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Introduction
[bookmark: _Hlk101186498][bookmark: OLE_LINK817]In RAN#99, the following revised WI objectives were approved for XR enhancements related to capacity [1]:
	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);



In this contribution, we discuss the details for these XR specific capacity improvement enhancements for configured grants.
Discussion
The Rel-18 XR work item scope includes the introduction of multiple PUSCH transmission occasions and dynamic indication of unused occasions based on the UCI information reported by UE. 
Uplink XR traffic model includes pose/control information and UL video data. From TR 38.838 [2], the latter has a baseline data rate of 10 Mbps (and 20 Mbps as optional) and its packet size varies based on truncated Gaussian distribution [2]. Uplink transmissions that use configured grants (CG) can achieve lower latency than dynamic UL grants that require scheduling request; hence Rel-16 CG design can be useful for uplink XR video traffic. However, Rel-16 CG mechanism is not optimized for large and varying packet sizes. Since XR may require large number of RB allocations in uplink due to high reliability and large packet size characteristics, the system spectrum efficiency needs to be optimized to support XR services for many users in a single cell. 
Therefore, Rel-18 XR work includes support for multiple PUSCH transmission occasions to help optimize the required number of RBs per UL packet while avoiding over-provisioning. Depending on the UL packet size, a user may require either one or two or more than two PUSCH occasions per CG period. It is important to keep in mind the Rel-18 work item objective definition and the underlying motivations to enhance XR-specific capacity performance. 
Observation 1: XR UL video traffic characteristics based on large and varying packet size and strict latency requirements are the underlying motivations for XR-specific configured grant enhancements in Rel-18.
The support for multiple PUSCH occasions and dynamic indication of unused occasions should ensure that the intended motivations for these enhancements are fulfilled with the required specification efforts, but without unnecessary redundancies which will not enhance XR operation. In addition, these new enhancements should not negatively impact the overall reliability and latency performance of existing Rel-16 CG mechanism. Since the latency KPI can be interpreted as part of the system capacity performance (e.g., in terms of the number of users that can fulfill the XR capacity requirements within the packet latency budget), it is acceptable to consider PUSCH latency in the capacity context. However, reliability-focused enhancements (e.g., TB repetitions) sometimes are in conflict with capacity enhancements and therefore, in such cases, XR work must focus on capacity benefits in Rel-18, as defined in the WID [1].
Multiple PUSCH TOs per single CG period
In this section, we discuss open issues for multiple PUSCH TOs per CG period including TDRA framework and HARQ ID determination for multiple PUSCH.
TDRA for multiple PUSCH TOs
In RAN1-112 meeting [3], the following agreement was made on TDRA design. 
	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



In RAN1-112bis-e meeting [4], the following agreement down-scoped the alternative baseline design options for TDRA design. 
	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



