitmap provided by the UCI, to determine corresponding CG PUSCH occasions for each bit in the bitmap, a simple way is to reuse the solution adopted in CBG grouping where M CBs are divided into N CBGs as even as possible. For example, when M is divisible by N, each bit in the bitmap corresponds to every M/N CG PUSCH occasions in the set of M CG PUSCH occasions, or corresponds to all CG PUSCH occasions within every M/N time units of the time window with M time units.
Proposal 10: If the UCI provides a bitmap where a bit corresponds to CG PUSCH occasions within a time duration/range, to determine the time duration/range, the solution adopted in CBG grouping can be reused.
In our opinion, whether unused CG PUSCH occasion(s) is consecutive or not is closely dependent on how the gNB configures CG PUSCH occasion to serve XR UL traffic. 
For example, at least when no overlapping in time domain between any two CG PUSCH occasions from the set of CG PUSCH occasions and on a same serving cell occurs, generally the UE is expected to use consecutive CG PUSCH occasions for initial transmissions of traffic data. As a result, if there is at least one CG PUSCH occasion determined by the UE to be unused, indicated unused CG PUSCH occasion(s) will be located after CG PUSCH occasion(s) used actually by the UE, and expected to be consecutive.
However, when the aforementioned overlapping is detected by the UE, the UE has to select at most one from overlapping CG PUSCH occasions for transmission, due to that for any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. Therefore, the used CG PUSCH occasions will be non-consecutive.
Therefore, to deal with all possible cases for configured CG PUSCH occasions, both the two options, i.e. Option 1 and Option 2 in the above agreement can be considered.
Proposal 11: For the information provided by the UCI about unused CG PUSCH occasions, both Option 1 (to indicate consecutive unused CG PUSCH occasion(s)) and Option 2 (to indicate unused CG PUSCH occasion(s) which may be consecutive or non-consecutive) can be considered.
2.2.2 Where to transmit the UCI
During RAN1#112 meeting, it was agreed that the physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Regarding which CG PUSCH occasion(s) includes the UCI providing information about unused CG PUSCH occasions, it was extensively discussed during RAN1#112 meeting, with the following agreement achieved. 
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.


It is common understanding that Option 1 is simplest with highest reliability, since no addition rule is introduced to judge if a transmitted CG PUSCH include the UCI or not, and it has the most opportunities to send the UCI. The main drawback of Option 1 is the potential large overhead. However, whether or not the overhead is acceptable depends on the information provided by the UCI, which is discussed in section 2.2.1. If the UCI costs only several bits, the overhead may be negligible or acceptable compared to data size conveyed by the same CG PUSCH.
For Option 2 and Option 3, they are similar since the position of the CG PUSCH(s) including the UCI is determined in a semi-static or fixed way. Consequently, the UE and the gNB can keep consistent understanding on where the UCI will be transmitted without blind-detection. However, they do not take the actual usage of CG PUSCH occasion(s) into account, thus may be inefficient or unreliable. For example, the periodicity(s) of involved CG configuration(s) may be misaligned with that of the served XR UL traffic, since there is no capacity enhancement for CG transmission agreed to deal with non-integer periodicity issue for XR traffic. In addition, XR UL traffic may arrival with potential jitter. Therefore, the semi-statically determined CG PUSCH occasion(s) hardly fits the proper position where the UCI is expected to be sent in time. Once the semi-statically determined CG PUSCH occasion(s) is missed by the UE due to no XR UL traffic is required to be transmitted at that time, there is no additional chance for the UE to transmit the UCI at least in this time window.
For Option 4, the position of the CG PUSCH(s) including the UCI is determined in a dynamic or floating way. In this regard, it can best fit the proper position where the UCI is expected to be sent timely. The discussion point is whether or not the UE and the gNB can keep consistent understanding on which CG PUSCH(s) actually includes the UCI at a small cost. In RAN1#112 meeting, some companies, especially those of base stations, commented that Option 4 requires blind-detection at gNB side thus is not welcome. However, gNB also has to perform blind-detection on whether or not a CG PUSCH occasion is actually transmitted by the UE. It can be further discussed whether additional blind-detection for the UCI at gNB side is acceptable or not.
Based on the above analysis, Option 1 is preferred for simplicity and reliability.
Proposal 12: For CG PUSCH(s) to include the UCI providing information about unused CG PUSCH occasions, each transmitted CG PUSCH includes the UCI.

