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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #112bis-e meeting, there were a lot of progresses or agreements achieved [1], such as, for configuration of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, HARQ process ID determination for multiple CG PUSCH transmission occasions in a period, and dynamic indication of unused CG PUSCH occasion(s) based on UCI by UE, all of which converged to very few alternatives for further down selection. However, some critical details of the agreements are still not clear and down selections are also needed for different alternatives or options in future. In this paper, we will discuss and compare pros and cons of different alternatives or options for the relevant important issues of the agreements and conclusions, and then give our opinions and proposals for different important issues relevant to the agreements or conclusions, which could be helpful for the group to conduct further selections of the different alternatives or options for the important issues.

Discussion 
[bookmark: _Ref129681832]Multiple transmission occasions in a period of a single CG PUSCH configuration
Variable frame size for uplink AR traffic
As mentioned in uplink AR traffic model 1 in the appendix, the size of frames is variable and subject to a certain probability distribution. The maximum frame size for uplink AR traffic model 1 is 150% mean packet size. To cater the large and variable frame size for uplink AR traffic or other XR traffic, capacity enhancements for legacy configured grant (CG) are needed. A straightforward approach to enhance the capacity of CG is to configure multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. The multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration may have the same periodicity, but different starting points, as shown in Figure 1. If the frame size of XR traffic being equal to (or less than) the size of CG resources in a single CG PUSCH configuration, UE may allocate the data of the frame to all the CG PUSCH transmission occasions (or to a subset of the CG PUSCH transmission occasions). Additionally, to recycle (or reallocate) the unused CG resources to other UE(s) (or to dynamic grant for the same UE) by gNB, the unused CG PUSCH occasion(s) need to be indicated to gNB by the UE based on UCI, which will be discussed in detail later.  
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Figure 1: Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration

Configuration of multiple CG PUSCH transmission occasions
Regarding the configurations of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, the below agreements and conclusions were achieved in RAN1 #112 meeting and RAN1 #112bis-e meeting:
	Conclusion
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.
Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters

Agreement:
For 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




To configure multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, three mechanisms, developed in previous releases from Rel-15 to Rel-17, can be considered, which include:
1). Alt-A: TDRA determination based on repetition framework (Alt-A1); 
2). Alt-B: TDRA determination based on NR-U framework; and 
3). Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs (Alt-C2). 
In the legacy CG design as mentioned in the appendix, Alt-A (i.e., TDRA determination based on repetition framework) was adopted to increase uplink reliability for URLLC services. More specifically, RRC signaling indicates the full-time domain resource allocation for type 1 CG including periodicity, time offset, start symbol and length of PUSCH and K-repetition of the configured grant resources. For type 2 CG, only periodicity and K-repetition in time domain are given through RRC signaling. The other time domain related parameters are given through DCI activation scrambled with CS-RNTI. For a URLLC service, the parameter repK indicates one of {1, 2, 4, 8} repetitions of the same TB in a period of a single CG PUSCH configuration as shown in below ConfiguredGrantConfig IE [2]. Additionally, both PUSCH repetition Type A (i.e., Alt-A1) and Type B (i.e., Alt-A2) are supported in the repetition framework mechanism. Based on the repetition configuration, UE can repeat the TB across the  consecutive slots applying the same symbol allocation in each slot for PUSCH repetition Type A (i.e., Alt-A1), or repeat the TB across the K nominal repetitions applying the same symbol allocation in each repetition for PUSCH repetition Type B (i.e., Alt-A2). To simplify the configurations of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH in Rel-18 XR Enhancements, the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration may have the same symbol allocation in each CG PUSCH transmission occasion as the legacy CG repetition design. If considering some typical TDD frame structures (e.g., DDDSU), the restriction of the  consecutive uplink slots in legacy CG repetition design may be invalid and the  consecutive slots can be reinterpreted as  (consecutive) available uplink slots in a period of a single CG PUSCH configuration. To further reduce configuration signaling overhead, the  (consecutive) available uplink slots can be defined as the earliest  (consecutive) available uplink slots in a period of a single CG PUSCH configuration. Therefore, the legacy TDRA determination based on repetition framework (e.g., Alt-A1) can be reused with slight enhancements and/or reinterpretations as the configurations of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH for Rel-18 XR Enhancements.


