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[bookmark: _Ref100246227]Introduction
In Rel-17 “Study on XR Evaluation for NR” [1], the video stream in eXtended Reality (XR) and Cloud Gaming (CG) application, such as VR/AR and CG, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport, while the packet arrival of the UL XR traffic would be periodic from the UE application layer to MAC/physical layer for scheduled UL transmission also with non-negligible delay jitter. The pose/control information as the classical UL XR traffic is usually generated with the 4ms periodicity with a small packet size, e.g. 100 bytes. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB).
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]A UE can transmit UL data using CG resources after configuration (of a CG Type 1) or activation (of a CG Type 2), without the need of receiving UL grant from the gNB. The UL configured grant also has a fixed amount of resource allocation at each periodicity. The reserved resource allocation could be based on average packet size or minimum packet size of XR service with consideration of the system resource utilization. The larger the resource is allocated for CG, the less number of CG users is supported. According to the TR 38.835[2], the enhanced CG transmission for XR-specific traffic could improve the UL system capacity. In the CG enhancement, multiple PUSCH occasions per CG period are pre-configured with the semi-statically configured periodicity not relying on the SR.
The study results of “Study on XR Enhancements for NR” [3] has the conclusion that the XR-specific capacity enhancements would mainly focus on the enhancements of CG PUSCH transmission, including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
The main potential technology points had been summarized in RAN1#112bis-e meeting [4], however some detailed issues need to be further discussed.
In this contribution, we discuss the TDRA determination based on the repetition framework comparing to the alternatives of NR-U framework and single DCI scheduling multiple PUSCHs in Section 2. The determination of the HARQ process ID in a multi-PUSCHs CG configuration is discussed in Section 3. The encoding and multiplexing for the UCI with the unused CG TOs indication in PUSCH is provided in Section 4. The detailed information of UTO-UCI and the detailed procedure of UTO-UCI indication are described in Section 5.
The TDRA determination
Based on the agreements in RAN1#112bis-e [4], three different frameworks would be down selected for the TDRA determination of multi-PUSCHs CG resources. 
	Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue.

Agreement
For CG PUSCHs in a multi-PUSCHs CG configuration, MCS of the CG PUSCHs in the CG configuration are the same between different PUSCH occasions.

Agreement
For CG PUSCHs in a multi-PUSCHs CG configuration, FDRA of the CG PUSCHs in the CG configuration are the same between different PUSCH occasions.



We compare these three frameworks and list the differences in Table 1.
[bookmark: _Ref131752776]Table 1: The differences of the three frameworks for the TDRA 
determination of multi-PUSCHs CG resources
	 
	Alt-A1: TDRA determination based on repetition framework.[6]
	Alt-B: TDRA determination based on NR-U framework[6]
	Alt-C2: TDRA determination based on single DCI scheduling multiple PUSCHs [6]

	The baseline of the TDRA determination framework
	CG transmission
	CG transmission
	Dynamic scheduling transmission

	The SLIV configuration
	The same SLIV in N PUSCH in consecutive slots per CG period

	Single SLIV is determined from TDRA.
•  The SLIV used for 1st PUSCH per CG period.
	Multiple SLIVs for non-consequent PUSCH

	The consecutive slots for PUSCH 
	Consecutive slots
FFS for non-consecutive slots
	Consecutive PUSCH TOs
	Non-consecutive TOs