We share our views on these alternatives as follows:
Alt-A1 is based on PUSCH repetition type-A framework introduced in Rel-16 NR for URLLC. A single SLIV is determined for multiple PUSCH TOs based on TDRA configuration/signalling. Alt-A1 allows one PUSCH TO per slot. 
Alt-B follows NR-U TDRA configuration approach. There are basically two configuration parameters that determine the number of PUSCH in a slot and the number of slots for CG. Single SLIV is determined for multiple PUSCH TOs. This approach can configure multiple PUSCH TOs in a slot. 
Alt-C1 follows the TDRA framework based on single DCI scheduling multiple PUSCHs. Both consecutive and non-consecutive slots can be allocated for each PUSCH. Based on Alt-C2, a single PUSCH TO is determined per slot and different multiple SLIV configurations can be associated with each PUSCH TO. 
Based on the perspective of XR requirements, mini-slot level PUSCH TO allocation (i.e., type-B PUSCH mapping) is not preferred as XR video packets are large and the latency budget is not as strict as Rel-16/Rel-17 eURLLC applications. Therefore, single PUSCH TO configuration per slot is more sensible approach. On having single vs. multiple SLIVs, no clear benefit is seen with different SLIV configurations for each PUSCH. We expect UE to segment the XR video frame into multiple TBs, each of which will be transmitted using one PUSCH TO according to the multi-PUSCH CG configuration. From network perspective, configuring a single SLIV which applies to multiple PUSCH TOs should be sufficient. Another important aspect is the latency. Since each PUSCH TO is expected to carry a new TB, sufficient time should be preserved in case of HARQ re-transmission grants if gNB fails to decode the packet.
Based on the discussion, we propose to support Alt-A1 since it is the most suitable approach for XR requirements. Alt-B can also be considered if it is limited to slot-level allocation only. Alt-C2 can be considered if it is limited to single-SLIV operation only. 
Proposal 1: TDRA framework uses PUSCH repetition type-A as baseline (Alt-A1). 
Another important design relationship of multiple PUSCH occasions is with the dynamic indication of unused PSUCH TOs via UCI. Since network needs sufficient time to detect and interpret “unused TO indication” by the UE, it is important to consider TDRA framework in relation to unused TO indication. Since the necessary time gap required by the gNB is likely to depend on network implementation details, the time gap can be pre-configurable by gNB. 
So, we propose that there shall be a time gap between the first and second PUSCH TOs. The gap can be configured by gNB in number of slots. 
Proposal 2: A time offset parameter configured semi-statically by the network indicates the time gap between the 1st and the 2nd PUSCH TOs in number of slots. 
Although a time gap between the 1st and 2nd transmission occasions is desirable to guarantee sufficient time for the network to repurpose the unused occasions, it may not be desirable to have another time gap after every other transmission occasion after the first one. This is to minimize additional latency incurred in case most or all of the pre-configured transmission occasions are required for UE to transmit UL data. We propose the following: 
[bookmark: _Hlk127110976]Proposal 3: The rest of the PUSCH TOs from the 2nd TO onwards (i.e., the 2nd, 3rd, etc. TOs) are assigned in back-to-back UL slots (based on Alt-A1 PUSCH repetition type-A framework as baseline).

HARQ ID determination
In RAN1-112bis-e meeting [4], the following agreement was made on HARQ ID determination. 
	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.



The HARQ process ID is determined in Rel-15/Rel-16 CG based on a formula in MAC specifications as quoted below. From TS 38.321, clause 5.4.1 [5], we can see: 
	….
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].
….



The formula above assigns HARQ process ID for each PUSCH occasion with the assumption that there is only one occasion in each CG period. With R18 multiple transmission occasions in a single CG period, the same formula needs to be modified to accommodate multiple PUSCH occasions wherein different TBs can be transmitted. 
The detailed modification for the formula should be discussed carefully in RAN1. Since this will impact MAC layer specifications, RAN1 should seek RAN2 expertise. When RAN1 reaches an agreement on HARQ ID determination, an LS should be sent to RAN2 to inform and consult them. 
Proposal 4: RAN1 shall send an LS to RAN2 to consult them about the feasibility of the RAN1 agreement on the HARQ ID determination formula modification.
For the HARQ ID formula modification, the necessary HARQ ID assignment to PUSCH TOs is illustrated in Figure 1 below. As can be seen in Figure 1, each PUSCH TO is assigned a different HARQ ID by incrementing the ID index by one. There is also a time gap between the 1st and 2nd PUSCH TOs in each CG period. Note that this example in Figure 1 considers 3 PUSCH TOs per CG period. 
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Figure 1 Preferred HARQ ID assignment by the modified legacy CG formula

To achieve the desired HARQ ID determination as shown in Figure 1, a new parameter “CURRENT_occasion_index” should be inserted to the legacy CG formula. We also need to add a new parameter “total-NrofOccasions-PerCGPeriod” as a fixed value based on the RRC configuration for the CG (i.e., this parameter would be set to 3 for the example in Figure 3) Based on these two new parameters, the following modification would work well: 
	· HARQ Process ID = [total-NrofOccasions-PerCGPeriod * [floor(CURRENT_symbol/periodicity)] + CURRENT_occasion_index] module nrofHARQ-Processes