For Alt-B (i.e., TDRA determination based on NR-U framework in Rel-16), there can be a number of PUSCH transmission occasions with the same symbols in a period of a single CG PUSCH configuration and the number is determined by high-layer configured parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16. More specifically, the higher layer parameter cg-nrofSlots-r16 provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-InSlot-r16 provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 CG PUSCH transmission or time domain resource assignment field in the activation DCI for Type 2 CG PUSCH transmission, 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. To simplify the configurations of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH in Rel-18 XR Enhancements, the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration may have the same symbol allocation in each CG PUSCH transmission occasion as the legacy NR-U framework. However, to reduce unnecessary listen before talk (LBT) channel access, only consecutive PUSCH allocations is supported for NR-U in Rel-16. Similarly, if considering some typical TDD frame structures (e.g., DDDSU), the limitation of the consecutive PUSCH allocations may be invalid in licensed carriers, and the consecutive PUSCH allocations can be reinterpreted as multiple (consecutive) available uplink PUSCH allocations in a period of a single CG PUSCH configuration. To further reduce configuration signaling overhead, the multiple (consecutive) available uplink PUSCH allocations can be defined as the earliest multiple (consecutive) available uplink PUSCH allocations in a period of a single CG PUSCH configuration. Therefore, the design of TDRA determination based on NR-U framework in Rel-16 can also be slightly enhanced to meet the requirement of the configuration of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH for Rel-18 XR Enhancements.  
Regarding Alt-C (i.e., TDRA determination based on single DCI scheduling multiple PUSCHs), the uplink grants fully configured by RRC signaling (i.e., type 1 CG) or given through DCI activation scrambled with CS-RNTI (i.e., type 2 CG) can indicate a TDRA row index indicating (or associated with) multiple SLIV entries and each SLIV entry is associated with one or more PUSCH transmission occasions of the multiple CG PUSCH transmission occasions. This mechanism has the best flexibility of resource allocation to support the multiple CG PUSCH transmission occasions in Rel-18 XR Enhancements compared with the other two mechanisms. However, if more flexible resource allocation needs to be supported for the configured multiple CG PUSCH transmission occasions in Rel-18 XR Enhancements, the size of TDRA entry list would be significantly extended and at same time the signaling overhead, especially for type 2 CG with the activation DCI, needs to be dramatically increased as well, since UE determines the bit width of the DCI field based on the number of entries in the PUSCH-TimeDomainResourceAllocationList. Additionally, in Type 1 CG, TDRA is directly configured by RRC signaling with a row index of a predefined TDRA row table. Similarly, if more flexible resource allocation needs to be supported for the configured multiple CG PUSCH transmission occasions in Rel-18 XR Enhancements, the corresponding predefined TDRA row table needs to be extended to include all the possible resource allocation rows, which inevitably makes the TDRA row table too large size and certainly is not preferred. Furthermore, if considering supporting different typical TDD frame structures (e.g., DDDSU and/or others), the signaling overhead and complexity in physical layer would be significantly increased, since different K2 values for different non-consecutive uplink slots of different TDD frame structures need to be indicated by the DCI in Alt-C2. From our point of view, to simplify the complexity of configuration of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in Rel-18 XR Enhancements, at least the same symbol allocation for the multiple CG PUSCH transmission occasions should be supported. To that end, the TDRA determination based on single DCI scheduling multiple PUSCHs (i.e., Alt-C2) is not necessary and is not preferred, because of its high signaling overhead in physical layer, especially when supporting different TDD frame structures with non-consecutive uplink slots, and/or too large table size for the corresponding predefined TDRA row table if type 1 CG also supported by the adopted alternative.  
Observation 1: Both the repetition framework (i.e., Alt-A1) and NR-U framework in Rel-16 (i.e., Alt-B) can support the configuration of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH in Rel-18 XR Enhancements.
Proposal 1: Support at least the same symbol allocation for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in Rel-18 XR Enhancements.
Proposal 2: The configured multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in Rel-18 XR Enhancements can take repetition framework (i.e., Alt-A1) or NR-U framework in Rel-16 (i.e., Alt-B) as the baseline.

Transmission and retransmission of the multiple CG PUSCH transmission occasions
HARQ process determination for the multiple CG PUSCH transmission occasions
In terms of the HARQ process ID(s) determination for multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, the below agreement was achieved in RAN1 #112bis-e meeting:
	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.