The main differences proposed among these three methods focus on:
· Whether to use the same or different SLIV for a multi-PUSCHs CG; 
· Whether to use consecutive or non-consecutive slots.
The motivation of the different SLIV for a multi-PUSCHs CG is to have the flexible configuration of different CG PUSCH transmission occasions in a CG period. The XR traffic is characterized with variation in packet size and the inter-arrival time with delay jitter in both DL and UL. The different SLIV values in TDRA determination might not be perfectly adapted to these variables and would increase the gNB and UE processing complexity. Furthermore, the objective of Rel-18 XR WID [3] includes the UCI indication of the unused CG occasions for increasing the resource utilization. Thus, the same SLIV between the different PUSCH occasions in the CG configuration is sufficient for UL XR traffic periodic arrival, i.e. the Alt-A1 and Alt-B can be further considered for XR specific capacity improvements. 
Observation 1: The same SLIV between the different PUSCH occasions in the CG configuration is sufficient for UL XR traffic periodic arrival, i.e. the Alt-A1 and Alt-B can be further considered for XR Specific capacity improvements.
In addition, multi-PUSCHs CG was supported for both Type1 CG and Type2 CG transmission as agreed in RAN1#112[5]. However, Alt-C2 with multi-PUSCHs requires the DCI to provide the set of SLIV values and can only be used for the Type2 CG enhancement with DCI to support the single DCI scheduling multiple PUSCHs.    There is no DCI to active the Type1 CG. Alt-C2 with single DCI scheduling multi-PUSCHs would not support Type1 CG. Alt-A1 and Alt-B can support both Type1 CG and Type 2 CG transmission.
Observation 2: The Alt-C2 with single DCI scheduling multi-PUSCHs can only be used for the Type2 CG enhancement with DCI for CG activation to be enhanced with single DCI scheduling multiple PUSCHs.    Type1 CG has no DCI for CG activation and would not be used by Alt-C2 single DCI scheduling multi-PUSCHs.
Furthermore, the TB mapping to the CG occasion(s) should be specified with the flexibility with consideration of resource allocation and system capacity in the gNB implementation for handling of different XR traffics. When the XR PDU size is larger than the reserved resource of the single CG occasion, UE could either segment the XR packets to multiple TBs or extend the mapping of the packet to the adjacent CG transmission occasions, in which the TBS is determined over the multiple slots. The number of sequent transmission occasions is configured by high layer signaling. Moreover, when the XR PDUs are associated with the same PDU set, the XR PDUs within a PDU set should be mapped to a TB in minimizing the processing delay of segmentation/reassembly at RLC. If the TB mapping to one or more CG occasions is supported in the enhanced CG transmission, a HARQ processing can be associated with a TB mapping to the multiple transmission occasions, which can reduce the budget of the number of HARQ processing. The TB mapping to one or more CG occasions should also be supported in the enhanced CG transmission for the larger XR packet transmission, which has been supported in CG repetition structure.
Above all, the Alt-A1: TDRA determination based on repetition framework should be supported for the SLIV determination, in which N PUSCH occasions in a CG period with the same SLIV can be configured by higher layers or indicated by activation DCI. The consecutive and non-consecutive CG PUSCH occasions would both be supported, which is up to gNB implementation. The time gap between the adjacent CG PUSCH occasions can be configured by higher signaling.
Proposal 1: The Alt-A1: TDRA determination based on repetition framework should be supported for the SLIV determination, in which 
· N PUSCH occasions in a CG period with the same SLIV can be configured by higher layers or indicated by activation DCI;
· The single TB transmission over multiple CG occasions should be supported.
The consecutive and non-consecutive CG PUSCH occasions in a multi-PUSCHs CG configuration should be supported to have the flexibility to adapt to the UL XR traffic arrival with jitter. The consecutive CG PUSCH occasions are configured for multi-PUSCHs CG in a XR packet generation period, UE can transmit the large size XR packet within interval in a timely matter. However, UL XR packet arrival from application layer to MAC/physical layer expects to have jitter. The consecutive CG PUSCH occasions would not adapt to the variation of the XR packet arrival time within a XR packet generation period. When the CG PUSCH occasions are not configured successively in a multi-PUSCHs CG period, UE would have buffer between CG occasions to adapt to the variation of XR traffic arrival from application layer based on the jitter information of UL XR traffic. 
