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Introduction
[bookmark: _Ref494215420]For RAN Rel-18, a new WID “XR Enhancements for NR” has been approved in RAN#98e. RAN1 involved with the following areas: XR-specific capacity improvements [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);



The contribution further discusses the issues for XR-specific capacity improvements, including multiple CG PUSCH transmission occasions (TOs) in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE [2].
Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK2]Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
As XR video frames are periodic and have high requirements for low latency, it is beneficial to adopt configured grant (CG) to transmit XR UL video frames, which does not require scheduling request (SR) and buffer status report (BSR). However, one CG PUSCH TO in a period maybe not enough to transmit a XR video frame with a large packet size. Therefore, it is necessary to configure multiple CG PUSCH TOs in a period to transmit large size video frame, and the impact of jitter can also be mitigated by multiple TOs.

TDRA determination of multiple CG PUSCH transmission occasions
Regarding the TDRA determination of multi-PUSCHs CG resources, some agreements were achieved in RAN1#112 meeting [3].
	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



[bookmark: OLE_LINK5][bookmark: OLE_LINK10]For Alt-A, PUSCH repetition framework in Rel-17 can be reused, for example, the occasions for PUSCH repetitions can be used as multiple CG PUSCH TOs. Similarly, the configuration/activation method can be applied, specifically, the time offset, start symbol and length of PUSCH are configured by RRC for Type-1 CG or indicated by DCI for Type-2 CG. Additionally, both PUSCH repetition Type A and Type B are supported based on the repetition mechanism. The time domain resource allocation (TDRA) of the PUSCH mapping types in Table 6.1.2.1-1 in TS 38.214 [4].
· For PUSCH repetition Type A, the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH. The S+L is not larger than 14, in other word, one Transport Block (TB) is in a slot. 
· For PUSCH repetition Type B, the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH. The S+L can be larger than 14, in other word, one TB can cross a slot.
Table 6.1.2.1-1: Valid S and L combinations
	[bookmark: MCCQCTEMPBM_00000109]PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A (repetition Type A only)
	0
	{4,…,14}
	{4,…,14} 
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12} for repetition Type A, {1,…,23} for repetition Type B



Based on repetition mechanism, UE can repeat the TB in N consecutive slots with the same SLIV for PUSCH repetition type A, or in N consecutive PUSCHs with same duration for PUCH repetition type B. For XR traffic with a large packet size, a similar mechanism of PUSCH repetitions can be considered due to its low DCI overhead. Therefore, the TDRA determination based on both PUSCH repetition Type A and Type B framework can be considered as the starting point for determination of the TDRA associated to multiple CG PUSCH TOs. In addition, the multi-PUSCH TOs located in consecutive slots is not an essential problem for XR traffic. UL packets need to be sent as soon as possible if they have arrived.
[bookmark: OLE_LINK1]For Alt-B, configure multiple PUSCH occasions within a CG period has been introduced for NR-U in Rel-16. In 38.214 [4], the related configuration is described as follows. Multiple PUSCH occasion in a period can be configured by the two parameters: cg-nrofSlots and cg-nrofPUSCH-InSlot. An example for Alt-B is that those two parameters are used to define multiple CG-PUSCH occasions, including M PUSCH TOs are used in N consecutive slots per CG period, and M consecutive PUSCH TOs with same duration in slot. However, to reduce unnecessary listen before talk (LBT) channel access, there is a restriction that multiple PUSCH occasions are configured within consecutive slots for NR-U. And whether or not it has to work together with CG-UCI, including HARQ process, RV and NDI mechanism.  
	A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-InSlot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.