How to determine the HARQ process identifier(ID)(s), for multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, was intensively discussed in last RAN1 meeting and formula-based alternatives were figured out and agreed for further down selection. For the down selection from the agreed formula-based alternatives including different parameters, we think the finally adopted solution should be much flexible enough to support all possible traffic models/patterns of XR even in future, since XR is still in its infancy and new applications would continuously emerge in the years ahead, meanwhile, new traffic model/pattern of XR more likely would also be introduced. For example, based on the agreement in RAN2#121, RAN2 thinks uplink jitter may be present for XR (e.g., for tethering use cases). Therefore, the new introduced traffic model/pattern of XR in future should have as less standardization impacts on the finally adopted alternative as possible. To that end, the finally adopted alternative should be flexible enough to support future different frame rates, different jitter ranges, different frame packet sizes, different packet delay budgets, etc. Overall, the agreed formula-based alternatives are enhancements based on legacy HARQ process ID determinations for CG. However, some critical details or parameters of the formula-based alternatives in the agreement are still FFS, especially for X value, Y value, offset1 and offset2, which will impact the flexibility and applicability of the formula-based solutions. From our point of view, X value can be equal to the number of the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, Y can be equal to 1, and we do not see the need of Y>1. The offset1 is introduced to reduce jitter impacts on HARQ process ID determination. The offset2 is the number of skipping PUSCH occasions in last periodicity, which needs to be indicated by UCI to gNB. As mentioned by other companies, the unreliability of UCI may dramatically impact the indication of offset2 and further the performance of HARQ process ID determination. However, based on the latest agreement of UCI transmission achieved in last RAN1 meeting, UCI will be included in every CG PUSCH transmission occasion, that is transmitted, of the multiple CG PUSCH transmission occasions in a period, which can significantly increase the reliability of UCI transmission. In that sense, the offset2 indicated by UCI may be acceptable. 
In legacy CG configured with single CG PUSCH occasion in a period of a single CG PUSCH configuration, the HARQ process ID associated with the first symbol of the single CG PUSCH occasion is derived based on a regular periodicity of CG resources in the legacy Type 1 CG and Type 2 CG as below,
	TS 38.321V17.2.0
[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc115557888]5.4.1	UL Grant reception
…
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
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].