Furthermore, the integer period of CG configuration cannot align with the non-integer XR packet generation period, e.g. 16.67ms for 60FPS.The non-equal period to the nearest integer period, such as 16ms or 17ms, would be chosen in the CG configuration in order to align with XR packet generation period. When the XR traffic is supported in the TDD system, the TDD configuration, such as DDDSU, would result in the unequal number of the UL slots between the CG periods. The multi-PUSCHs CG configuration with the non-consecutive CG PUSCH occasions has the flexibility in resolving the unequal number of UL slots in TDD within a XR packet generation period. Taken an example as shown in Figure 1, the CG period with the multiple times of TDD pattern is considered, e.g. 50ms, which can cover three XR packet frames in each CG period. Three non-consecutive CG PUSCH occasion sets can be configured together as a set of configuration and associated with the different XR packet frames, respectively. The CG occasions in each non-consecutive CG PUSCH occasion sets can be consecutive for the larger XR packet transmission. To determine the first occasions of each non-consecutive CG PUSCH occasion sets, there are two alternatives can be considered as following:
· Alt-1: Multiple offsets configured for the first occasions of the non-consecutive CG PUSCH occasion sets. gNB could configure multiple offsets for the CG PUSCH occasions to determine the start point of each non-consecutive CG PUSCH occasion sets. The K consecutive UL slots from the start point are configured as CG PUSCH occasions, e.g. 4 consecutive UL slots in Figure 1-(a). Multiple offsets can be configured by higher signaling.
· Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions. There is a bitmap with N bits for all of UL slots in a CG period can be configured by high layer signaling based on the TDD configuration, in which the value “1” denotes the configured CG PUSCH occasion and the value “0” denotes no CG PUSCH occasion. For example, there is a bitmap with 20 bits for the 30kHz SCS and “DDDSU” TDD configuration as shown in Figure 1 - (b), in which the value “1111000...1111000..111100...00” denotes the CG PUSCH occasions in a CG period. 
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(a) Alt-1: Multiple offsets configured for the first occasions of
the non-consecutive CG PUSCH occasion sets
[bookmark: _GoBack]
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(b) Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions
[bookmark: _Ref134549458]Figure 1: The multi-PUSCHs CG configuration with the non-consecutive CG PUSCH occasions
Thus, the consecutive and non-consecutive CG PUSCH occasions should both be supported in the specification to allow gNB implementation to allocate the resource of the CG occasions in adaptation to the variation of XR traffic arrivals from application.
Proposal 2: Multi-PUSCHs CG configuration should be supported including:
· The configuration of consecutive and non-consecutive CG PUSCH occasions should both be supported to provide the flexibility of gNB implementation for the adaptation of different XR traffic; 
· There are two alternatives to determine the first occasions of each non-consecutive CG PUSCH occasion sets can be considered as following:
· Alt-1: Multiple offsets configured for the first occasions of the non-consecutive CG PUSCH occasion sets.
· Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions.
[bookmark: _Ref127277262]The determination of the HARQ process ID in a multi-PUSCHs CG configuration
When the multiple PUSCH occasions are configured for XR in a CG period, the determination of HARQ process ID (HPID) of CG PUSCHs would be one critical issue for further discussion. According to the agreements in RAN1#112bis as following [4], assuming one TB per PUSCH, the factors for determining the HARQ process ID for the configured/valid PUSCH in a period, such as X, offset1, offset2 and Y, would be further discussed.
	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.