[bookmark: OLE_LINK4]For Alt-C, multi-PDSCHs/PUSCHs are scheduled by a single DCI with TDRA based design in Rel-16 NR-U and Rel-17 52.6GHz WI. The restriction of consecutive slots for multiple PUSCH TOs in a period is removed in Rel-17, therefore, it is a better way to configure multiple PUSCH TOs following the design of Rel-17 single DCI scheduling multiple PUSCHs since N PUSCH TOs can be in non-consecutive PUSCHs and/or in non-consecutive slots. RRC signaling for Type-1 CG or DCI for Type-2 CG can indicate a TDRA row index with multiple SLIV entries and each SLIV entry is associated with multiple CG PUSCH TOs. By configuring multiple SLIVs across slots in the TDRA table, flexible time-domain resource allocation for scheduling multiple CG PUSCH TOs with a single DCI can be achieved. The multiple PUSCH numbers are determined by the number of SLIVs in the TDRA table, which supports at most 8-slot PUSCH transmission. Such as the SLIVs in a row of multi-PUSCH TDRA table indicate the CG PUSCH TOs in a period. However, it has to support multiple PUSCH for dynamic scheduling first, at least the configured multiple PUSCH TDRA table including multiple SLIVs. Otherwise, there would be no indications for those multiple TOs. In addition, it has high signaling overhead in physical layer and may increase DCI size to support multi-PUSCH, such as RV, NDI fields, even if those multi-PUSCH only are wanted by CG-PUSCH, not by dynamic grant. For Type-2 CG-PUSCH activation, which may have some impact on DCI format 0_1.
Take Figure 1 as an example. Assuming four CG PUSCH TOs in a period. The specific configuration is also shown in the Figure 1.

 
Figure 1: 4 CG PUSCH transmission occasions in a period
In short, the configuration of multiple CG PUSCH TOs in Alt-A/B/C are summarized in Table 1, and the Cons and Pros of the three methods are also listed in it.
Table 1: Summary for Option 1/2/3
	Options
	CG-PUSCH transmission occasions in a period are given by
	Cons
	Pros

	Alt-A
	PUSCH repetition schemes
	· Consecutive slots
· Same time domain length for multiple occasions
	· Both slot level and mini-slot TDRA

	Alt-B
	cg-nrofSlots and cg-nrofPUSCH-InSlot
	· Consecutive slots
· Same time domain length for multiple occasions
	· Both slot level and mini-slot TDRA

	Alt-C
	SLIVs in a row of multi-PUSCH TDRA table
	· [bookmark: OLE_LINK3]Impact the DCI format 0_1
· High signaling overhead to configure multi-PUSCH TDRA table
	· Different TDRA for multiple occasions
· flexible



Proposal 1: Two alternatives can be considered as starting point for determination of the TDRA associated to multiple CG PUSCH TOs based on the existing specifications:
· Alt-A: configure multiple PUSCH following the time domain resource mapping of both PUSCH repetition Type A and Type B repetition framework can be considered.
· Alt-C2: configure multiple PUSCH following Rel-17 single DCI scheduling multiple PUSCHs since N PUSCH TOs can be in non-consecutive PUSCHs and/or in non-consecutive slots.

HARQ process ID
[bookmark: OLE_LINK17]Another issue need to be discussed is how to handle HARQ process ID in the multiple CG PUSCH transmission occasions. Regarding the HARQ process ID, an agreements were 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.



In the current specification, there are up to 16 HARQ processes in UL, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation specified in 38.321[5]:
	For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
[bookmark: _Hlk23499210]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration.