Given that the mismatch between non-integer periodicity of XR traffic and the legacy integer DRX cycles is a well-known problem, it was also agreed to adopt the periodicity mismatch issue as one requirement to be specified (i.e., DRX support of XR frame rates corresponding to non-integer periodicities) in the scope of the WID on XR Enhancements for NR as in the appendix. Hence, we think the periodicity mismatch between non-integer periodicity of XR traffic and the legacy integer CG periodicity has the same problems and needs to be solved, regardless of single or multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. To solve the periodicity mismatch between non-integer periodicity of XR traffic and the legacy integer CG periodicity, a straightforward approach is to configure a nominal periodicity, for the CG, which is the same as the non-integer periodicity of XR traffic. Other potential methods may include further rounding operations (e.g., ceiling operation or flooring operation) based on the nominal periodicity, nested configuration with multiple periodicities, etc. Therefore, based on the above potential methods, the finally configured CG resources, for multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, may have a nominal periodicity which is the same as non-integer periodicity of XR traffic, or may have no regular periodicity which cannot be used directly in the legacy formula of HARQ process ID determination. From our point of view, to simplify or reuse the formula based HARQ process ID determination as in legacy CG, the periodicity of CG resources in HARQ process ID determination formula needs to be replaced with non-integer periodicity of XR traffic or a nominal periodicity of CG resources, which is the same as non-integer periodicity of XR traffic. Therefore, we have the following observation and proposal: 
Observation 2: Due to the regular periodicity of the configured CG resources for CG PUSCH configuration being not guaranteed, the legacy HARQ process ID determination mechanism based on regular periodic resource allocation can’t be applied directly to the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration for uplink XR traffic.
Proposal 3: Support that the periodicity of CG resources in the formula of HARQ process ID determination can be replaced with non-integer periodicity of XR traffic or a nominal periodicity of CG resources which is the same as non-integer periodicity of XR traffic. 
As mentioned in uplink XR traffic model in the appendix, model 1 of uplink AR traffic model may have some statistical parameters including different jitter range values. More specifically, the range of jitters for uplink XR traffic could be [-4, 4] ms, [-5, 5] ms, or may be even larger in some scenarios in future. To fully (or partially) avoid the jitter’s impacts on resources allocation and improve transmission performance for the CG configuration, a time offset value needs to be introduced between the regular arrival time of XR packet and starting time of allocations for CG PUSCH transmission, which will impact HARQ process ID determination, especially for the agreed formula-based alternatives above. From our point of view, the agreed formula-based alternatives should be flexible enough to support the scenarios with jitter impacts. To simplify problem analysis, the agreed formula-based alternatives above (e.g., without harq-ProcID-Offset2) can be split into four HARQ process ID determination schemes, including the first (1st) HARQ process ID determination scheme through the fourth (4th) HARQ process ID determination scheme. The first HARQ process ID determination scheme is as below formula,
HARQ Process ID = [floor(X *CURRENT_symbol/periodicity) + offset2] modulo nrofHARQ-Processes
The second HARQ process ID determination scheme is as below formula with offset1,
HARQ Process ID = [floor(X *(CURRENT_symbol – offset1)/periodicity) + offset2] modulo nrofHARQ-Processes
The third HARQ process ID determination scheme is as below formula,
HARQ Process ID = [X *floor(CURRENT_symbol/periodicity) + offset2] modulo nrofHARQ-Processes
The fourth HARQ process ID determination scheme is as below formula with offset1,
HARQ Process ID=[X*floor((CURRENT_symbol–offset1
)/periodicity) + offset2] modulo nrofHARQ-Processes
where, the offset1 and offset2 are semi-static configured by RRC messages (or dynamically indicated by MAC CE or DCI/UCI) based on the agreement, the periodicity is the periodicity of uplink XR traffic or a nominal periodicity of CG resources (X may be the number (X) of the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration) in terms of OFDM symbols, and 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. Furthermore, to compare the results of the agreed formula based HARQ process ID (HPI) determinations with and without offset1, the results of the formula based HARQ process ID determinations including the 1st HARQ process ID determination scheme through the 4th HARQ process ID determination scheme, are shown in Figure 2, in which offset2 is set to 0, the XR traffic frame rate is 60 fps, jitter range is [-5, 5] ms, the number of multiple CG PUSCH occasion in a period is 8, and the total number of HARQ processes is 16. In the formula based HARQ process ID determinations (including the 1st HARQ process ID determination (HPID) scheme through the 4th HARQ process ID determination (HPID) scheme), the HARQ process ID for the first configured/valid PUSCH in a period is determined based on the above corresponding HPI determination formula, and the HPI of the remaining PUSCHs in the same period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period with module operation with nrofHARQ-Processes according to the work assumption in the agreement. 