For the formula to determine the HARQ process ID for the first configured PUSCH, the determination result based on the formula with factor X outside floor operation is not equal to that keep X inside floor operation, when the Offset1 with non-zero value is considered. For example, assuming that the maximum number of HARQ process is 8 and the number of consecutive CG PUSCH occasions is configured as 4 in a CG configuration with 16ms period, the HPIDs of the multiple CG-PUSCHs are identified at the configured CG occasions as shown in Figure 2. In the example, the Offset1 is considered with a value, e.g. 4 slots = 2 ms for 30kHz SCS, equal to the gap of consecutive CG PUSCH occasions, which is based on the TDD pattern “DDDSU” and the Offset2 = 0. According to the Figure 2, the HPID of the first CG PUSCH in the CG period are quite different for the X outside and inside the floor operation in the HPID determination formula. However, when X = 1, the HPIDs in the CG period are the same for the X outside and inside the floor operation in the HPID determination formula. When the Offset1 is with the zero value, the HPIDs in the CG period are the same for the X outside and inside the floor operation in the HPID determination formula.
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(a) [bookmark: OLE_LINK17][bookmark: OLE_LINK18]X is outside the floor operation (X=4)

(b) X is inside the floor operation(X=4)
[bookmark: _Ref134707038]Figure 2: The HPID determination based on X is outside or inside floor operation (Offset2=0)
Observation 3: When the non-zero Offset1 is considered, the HPID of the first CG PUSCH in the CG period are quite different for the X outside and inside the floor operation in the HPID determination formula, except for X=1.
Observation 4: When the Offset1 is with zero value, the HPIDs of the first CG PUSCH in the CG period are the same for the X outside and inside the floor operation in the HPID determination formula.
According to the motivations of the Offset1 and Offset2 introduced in the HPID determination formula, these two offsets is used for resolving the redundant HPID  caused by the UL packet arrival time with jitter and the HPIDs for the unused CG PUSCH occasions. If gNB can predict the packet arrival time and the packet size accurately, these two offsets might be helpful for improving the HPID utilization. However, these two offsets would be based on the RRC configuration, which will increase complexity for gNB implementation. Thus, the Offset1 and Offset2 would be with zero value for simplification.
Observation 5: The Offset1 and Offset2 based on the RRC configuration would not helpful for improving the HPID utilization in the multi-PUSCHs CG configuration.
Based on the analysis aforementioned, 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
In above formulas, X can be either in outside or inside floor operation when Offset1 and Offset2 with zero value.
For the HPIDs of the remaining PUSCHs in the period, they are determined by incrementing the HARQ process ID of the preceding PUSCH in the period in legacy procedure. When the configured number of multi-PUSCH occasions is larger than the maximum number of the HARQ process would be an issue ass shown in Figure 3. Assuming that the maximum number of HARQ process is 8 and the configured multiple CG PUSCH occasions in an XR packet period is 10, the HPIDs of the multiple CG-PUSCHs are identified at each UL slots. From Figure 3, the HPID of the last PUSCH in the previous XR packet cycle is near the slot that of the first CG-PUSCH at the next XR packet cycle, 
[image: ]
[bookmark: _Ref131530701]Figure 3: The HPID determination for the remaining PUSCHs 
in the period as the legacy procedure
In order to resolve the problem of the same HARQ processing ID folding over colliding with the beginning of HARQ processing ID of next XR packets,  the HPID of the multiple CG-PUSCHs in a XR packet period should be enhanced. The HPID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with a value larger than 1, e.g. 2, which can be configured by RRC. The HPID enhancement is that, the reserved HPIDs in the adjacent CG periods can be different among adjacent XR packet periods, e.g. the odd HPID set for one XR packet period and even HPID set for the next XR packet period. The enhanced HPID determination method is shown in Figure 4.
[bookmark: _Ref131531318][image: ]
[bookmark: _Ref134723843]Figure 4: The HPID determination for the remaining PUSCHs 
in the period as the enhanced procedure
Furthermore, if one TB mapping to more than one CG PUSCH occasions with one HPID, the number of reserved HPID in a XR packet period could be reduced. Since the single TB transmission over more than one CG-PUSCH occasions had supported in the CG repetition transmission. The multiple CG-PUSCH occasions in a XR packet period can be further studied based on the repetition framework. For instance, the packets belonging to the same PDU set with small packet size could be multiplexed as a single TB and mapped to over the multiple CG occasions to increase the channel coding gain. The adjacent CG occasions could be used for transmitting a single TB in order to reduce the HARQ process ID in a XR packet period.
Proposal 3: The following HPID determination method for one TB per PUSCH could be supported:
· 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,
where X can be outside floor operation when Offset1 and Offset2 are with zero value.
· Confirm the 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. Y is determined based on RRC.
· In the formulas above, X is equal to the number of configured PUSCHs in the CG period.
· In the formulas above, Offset1 and Offset2 should be a zero value. 
Proposal 4: The single TB transmission mapping to one or more CG occasions could reduce the number of HARQ process ID and should be further studied based on the repetition framework.
The encoding and multiplexing for UCI with the unused CG TOs indication in PUSCH
It was agreed in RAN1#112 [5] and RAN1#112bis-e [4] that the physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH and the UCI is defined as a “new UCI”, which is denoted as “UTO-UCI”.
	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, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” 
· 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
· 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.