When cg-RetransmissionTimer is not configured, UE is required to derive the HARQ Process ID associated with each PUSCH occasion using the above formulas. However, when configuring multiple CG PUSCH TOs, using the above formula has a limitation as all the CG PUSCH transmission occasions within a CG period have the same HARQ process ID.  Some enhancements are needed to solve this problem.
Many alternatives are proposed in RAN1#112 meeting, however, from our understanding, only Alt 2 and Alt 4 can be considered as a baseline for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG, which are simpler and result in limited specification impact compared to other options, and hence is preferred.
· Alt 2: when cg-RetransmissionTimer is configured, the framework in NR-U can be re-used. Specifically, UE can decide the HARQ process IDs for multiple CG PUSCH TOs among the available HARQ process ID for the CG configuration and indicate the decided HARQ IDs to gNB in CG-UCI. The HARQ process ID design has been applied in unlicensed band for Rel-16 NR-U, if the solution to determine the HARQ process IDs associated to multi-PUSCHs CG can be adopted in licensed band, it can be beneficial in terms of specification impact, and using a unified solution for both licensed band and unlicensed band. What’s more, UE can decide to use the available HARQ process ID when some of the HARQ process IDs are occupied by DG, the PDB can be ensured for XR frame.
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Alt 4: when cg-RetransmissionTimer is not configured, the HARQ process ID for the first configured PUSCH in a period is determined using the legacy CG procedure. 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. That is, the first CG-PUSCH occasion reused the mechanism of Rel-17 CG-PUSCH HARQ process ID calculation. While the HARQ process ID of latter CG-PUSCH occasions are increased by 1 for each subsequent occasions. What’s more, if some CG PUSCH occasion(s) are dropped due to e.g., dynamic SFI or other potential collisions, their corresponding HARQ process ID can also be released. In other word, the HARQ process ID in this dropped CG PUSCH is not increased by 1.
From our perspectives, Alt 2 and Alt 5, Alt 1 and Alt 4 have similarities and can be compared, respectively. In addition, Alt 3 needs further study. Compared to Alt 5, Alt 2 has higher flexibility and is more effective and flexibility in scheduling DG for gNB. Compared to Alt 1, Alt 4 has less specification impact. We think both solutions should be discussed at the start of WI stage.
Proposal 2: Alt 2 and Alt 4 can be considered as a baseline for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG:
· 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
· 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.
Repetition
Another issue is for multiple CG PUSCH occasions in a period, whether PUSCH repetitions can also be supported. We support this mixed pattern of multiple occasions and repetitions for CG PUSCH. Because XR traffic have high reliability requirements. The repetitions is an efficient method to improve its reliability.  Moreover, retransmission sometime cannot be valid due to strict PDB. Therefore, repetition of CG PUSCH can also has its benefits for XR. 
Proposal 3: PUSCH repetition is supported for multi-PUSCHs CG configuration.

[bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK16]Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
According to large and varying packet size, [6] provides the maximum packet size of DL video and AR UL traffic is 3 times of minimum value. The size of a packet is determined by the given data rates and frame rates, which is modelled as a random variable following truncated Gaussian distribution. A packet of UL pose/control traffic is relatively fixed, i.e. VR/CG UL traffic.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK12][bookmark: OLE_LINK18][bookmark: OLE_LINK32]As CG PUSCH occasions is semi-statically configured, it cannot adapt the varying size of XR video frames. If the number of CG PUSCH occasion(s) is larger than the actual required number, the CG PUSCH occasion(s) may be wasted; while if the number of CG PUSCH occasion(s) are not large enough to transmit the current XR video frame, additional DG scheduling is required, which will cause additional delay and may not meet the requirements of PDB, as well as additional DCI overhead is needed. To avoid the delay, multiple CG PUSCH transmission occasions in a period should be able to transmit a relatively large XR frame. However, it may cause a waste of unused CG PUSCH occasion(s). When a UL XR video frame arrives, UE knows how many PUSCH occasion(s) are needed for this frame, and which PUSCH occasions are not used. It is necessary to dynamically indicate the unused CG PUSCH occasion(s) based on UCI by the UE. Then the network can free this unused occasions and recycle them to schedule other UEs, so as to improve the system capacity. 

The UCI type
Regarding the UCI channel, encoding and multiplexing, some agreements were achieved in RAN1#112 meeting [3].
	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

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




For providing dynamic indication information about unused CG PUSCH transmission occasions based on UCI by the UE, form our understanding, CG-UCI has less specification impact than introducing a new dedicated UCI type. Introducing a new UCI means significant speciation impact and has the complexity on considering how to process the UCI like coding, rate matching, etc. However, existing procedures can be reused for CG-UCI processing. Therefore, CG-UCI is preferred for simplicity to carry the indication. In addition, a new field or replaces/re-purposes some field(s) in the CG-UCI to provide information about unused CG PUSCH TOs should be further studied, as the bit fields in legacy CG-UCI is useless for CG based UL transmission. 
Proposal 4: A new field or replaces/re-purposes some field(s) in the CG-UCI to provide information about unused CG PUSCH TOs should be further studied.