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Figure 2: Example results of HARQ process ID determination using 1st HPID scheme, 2nd HPID scheme, 3rd HPID scheme and 4th HPID scheme based on XR traffic periodicity, 8 PUSCH transmission occasions per period and the total number of HARQ processes 16
From the results, we can see, if considering jitter impacts on CG PUSCH resource allocation and a time offset introduced between the regular arrival time of XR packet and starting time of allocations for CG PUSCH transmission, the 1st HPID scheme can still work well based on the current agreed rule or definition, except for a different HPI order (e.g., HPI=16 emerges for the last PUSCH occasion of the second period based on the incrementing rules if the total number of HARQ processes is 16 in this case, however, it can be transferred to HPI=0 after module operation with nrofHARQ-Processes according to the work assumption). After offset1 is introduced in the HARQ process ID determination formula as in the 2nd HPID scheme, the starting HPI with value 0 can be obtained accordingly (e.g., offset1 = 1ms or 2 ms) as shown in Figure 2. For the 3rd HPID scheme and the 4th HPID scheme, there are no differences in conditions with/without offset1, because the time offset value between the regular arrival time of XR packet and starting time of allocations for CG PUSCH transmission is not large enough to impact the results. If the time offset value, between the regular arrival time of XR packet and starting time of allocations for CG PUSCH transmission, is larger than a periodicity for the 3rd HPID scheme, the same issues of the 1st HPID scheme still exist for the 3rd HPID scheme (i.e., the determined HPI order will be changed). Therefore, based on the example results of different formula-based HARQ process ID determinations with jitter impacts and impacts of irregular periodicity of CG PUSCH resources, we have the following observation and proposals:  
Observation 3: To overcome (or reduce) jitter impacts on CG PUSCH resource allocation, a time offset value, between the regular arrival time of XR traffic and the CG PUSCH resource allocation, needs to be introduced, which may impact the HARQ process ID determination results for formula based HARQ process ID determinations, at least for the determined HARQ process ID order.
Proposal 4: Support that a time offset value (i.e., offset1) is introduced for the formula based HARQ process ID determination to avoid (or reduce) jitter impacts on CG PUSCH resource allocation and HARQ process ID determination at least for the determined HARQ process ID order.
Proposal 5: Support that the number (i.e., X), of the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in HARQ process determination formulas, is inside floor operation.
Proposal 6: Confirm the work assumption in the agreement, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG, achieved in last RAN1 meeting.
Retransmission of the multiple CG PUSCH transmission occasions
Regarding retransmission for CG PUSCH transmission, three retransmission mechanisms were specified in previous releases from Rel-15 to Rel-17, which includes:
1) Based on dynamic uplink grant via dynamic grant resources;
2) CG-DFI based retransmission;
3) Timer-based retransmission.
The first retransmission mechanism is based on dynamic uplink grant via dynamic grant resources and UE may assume ACK in absence of reception of feedback after a timer expires. If CBG based retransmission is supported to increase retransmission efficiency in the first retransmission mechanism, the dynamic uplink grant needs to include a CBGTI field, which indicates NACK/ACK for each corresponding CBG. And then, UE may retransmit the corresponding CBGs if NACKs are received in the CBGTI field for the corresponding CBGs. However, for NR-U in Rel-16, it was identified that it is problematic for the UE to assume ACK in absence of reception of feedback because of LBT impacts or hidden terminal issues, which results in introducing explicit feedback in the form of uplink grants (i.e., CG-DFI) for PUSCH transmission. That is, the second retransmission mechanism is CG-DFI based retransmission. More specifically, if the corresponding bit in CG-DFI indicating a NACK for a TB, UE may perform retransmission for the corresponding TB via configured grant resources. Meanwhile, due to high signaling overhead, for example, CBGTI field needs to be added in CG-DFI and CG-UCI, CBG based retransmission via configured grant resources is not supported for NR-U in Rel-16. Furthermore, it was additionally identified in NR-U Rel-16 that UE assuming NACK upon a timer expiration can be helpful to avoid LBT impact on reception of the feedback. The third retransmission mechanism is a timer-based retransmission, in which a timer starts when a TB is transmitted, and if no ACK is received before the timer expires, UE assumes NACK and perform non-adaptive retransmission via configured grant resources. The second and the third retransmission mechanisms are specifically designed for shared spectrum access to reduce the LBT impacts or hidden terminal issues on retransmission. Therefore, the first retransmission mechanism can be reused for retransmission of the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.
Proposal 7: Retransmissions of the multiple CG PUSCH transmission occasions, in a period of a single CG PUSCH configuration, are based on dynamic uplink grant(s) via dynamic grant resources and UE assumes ACK(s) in absence of reception of feedback after a timer expires if retransmissions for the multiple CG PUSCH transmission occasions supported.