Based on the procedure of the UCI reporting in PUSCH, the multiplexing control information including HARQ-ACK, CSI part 1, CSI part 2 and CG-UCI can be multiplexed with the coded bits for UL-SCH as in Figure 5. As shown in Figure 5, each control information has its beta-offset value for determining the number of resources in a PUSCH. In the existing procedure, the CG-UCI is jointly coded with HARQ-ACK or separately coded when there is not HARQ-ACK. The RE allocation is the same as that of the HARQ-ACK information bits with more than 2 bits. 
[image: ]
[bookmark: _Ref134728076]Figure 5: The UCI multiplexing in PUSCH
When cg-RetransmissionTimer is not configured, if the UTO-UCI is jointly encoded with HARQ-ACK and the PHY priority is equal to that of HARQ-ACK, the UTO-UCI could be cascaded with HARQ-ACK information bits. Similar to the CG-UCI, the UCI bit sequence can be determined as O= OUTO-UCI + OHARQ, where OUTO-UCI is number of UTO-UCI bits and OHARQ is number of HARQ-ACK bits. 
When cg-RetransmissionTimer is not configured, if the UTO-UCI is not jointly encoded with HARQ-ACK and the PHY priority is different from that of HARQ-ACK, there would be some cases to be considered as following:
· If there are both the UTO-UCI associated with high priority index 1 and HARQ-ACK associated with high priority index 0, the UCI bit sequence can be determined as O= OUTO-UCI., where OUTO-UCI is number of UTO-UCI bits. The HARQ-ACK
· If there are both the UTO-UCI associated with high priority index 0 and HARQ-ACK associated with high priority index 1, the UCI bit sequence can be determined as O= OHARQ-HP, where OHARQ-HP is number of HARQ-ACK bits associated with priority index 1. 
Proposal 5: When cg-RetransmissionTimer is not configured, the UTO-UCI could be multiplexed in PUSCH as following:
· If the UTO-UCI is jointly encoded with HARQ-ACK and the PHY priority is equal, the sequence generation order for UTO-UCI is similar as CG-UCI, i.e. O= OUTO-UCI + OHARQ.
· If the UTO-UCI is not jointly encoded with HARQ-ACK and the PHY priority is different from that of HARQ-ACK, there would be some cases to be considered as following:
· If there are both the UTO-UCI associated with high priority index 1 and HARQ-ACK associated with high priority index 0, the UCI bit sequence can be determined as O= OUTO-UCI., where OUTO-UCI is number of UTO-UCI bits. The HARQ-ACK
· If there are both the UTO-UCI associated with high priority index 0 and HARQ-ACK associated with high priority index 1, the UCI bit sequence can be determined as O= OHARQ-HP, where OHARQ-HP is number of HARQ-ACK bits associated with priority index 1. 
The information in UTO-UCI
According to the agreements in RAN1#112bis-e [4], the information in UTO-UCI had been defined as the “unused” CG PUSCH occasions and the UTO-UCI is transmitted in every CG PUSCH occasion. However, the detailed information in the UTO-UCI needs to be further discussed, such as the details of bitmap indication in the UTO-UCI.
	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
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