When and how to indicate of consecutive/non-consecutive unused CG PUSCH occasions in the UCI 
Assuming a number of CG PUSCH transmission occasions are configured after the XR traffic frame arrives, UE need to decide which one or multiple of CG PUSCH occasions are unused and indicate it to gNB by UCI. The unused CG PUSCH occasions can be indicated as consecutive/non-consecutive TOs in time domain, some agreements were achieved in RAN1#112 meeting [3].
	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



For example, assuming 8 CG PUSCH TOs are configured in a CG PUSCH period, the consecutive/non-consecutive unused CG PUSCH TOs in time domain are shown in Figure 2. 


Figure 2-1: the consecutive unused CG PUSCH TOs in time domain


Figure 2-2: the non-consecutive unused CG PUSCH TOs in time domain
For the consecutive unused CG PUSCH TO(s), the field in CG-UCI can indicate the starting position and the number of unused CG PUSCH TOs, or indicate a time duration/range that includes the consecutive TO(s), i.e. the starting position of unused CG PUSCHs and the cancelled time duration.
In addition, if the unused CG PUSCH TO(s) are located in the end of the time duration/range, as shown in Figure 2-1, another alternative is that a bit field with one bit can used to cancel all remaining PUSCH occasion(s) in the time duration/range. The UCI with the unused indication is carried in the last configured CG PUSCH occasion to be used by UE in the time duration/range. For example, bit #1 represents that this configured PUSCH occasion is the last CG PUSCH occasion to be used by UE, as shown in Figure 3-1. The signaling overhead will be reduced in this way, but the remaining re-cycled PUSCH occasion(s) may be reduced due to the PUSCH preparation time and gNB processing delay.


Figure 3-1: the UCI with the unused indication is carried in the last configured CG PUSCH occasion to be used by UE in the time duration/range
In order to increase reliability of the indication, multiple indications mechanism can be used to indicate the unused CG PUSCH TO(s). Specifically, two or more CG PUSCH occasions can be used to carry the UCI to indicate the unused CG PUSCH TO(s). For example, one bit are also needed to cancel all remaining PUSCH occasion(s) in the CG period, bit #0 represents that the next configured CG PUSCH occasion is the last CG PUSCH occasion to be used by UE in the time duration/range, and bit #1 represents that this configured PUSCH occasion is the last CG PUSCH occasion to be used by UE in the time duration/range. In other word, in the penultimate configured CG PUSCH occasion to be used by UE in the time duration/range, the UCI is carried with bit #0, and in the last configured CG PUSCH occasion to be used by UE in the time duration/range, the UCI is carried with bit #1, as shown in Figure 3-2.


Figure 3-2: the UCI with the unused indication is carried in the penultimate configured and the last configured CG PUSCH occasion to be used by UE in the time duration/range
If the unused CG PUSCH occasion(s) located in the middle of the CG period with consecutive slot, the unused indication can also carried in the last CG PUSCH occasion to be used by UE in front of the unused time duration/range. And the field in CG-UCI is indicated the number of unused CG PUSCH occasions or is the cancelled time duration, as shown in the Figure 3-3.


Figure 3-3: the UCI carried in the penultimate configured and the last configured CG PUSCH occasion to be used by UE in front of the time duration/range
For the non-consecutive unused CG PUSCH TO(s), as shown in the Figure 3-4, the field in UCI can be a bitmap, in which each bit of the bitmap is associated with one CG TO within a time duration/range. In other word, the bit size of the bitmap is equal to the number of CG PUSCH transmission occasions in a time duration/range. The time duration/range can be a CG period, or partial of the CG period, or multiple CG period. For example, bit #1 represents that this PUSCH occasion needs to be used, and bit #0 represents that this PUSCH occasion is an unused one. Considering the processing/scheduling delay, such UCI, indicating unused CG PUSCH TO(s), should be sent as early as possible to ensure that the unused CG PUSCH TO(s) can be re-allocated. For example, the UCI carrying the bitmap is carried in the first configured CG PUSCH TO in the time duration/range.