Dynamic indication of unused CG PUSCH occasion(s) based on UCI
UCI used for indicating unused CG PUSCH occasion(s)
Regarding indications of unused CG PUSCH transmission occasion(s) in a period of a single CG PUSCH configuration, the below agreement was achieved in RAN1 #112bis-e meeting:
	Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)

Agreement
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.



Based on the above agreements, the indicated “unused” CG PUSCH transmission occasion(s) (TO) (s), by the UCI in a CG PUSCH for a CG configuration, can be consecutive or non-consecutive CG PUSCH TO(s) in time domain, and the UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. However, during the online discussion, different companies have different understanding for the definition of the time duration/range, which is still FFS. Before the determination of the time duration/rang, all the possibilities of the locations for TOs indicated by UTO-UCI need to be discussed firstly. Figure 3 shows some examples for the potential possibilities of the locations for TOs indicated by UTO-UCI. For instance, the UTO-UCI may be transmitted in PUSCH occasions of CG periodicity 2. Obviously, the UTO-UCI can indicate the “unused” CG PUSCH transmission occasion(s) of the same CG periodicity (i.e., CG periodicity 2). One possibility is that the UTO-UCI of CG periodicity 2 may indicate the “unused” CG PUSCH transmission occasion(s) of the previous CG periodicity (i.e., CG periodicity 1). However, even if this possibility of indicating the “unused” CG PUSCH transmission occasion(s) of the previous CG periodicity is allowed, the “unused” CG PUSCH transmission occasion(s) of the previous CG periodicity can’t be recycled (or reallocated) to other UEs (or to dynamic grant of the same UE), because the UTO-UCI is transmitted after the “unused” CG PUSCH transmission occasion(s) of the previous CG periodicity. Another possibility is that the UTO-UCI of CG periodicity 2 may indicate the “unused” CG PUSCH transmission occasion(s) of the next CG periodicity (i.e., CG periodicity 3). Similarly, even if this possibility of indicating the “unused” CG PUSCH transmission occasion(s) of the next CG periodicity is allowed, the “unused” CG PUSCH transmission occasion(s) of the next CG periodicity can’t be determined by UE when UTO-UCI of CG periodicity 2 transmitted, because the next XR packet (i.e., XR packet 3) has not arrived yet and how many “used” CG PUSCH transmission occasion(s) of the next CG periodicity can’t be calculated at this point. Therefore, from our point of view, the only practical possibility is that the UTO-UCI provides a bitmap where a bit corresponds to a TO within the same periodicity with the UTO-UCI.
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Figure 3: Different possibility examples of unused CG PUSCH occasion(s) indicated by UTO-UCI

Proposal 8: Support that, for a bitmap provided by UTO-UCI, a bit of the bitmap corresponds to a transmission occasion (TO) within the same configured grant (CG) periodicity with the UTO-UCI. 

Timing relationship for indication of the unused CG PUSCH occasion(s)
The motivation for UCI indicating unused CG PUSCH occasion(s) to gNB is to recycle (or reallocate) the unused CG PUSCH occasion(s) to other UEs (or to dynamic grant for the same UE). When gNB schedules an unused CG PUSCH occasion to other UEs (or the same UE), gNB needs to determine a time offset K2 based on UE capability of PUSCH preparing time, and further indicates the time offset K2. More specifically, the time offset K2 is a time difference between the DL slot where the PDCCH(DCI) for uplink scheduling is received and the UL Slot where the UL data needs to be sent on PUSCH, as shown in below Figure 4. Then, the other UEs (or the same UE based on dynamic grant) can perform uplink transmission via the unused CG PUSCH occasion to the gNB according to the time offset K2. To guarantee the indicated unused CG PUSCH occasion(s) to be really recycled to other UEs (or to the same UE), time offset between UCI and the indicated unused CG PUSCH occasion(s) should be equal to or greater than the PUSCH preparing time for at least one of the other UEs (or the same UE). Otherwise, the indicated unused CG PUSCH occasion(s) can’t be recycled by gNB to any of the other UEs (or the same UE), even though UCI is detected by the gNB. In that sense, some potential approach needs to be considered to make sure the unused CG PUSCH occasion(s) can be really scheduled to the other UEs (or to dynamic grant for the same UE), for example, indicating unused CG PUSCH occasion(s) to gNB can be based on a time offset threshold, indicated by gNB, between UCI and the unused CG PUSCH occasion(s). If time offset between UCI and the unused CG PUSCH occasion(s) is less than the time offset threshold, the UCI indications for the unused CG PUSCH occasion(s) may be wasted with high cost of uplink signaling overhead and power consumption for UE. The time offset threshold may be determined by gNB based on UE capability of PUSCH preparing of the other UEs and/or capacity/capability of gNB to recycle the unused CG PUSCH occasion(s). Additionally, if there is no downlink slot (or resources) between UCI and the unused CG PUSCH occasion(s), the unused CG PUSCH occasion(s) also can’t be recycled/scheduled by gNB to other UEs (or the same UE), in which indicating unused CG PUSCH occasion(s) to gNB is not necessary as well.
[image: ]
Figure 4: Timing relationship of dynamic indication of unused CG PUSCH occasion(s) 

Observation 4: To guarantee the indicated unused CG PUSCH occasion(s) to be really recycled to other UEs (or the same UE based on dynamic grant), time offset between UCI and the indicated unused CG PUSCH occasion(s) should be equal to or greater than the PUSCH preparing time for at least one of the other UEs (or the same UE).
Proposal 9: Indicating unused CG PUSCH occasion(s) to gNB can be determined based on a time offset threshold, indicated by gNB, between UCI and the unused CG PUSCH occasion(s).

Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: Both the repetition framework (i.e., Alt-A1) and NR-U framework in Rel-16 (i.e., Alt-B) can support the configuration of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH in Rel-18 XR Enhancements.
Proposal 1: Support at least the same symbol allocation for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in Rel-18 XR Enhancements.
Proposal 2: The configured multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in Rel-18 XR Enhancements can take repetition framework (i.e., Alt-A1) or NR-U framework in Rel-16 (i.e., Alt-B) as the baseline.
Observation 2: Due to the regular periodicity of the configured CG resources for CG PUSCH configuration being not guaranteed, the legacy HARQ process ID determination mechanism based on regular periodic resource allocation can’t be applied directly to the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration for uplink XR traffic.
Proposal 3: Support that the periodicity of CG resources in the formula of HARQ process ID determination can be replaced with non-integer periodicity of XR traffic or a nominal periodicity of CG resources which is the same as non-integer periodicity of XR traffic.
Observation 3: To overcome (or reduce) jitter impacts on CG PUSCH resource allocation, a time offset value, between the regular arrival time of XR traffic and the CG PUSCH resource allocation, needs to be introduced, which may impact the HARQ process ID determination results for formula based HARQ process ID determinations, at least for the determined HARQ process ID order.
Proposal 4: Support that a time offset value (i.e., offset1) is introduced for the formula based HARQ process ID determination to avoid (or reduce) jitter impacts on CG PUSCH resource allocation and HARQ process ID determination at least for the determined HARQ process ID order.
Proposal 5: Support that the number (i.e., X), of the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration in HARQ process determination formulas, is inside floor operation.
Proposal 6: Confirm the work assumption in the agreement, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG, achieved in last RAN1 meeting.
Proposal 7: Retransmissions of the multiple CG PUSCH transmission occasions, in a period of a single CG PUSCH configuration, are based on dynamic uplink grant(s) via dynamic grant resources and UE assumes ACK(s) in absence of reception of feedback after a timer expires if retransmissions for the multiple CG PUSCH transmission occasions supported.
Proposal 8: Support that, for a bitmap provided by UTO-UCI, a bit of the bitmap corresponds to a transmission occasion (TO) within the same configured grant (CG) periodicity with the UTO-UCI.
Observation 4: To guarantee the indicated unused CG PUSCH occasion(s) to be really recycled to other UEs (or the same UE based on dynamic grant), time offset between UCI and the indicated unused CG PUSCH occasion(s) should be equal to or greater than the PUSCH preparing time for at least one of the other UEs (or the same UE).
Proposal 9: Indicating unused CG PUSCH occasion(s) to gNB can be determined based on a time offset threshold, indicated by gNB, between UCI and the unused CG PUSCH occasion(s).
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Appendix
A. Uplink XR traffic model and CG in current specification
A.1 Uplink XR traffic model
Extended reality (XR) refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables [3]. XR is also an umbrella term for different types of realities including Virtual reality (VR), Augmented reality (AR), and Mixed reality (MR). VR is a rendered version of a delivered visual and audio scene. Here, the rendering is designed to mimic the visual and audio sensory stimuli of the real world as naturally as possible to an observer or user as they move within the limits defined by the application. AR is when a user is provided with additional information or artificially generated items, or content overlaid upon their current environment. MR is an advanced form of AR where some virtual elements are inserted into the physical scene with the intent to provide the illusion that these elements are part of the real scene.
According to the conclusions achieved in study phase of XR enhancements for NR, different types of realities may have different traffic models, which can be applied to both downlink XR traffic and uplink XR traffic. For uplink XR traffic, there are three traffic models, defined in [4], including uplink VR traffic model, uplink cloud gaming traffic model, and uplink AR traffic model. In model 1 of uplink AR traffic model, all AR uplink flows are modelled as a single stream with following parameters as shown in table 5.5.2.1-1 and table 5.1.1.2-1 [4]. 
[bookmark: _Ref83127877]Table 5.5.2.1-1: Statistical parameters for AR UL Model 1 (one stream model)
	Parameters
	unit
	value