· Potential timeline issue
In our opinion, determining indicated used/unused status for configured CG PUSCH occasions, and transmitting UCI, etc., all are performed by the UE. Therefore, the UE can avoid timeline issue by its implementation.
In contrast, when the gNB receives the UCI, it should try to decode the UCI, where blind-detection will be involved if the gNB does not know if a configured CG PUSCH occasion is actually transmitted and/or if the UCI is conveyed by the configured CG PUSCH occasion in advance. Once the gNB decodes the UCI successfully, it can recycle the time-frequency resources allocated for unused CG PUSCH occasion(s) indicated by the UCI, e.g. re-allocate these resources for other transmissions of the same UE or other UEs. Since a lot of work should be done after the gNB receives the UCI, and before the gNB re-allocates resources for indicated unused CG PUSCH occasion(s), discussion may be needed to determine if a minimum duration should be assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources. If it is agreed that a minimum duration should be ensured, since the minimum duration is closely dependent on gNB’s implementation, it may be configurable by RRC signaling. For example, the gNB can configure a minimum time offset, which is measured from the transmitted CG PUSCH including the UCI for the first time, to an unused CG PUSCH occasion indicated by the UCI. The UE guarantees that any unused CG PUSCH occasion indicated by the UCI will satisfy the minimum time offset, otherwise the gNB has no enough time to recycle related resources corresponding to indicated unused CG PUSCH occasion(s).
Proposal 13: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how a minimum duration is assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources.
2.2.3 How to process/multiplex the UCI
Regarding encoding and multiplexing of the UCI providing information about unused CG PUSCH occasions and included in a transmitted CG PUSCH, the following agreement was achieved during RAN1#112 meeting.
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


Another issue is how to define or organize the UCI. Regarding this issue, during RAN1#112 meeting, three alternatives were listed for further down-selection or revision, as below.
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


In our opinion, Alt. 1 is simplest and cleanest, where a new UCI with field(s) dedicated to providing information about unused CG PUSCH occasions, is introduced. If the legacy CG-UCI is also included in a transmitted CG PUSCH including the new UCI, e.g. CG resource recycling is extended to unlicensed band if necessary, the legacy CG-UCI and the new UCI can be concatenated and then jointly encoded similar to that for CG-UCI and HARQ-ACK in Rel-16 NR-U. 
Proposal 14: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new UCI, i.e., a new table with field(s) dedicated to providing the information.
3. Conclusion
In this contribution, CG enhancements, including multiple CG PUSCH occasions per CG period and dynamic indication of unused CG PUSCH occasion(s) based on UCI, are discussed in details, with the following proposals and observations:
Observation 1: To serve XR UL traffic including that of pose/control stream and/or video stream, CG PUSCH occasions configured by one or multiple CG configurations, and from one or multiple serving cells may be needed.

Proposal 1: For multiple CG PUSCH occasions in a period of a single CG configuration, Alt-C2 is supported.
· 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
Proposal 2: For multiple CG PUSCH occasions in a period of a single CG configuration, if Alt-C2 is supported, further discussion on the validation of DCI scrambled by CS-RNTI for activation/release of CG configuration(s) is needed, e.g., how to set the value of NDI field in case of multiple NDI bits.
Proposal 3: Scheduling multiple PUSCHs for retransmission by a DCI scrambled by CS-RNTI can be considered.
Proposal 4: For determination of HARQ process IDs associated to CG PUSCHs in multi-PUSCHs CG assuming one TB per CG PUSCH, consider the following alternatives:
· Alt. 2: Support that the UE can decide, as in NR-U, the HARQ process IDs for the multiple CG PUSCH occasions and indicate the decided HARQ process IDs to the gNB if multiple HARQ processes are used for the multiple CG PUSCH occasions in a period of a single CG PUSCH configuration.
· 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 IDs of the remaining CG PUSCHs in the period are determined by incrementing Y to the HARQ process ID of the preceding PUSCH in the same period
· Y is an integer value larger than 1, e.g., Y is the number of configured CG PUSCHs in a period or is configured independently by RRC signalling
Proposal 5: When a CG PUSCH occasion is indicated as “unused”, the UE is expected not to transmit PUSCH on that CG PUSCH occasion. For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit PUSCH on that CG PUSCH occasion as per legacy specification.
Proposal 6: A CG PUSCH occasion indicated as unused earlier is not expected to be changed as NOT unused subsequently.
Proposal 7: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, the dynamic indication in a UCI can be applied to the configured CG PUSCH occasions corresponding to one or multiple CG configurations, and locating on one or multiple serving cells.
Proposal 8: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to sort/index configured CG PUSCH occasions, e.g. sorting/indexing based on starting times of CG PUSCH occasions, as well as indexes of corresponding CG configurations, indexes of corresponding serving cells, etc., if necessary.
Proposal 9: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how to determine sets of CG PUSCH occasions from the configured CG PUSCH occasions, where each of the sets is associated with the dynamic indication in a UCI, e.g. sets of CG PUSCH occasions is determined explicitly based on a configured periodicity and offset, or implicitly based on CG period.
Proposal 10: If the UCI provides a bitmap where a bit corresponds to CG PUSCH occasions within a time duration/range, to determine the time duration/range, the solution adopted in CBG grouping can be reused.
Proposal 11: For the information provided by the UCI about unused CG PUSCH occasions, both Option 1 (to indicate consecutive unused CG PUSCH occasion(s)) and Option 2 (to indicate unused CG PUSCH occasion(s) which may be consecutive or non-consecutive) can be considered.
Proposal 12: For CG PUSCH(s) to include the UCI providing information about unused CG PUSCH occasions, each transmitted CG PUSCH includes the UCI.
Proposal 13: For dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, RAN1 discusses whether/how a minimum duration is assumed for gNB processing, e.g. decoding of the UCI, and recycling of unused time-frequency resources.
Proposal 14: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new UCI, i.e., a new table with field(s) dedicated to providing the information.
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