As mentioned above, the value of “total-NrofOccasions-PerCGPeriod” is a fixed integer number and (pre-)configured by RRC for the corresponding CG configuration with multiple PUSCH occasions. For the 1st PUSCH TO in a CG period, the parameter “CURRENT_occasion_index” is set to zero. To calculate the value of the parameter “CURRENT_occasion_index” PUSCH TOs after the 1st PUSCH TO (for 2nd, 3rd, etc. TOs), the following formulation should be defined such that there is no ambiguity between UE and network:
	
· 
where 



According to the formula above, the parameter  indicates the symbol index position in reference to the symbol index that starts the current CG period. The parameter  has a fixed value and defines the time gap between the 1st and 2nd PUSCH TOs in number of symbols.
Based on the discussion above, we propose the following: 
Proposal 5: HARQ ID formula for the 1st PUSCH TO should also be used to determine the HARQ ID for the remaining PUSCH TOs in a CG period by including the parameter Y into the formula. 
Proposal 6: The parameter “Y” should be written in a formulated form for each of the remaining PUSCH TOs rather than stating that “each PUSCH TO increments the previous HARQ ID by Y”. 
On the parameters offset_1 and offset_2, the necessary benefit is not very clear. We should avoid including any dynamically adjustable parameters (e.g., based on jitter or unused PUSCH occasions) in the HARQ ID formula to mitigate any potential mismatch errors between gNB and UE. 
We propose the following:
Proposal 7: The parameters “offset1” and “offset2” are removed from the HARQ ID formula. 

Dynamic indication of unused PUSCH TOs
The motivation behind dynamic indication of unused PUSCH is essentially to help network be informed about unnecessary pre-configured UL resources with sufficient time in advance such that network can react and re-purpose these resources for another user in the system, potentially. That way, over-provisioned resources can be utilized by another user in the system over time. 
In this section, we discuss design details on UCI indication of unused PUSCH occasions including what information to carry in the UCI, when to transmit UCI, and UCI encoding/multiplexing in PUSCH. 

UCI format and UCI encoding/multiplexing in CG PUSCH
In RAN1-112bis-e meeting [4], the following agreements were made on UCI format and encoding/multiplexing:
	Agreement
The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).

Agreement
· With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” and applied when applicable. 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset, when applicable.
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



On UCI encoding and multiplexing, two remaining issues are left from the last RAN1 agreement. One issue is related to the priority between UTO-UCI and HARQ-ACK. Since HARQ-ACK information may carry NACK, its impact on XR reliability is more significant than UTO-UCI. If joint encoding is not supported or configured, the dropping rule should prioritize HARQ-ACK over UTO-UCI. 
We propose the following: 
Proposal 8: If joint encoding is not supported or configured, UTO-UCI should be dropped when HARQ-ACK is available. 

When to send UCI
In RAN1-112bis-e meeting [4], the following agreement was made on when to send UCI:
	Agreement
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



As agreed above, the UTO-UCI is included in every PUSCH that is transmitted. This is helpful for jitter. If the UL video packet arrival is delayed, UE can still use the UCI in the 2nd transmission occasion to report to the network how many occasions will be needed. However, the last PUSCH occasion in a CG period does not need to include UTO-UCI. Since the typical CG period for XR traffic should be 16 ms (i.e., assuming 60 fps), the UTO-UCI carried in the last PUSCH occasion cannot indicate whether the 1st PUSCH TO in the next CG period will be used or unused before the next XR video frame packet arrives from higher layers. 
We propose the following: 
Proposal 9: The last PUSCH TO does not carry UTO-UCI since there is no more PUSCH TO is left to point in the current CG period.

UCI content and the information carried by the UCI
In RAN1-112bis-em meeting [4], the following agreements were made on UCI content:
	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.