Figure 3-4: the UCI carrying the bitmap is carried in the first configured CG PUSCH TO in the time duration/range.
From the above analysis, the field to indicate the unused PUSCH transmission occasions carried in the CG-UCI is related to the issues on the location of the unused PUSCH TOs and when to transmit such UCI in a time duration. The decision of the information provided by the UCI should be deferred until the two issues have been determined.
Observation 1: The bit field in the UCI to indicate the unused PUSCH TOs is related to the location of the unused PUSCH TOs and when to transmit CG PUSCH includes UCI in a time duration. 
Observation 2: Due to the PUSCH preparation time and gNB processing delay, the remaining re-allocated PUSCH occasion(s) may be reduced if the UCI is carried in the last PUSCH to be used.

Proposal 5: For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, support that a transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission, examples of a pre-determined occasion can be as following:
· 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· The last configured PUSCH TO in a CG period or last configured PUSCH TO in a multiple CG periods.
· Both the penultimate configured and last configured PUSCH TO in a CG period, or both the penultimate configured and last configured PUSCH TO in a multiple CG periods.

HARQ process handing of the unused CG PUSCH occasion(s) 
[bookmark: OLE_LINK29][bookmark: OLE_LINK34]In addition, if the unused CG PUSCH occasion(s) are at the front of the time duration, or some CG PUSCH occasion(s) are skipped due to the collision with semi-static UL/DL symbol(s), the HARQ process ID of the corresponding PUSCH occasion(s) need to be further discussed.
Based on the two alternatives for determination of HARQ process in the Section 2.1, for Alt 2 case, UE can skip reporting the HARQ process ID of the unused PUSCH occasion(s), which means UE only reports the HARQ process ID of the valid CG-PUSCH occasions; and for Alt 4 case, it would be reasonable not to increase HARQ process ID for this PUSCH occasion(s). 
Proposal 6: It need to further discuss how to handle HARQ process ID of the unused CG PUSCH occasion(s) in the CG period.

Conclusion
In this contribution, we discuss the enhancements related with capacity improvements, and give the following observations and proposals. 
Observation 1: The bit field in the UCI to indicate the unused PUSCH TOs is related to the location of the unused PUSCH TOs and when to transmit CG PUSCH includes UCI in a time duration. 

[bookmark: _GoBack]Observation 2: Due to the PUSCH preparation time and gNB processing delay, the remaining re-allocated PUSCH occasion(s) may be reduced if the UCI is carried in the last PUSCH to be used.

Proposal 1: Two alternatives can be considered as starting point for determination of the TDRA associated to multiple CG PUSCH TOs based on the existing specifications:
· Alt-A: configure multiple PUSCH following the time domain resource mapping of both PUSCH repetition Type A and Type B repetition framework can be considered.
· Alt-C2: configure multiple PUSCH following Rel-17 single DCI scheduling multiple PUSCHs since N PUSCH TOs can be in non-consecutive PUSCHs and/or in non-consecutive slots.

Proposal 2: Alt 2 and Alt 4 can be considered as a baseline for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG:
· 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
· 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.

Proposal 3: PUSCH repetition is supported for multi-PUSCHs CG configuration.

Proposal 4: A new field or replaces/re-purposes some field(s) in the CG-UCI to provide information about unused CG PUSCH TOs should be further studied.

Proposal 5: For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, support that a transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission, examples of a pre-determined occasion can be as following:
· 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· The last configured PUSCH TO in a CG period or last configured PUSCH TO in a multiple CG periods.
· Both the penultimate configured and last configured PUSCH TO in a CG period, or both the penultimate configured and last configured PUSCH TO in a multiple CG periods.

Proposal 6: It need to further discuss how to handle HARQ process ID of the unused CG PUSCH occasion(s) in the CG period.

Reference
[bookmark: _Ref100505738]RP-223502, “New WID on XR Enhancements for NR”, RAN#98e, December 12-16, 2022.
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