As description in Section 2, the non-consecutive and consecutive CG PUSCH occasions in a CG period are configured for a CG configuration. Considered that the unused CG TOs can be indicated clearly for the consecutive and the non-consecutive TOs in the time domain, the bitmap indication for the utilization of each transmission occasion within a time duration could be supported as shown in Figure 6-(a) and Figure 6-(b).
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(a) The UCI is used to indicate each CG PUSCH within a CG period

[image: ]
(b) The UCI is used to indicate each CG PUSCH within a time duration
[bookmark: _Ref127285379]Figure 6: The bitmap indication carried in UCI
In Figure 6-(a), the UTO-UCI is always transmitted in a transmitted CG PUSCH. The size of information field in the UCI is N bits associated with the number of CG occasions within a CG period. A “1” value for a bit in UCI indicates a used occasion and a “0” value for a bit indicates an unused occasion. In the CG period, non-consecutive CG PUSCH occasion sets are configured to adapt the several XR frames arrival time, e.g. 50ms to adapt 3 XR frames. When the CG periodicity is aligned with times of the periodicity of the XR traffic with offset for MAC/physical layer processing IDs, the indication could be used to indicate the CG occasion utilization in a CG period, e.g. the indication is sent at the beginning of a CG period since the MAC/physical layer would receive the XR packet from application layer at the UE in advance in preparation of CG-PUSCH transmission. When the packet arrives before the unused CG occasion, the indication in UCI can update the utilization state of CG occasions based on the actual transmission. 
In the Figure 6-(b), the UTO-UCI is always transmitted in a transmitted CG PUSCH. The size of information field in the UCI is N bits associated with the number of CG occasions within a time duration, where the time duration can be configured by RRC, such as the duration of a frame period, i.e. 16.67ms. Similar to the indication shown in Figure 6-(a), a “1” value for a bit in UCI indicates a used occasion and a “0” value for a bit indicates an unused occasion. In this case, the overhead of the UTO-UCI multiplexing with PUSCH can be reduced to obtain more resource to transmit the UL data. 
The procedure of the UCI reported is provided as following:
· When the packet is not arrived before the first CG occasions due to the delay jitter, the UCI is not transmitted on PUSCH and does not need to be detected. gNB would continue to detect the CG PUSCH until the first CG-PUSCH, assuming that the CG periodicity is aligned with the times of the periodicity of the XR traffic with offset for MAC/physical layer process, such as the CG period is 50ms.
· When the UL packet arrives before a CG period, UE would send the UTO-UCI at each CG PUSCH occasion based on the buffer state at the every CG PUSCH occasion within the certain time duration, e.g. a CG period. Considering the non-consecutive CG PUSCH occasion sets are configured, UE would only indicate the utilization of the first CG PUSCH occasion set and the remaining CG PUSCH occasion would keep the default value “1”. 
· For indication in Figure 6-(a), the UCI multiplexing in each CG PUSCH is used to indicate the utilization of CG occasion within a CG period, such as the bitmap of these CG occasion with value “1” for used occasion or value “0” for unused occasion. The information in UTO-UCI of the first CG PUSCH occasion set is 1110 1111 1111, as shown in Figure 6-(a).
· For indication in Figure 6-(b), the UCI multiplexing in each CG PUSCH is used to indicate the utilization of CG occasion within a time duration, such as the duration of a XR frame period, i.e. 16.67ms. The bitmap of these CG occasion with value “1” for used occasion or value “0” for unused occasion. The information in UTO-UCI of the first CG PUSCH occasion set is 1110, as shown in Figure 6-(b).
· When the second XR packet arrives at the following CG occasions, such as the second CG PUSCH occasion set, UE would transmit the UTO-UCI to update the utilization of remaining CG occasions within a CG period. Similarly, the UTO-UCI is only to update the second CG PUSCH occasion set, which is with the value 1110 1100 1111 in Figure 6-(a), while with the value 1100 in Figure 6-(b). And so on.