One important remaining issue on the bitmap information carried by the UCI is related to the time duration/range of the PUSCH TOs to which the bitmap points. There are two possible approaches here. One approach limits the set of PUSCH TOs indicated by the bitmap to a single CG period. The other approach considers bitmap indication across multiple CG periods. To understand the difference, the suitable CG periodicity values should be studied in the context of typical XR traffic characteristics. 
Essentially, multiple PUSCH occasions in a single CG period has benefits for XR traffic due to varying packet sizes. Due to video encoding, each video frame can have a different size which will necessitate different number of TB transmissions in uplink. Supporting multiple PUSCH TOs will help UE to transmit a large number of TBs (if video frame has large size) or it will help UE to use only the required number of PUSCH TOs (i.e., fewer TOs than all of the provisioned TOs). Therefore, understanding the suitable periodicity values for CG configurations is important for designing multiple PUSCH TOs in a single CG period. 
Let us assume that XR traffic has a periodicity of 16.667ms. These two different CG configurations are illustrated as two examples in Figure 2 and Figure 3.
[image: ]
Figure 2 CG periodicity is set to 16ms (when XR traffic periodicity = 16.667ms)
[image: ]
Figure 3 CG periodicity is set to 5ms (when XR traffic periodicity = 16.667ms)

In Figure 2, CG periodicity is set to 16ms when XR traffic periodicity is 16.667ms. In Figure 3, CG periodicity is set to 5ms when XR traffic periodicity is 16.667ms. Although both approaches allow transmitting a large UL video frame in multiple TBs, setting CG periodicity to a longer value (e.g., 16ms) has some latency benefits. If the initial TB transmission cannot be decoded by the gNB, there will be more opportunities in time to schedule a re-transmission grant. This is particularly the case when multiple PUSCH TOs in a single CG period are configured in back-to-back UL slots. 
Based on the discussion, setting the CG period to 16ms (e.g., Figure 2) is a more suitable configuration taking into account XR traffic characteristics. In this setting, it is also clear that the UTO-UCI bitmap indication should be limited to a single CG period since it will not be feasible to determine whether the 1st PUSCH TO in the next CG period is used or unused until the next XR video frame packet arrives. 
We propose that the UTO-UCI bitmap indication is limited to a time duration range, which is a single CG period.
Proposal 10: The bitmap carried by the UTO-UCI indicates PUSCH TOs within the current single CG period only (i.e., the bitmap indication is limited to a time duration/range, which is one CG period). 

Conclusions
We have the following observations:
Observation 1: XR UL video traffic characteristics based on large and varying packet size and strict latency requirements are the underlying motivations for XR-specific configured grant enhancements in Rel-18.

We have the following proposals:
Proposal 1: TDRA framework uses PUSCH repetition type-A as baseline (Alt-A1). 
Proposal 2: A time offset parameter configured semi-statically by the network indicates the time gap between the 1st and the 2nd PUSCH TOs in number of slots. 
Proposal 3: The rest of the PUSCH TOs from the 2nd TO onwards (i.e., the 2nd, 3rd, etc. TOs) are assigned in back-to-back UL slots (based on Alt-A1 PUSCH repetition type-A framework as baseline).
Proposal 4: RAN1 shall send an LS to RAN2 to consult them about the feasibility of the RAN1 agreement on the HARQ ID determination formula modification.
Proposal 5: HARQ ID formula for the 1st PUSCH TO should also be used to determine the HARQ ID for the remaining PUSCH TOs in a CG period by including the parameter Y into the formula. 
Proposal 6: The parameter “Y” should be written in a formulated form for each of the remaining PUSCH TOs rather than stating that “each PUSCH TO increments the previous HARQ ID by Y”. 
Proposal 7: The parameters “offset1” and “offset2” are removed from the HARQ ID formula. 
Proposal 8: If joint encoding is not supported or configured, UTO-UCI should be dropped when HARQ-ACK is available. 
Proposal 9: The last PUSCH TO does not carry UTO-UCI since there is no more PUSCH TO is left to point in the current CG period.
Proposal 10: The bitmap carried by the UTO-UCI indicates PUSCH TOs within the current single CG period only (i.e., the bitmap indication is limited to a time duration/range, which is one CG period). 
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