	Packet size
	byte
	Follows clause 5.1.1.1 (i.e., mean packet size = R×1e6 / F / 8, STD/Min/Max=10.5/50/150%)

	packet generation rate: F 
	Hz
	60

	Jitter
	ms
	Optional, follows the description in clause 5.1.1.2

	Data rate: R
	Mbps
	10 (baseline), 20 (optional)

	PDB
	ms
	30 (baseline), 10 or 15 or 60 (optional)



[bookmark: _Ref82966331]Table 5.1.1.2-1: Statistical parameters for jitter
	Parameter
	unit
	Baseline value for evaluation
	Optional value for evaluation

	Mean
	ms
	0
	

	STD
	ms
	2
	

	Truncation range
	ms
	[-4, 4]
	[-5, 5]


 
Based on the statistical parameters for uplink AR traffic model 1, the XR uplink traffic can be modelled as a sequence of video frames arriving at UE according to the considered video frame rates and random jitter. Additionally, the size of each frame is also random and subject to a certain distribution, as shown in the below figure.
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Uplink AR traffic model 1
To simplify problem analysis, the following discussions are mainly based on the uplink AR traffic model with single stream (i.e., uplink AR traffic model 1).

A.2 CG in current specification
Two types of configured grant transmissions are supported in current NR specification, in which one is type 1 CG and another one is type 2 CG. For type1 CG, all parameters of configured grant are configured by RRC messages. However, for type 2 CG, only part of parameters of configured grant are configured by RRC messages and other parameters of configured grant are indicated by downlink control information (DCI), which not only indicates MCS and available resources, but also activates the type 2 CG, as shown in the below figure. In Type 1 CG, RRC messages provide all CG parameters including periodicity, time offset, time-frequency allocation, UE-specific DMRS configuration, MCS/TBS, #repetitions (K), power control, etc. In Type 2 CG, RRC messages provide periodicity, power control, #repetitions (K), while activation DCI provides time offset, time-frequency allocation, MCS/TBS, UE-specific DMRS configuration, etc. If the RRC messages include "rrc-ConfiguredUplinkGrant", UE performs transmission with fully RRC-configured UL grant (i.e., Type 1 CG). If this field is absent, UE uses UL grant indicated by DCI addressed to CS-RNTI (i.e., Type 2 CG). Regarding retransmission of transport block (TB) for CG in licensed carriers, hybrid automatic repeat request (HARQ) process supports two schemes, in which one scheme is dynamic grant-based retransmission after the first grant free transmission via corresponding CG resources and the other scheme is grant free transmission with multiple repetitions. If UE receives an explicit ACK from gNB for the TB before transmission of any repetition of the TB, UE can terminate the transmission of the TB. For shared spectrum scenario, UE can perform autonomous uplink retransmission of the TB via CG resources if UE receives CG downlink feedback information (CG-DFI) indicating NACK for the TB. If not receiving the CG-DFI (e.g., listen before talk (LBT) failure at gNB) before cg-RetransmissionTimer expires, UE may perform autonomous retransmission for the TB after the cg-RetransmissionTimer expires. For both type 1 CG and type 2 CG, the HARQ ID is implicitly determined based on the selected CG resource in licensed carriers. Instead, for shared spectrum scenario, UE determines the HARQ ID for uplink autonomous transmission and indicates the determined HARQ ID to gNB via CG uplink control information (CG-UCI) piggybacked on PUSCH. For CG with multiple repetitions, the HARQ redundancy version (RV) for each repetition of the TB is implicitly determined based on the index of the repetition transmission occasion and an RV sequence configured by RRC messages in licensed carriers. But for shared spectrum scenario, UE determines the RV for uplink autonomous transmission/retransmission and indicates the determined RV to gNB via CG-UCI piggybacked on PUSCH.

[image: ]
Type 2 CG

B. WI scope for New WID on XR Enhancements for NR
B.1 Objective of SI or Core part WI or Testing part WI
Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple Configured Grant (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 Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);

Microsoft_Word_Document.docx
ConfiguredGrantConfig information element

-- ASN1START

-- TAG-CONFIGUREDGRANTCONFIG-START



ConfiguredGrantConfig ::=           SEQUENCE {

    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S

    …

    powerControlLoopToUse               ENUMERATED {n0, n1},

    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,

    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S

    nrofHARQ-Processes                  INTEGER(1..16),

    repK                                ENUMERATED {n1, n2, n4, n8},

    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R

    periodicity                         ENUMERATED {

                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,

                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, …

    },
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