Proposal 6: Either of following alternatives could be supported:
· Alt-1: A UCI transmitted in every CG PUSCH occasion provides a bitmap, where a bit corresponds to a CG PUSCH occasion within a CG period. 
· Alt-2: A UCI transmitted in every CG PUSCH occasion provides a bitmap, where a bit corresponds to a CG PUSCH occasion within a time duration. The time duration can be configured by RRC, such as the duration of a frame period, i.e. 16.67ms.
Conclusion
In this contribution, we discuss the CG enhancement scheme for XR-specific traffic and have the following observations and proposals.
Observation 1: The same SLIV between the different PUSCH occasions in the CG configuration is sufficient for UL XR traffic periodic arrival, i.e. the Alt-A1 and Alt-B can be further considered for XR Specific capacity improvements.
Observation 2: The Alt-C2 with single DCI scheduling multi-PUSCHs can only be used for the Type 2 CG enhancement with DCI for CG activation to be enhanced with single DCI scheduling multiple PUSCHs.    Type 1 CG has no DCI for CG activation and would not be used by Alt-C2 single DCI scheduling multi-PUSCHs.
Observation 3: When the non-zero Offset1 is considered, the HPID of the first CG PUSCH in the CG period are quite different for the X outside and inside the floor operation in the HPID determination formula, except for X=1.
Observation 4: When the Offset1 is with zero value, the HPIDs of the first CG PUSCH in the CG period are the same for the X outside and inside the floor operation in the HPID determination formula.
Observation 5: The Offset1 and Offset2 based on the RRC configuration would not helpful for improving the HPID utilization in the multi-PUSCHs CG configuration.
Proposal 1: The Alt-A1: TDRA determination based on repetition framework should be supported for the SLIV determination, in which 
· N PUSCH occasions in a CG period with the same SLIV can be configured by higher layers or indicated by activation DCI;
· The single TB transmission over multiple CG occasions should be supported.
Proposal 2: Multi-PUSCHs CG configuration should be supported including:
· The configuration of consecutive and non-consecutive CG PUSCH occasions should both be supported to provide  the flexibility of gNB implementation for the adaptation of different XR traffic; 
· There are two alternatives to determine the first occasions of each non-consecutive CG PUSCH occasion sets can be considered as following:
· Alt-1: Multiple offsets configured for the first occasions of the non-consecutive CG PUSCH occasion sets.
· Alt-2: The bitmap configured for the non-consecutive CG PUSCH occasions.
Proposal 3: The following HPID determination method for one TB per PUSCH could be supported:
· 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
where X can be outside floor operation when Offset1 and Offset2 are with zero value.
· Confirm the 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. Y is determined based on RRC.
· In the formulas above, X is equal to the number of configured PUSCHs in the CG period.
· In the formulas above, Offset1 and Offset2 should be a zero value. 
Proposal 4: The single TB transmission mapping to one or more CG occasions could reduce the number of HARQ process ID and should be further studied based on the repetition framework.
Proposal 5: When cg-RetransmissionTimer is not configured, the UTO-UCI could be multiplexed in PUSCH as following:
· If the UTO-UCI is jointly encoded with HARQ-ACK and the PHY priority is equal, the sequence generation order for UTO-UCI is similar as CG-UCI, i.e. O= OUTO-UCI + OHARQ.
· If the UTO-UCI is not jointly encoded with HARQ-ACK and the PHY priority is different from that of HARQ-ACK, there would be some cases to be considered as following:
· If there are both the UTO-UCI associated with high priority index 1 and HARQ-ACK associated with high priority index 0, the UCI bit sequence can be determined as O= OUTO-UCI., where OUTO-UCI is number of UTO-UCI bits. The HARQ-ACK
· If there are both the UTO-UCI associated with high priority index 0 and HARQ-ACK associated with high priority index 1, the UCI bit sequence can be determined as O= OHARQ-HP, where OHARQ-HP is number of HARQ-ACK bits associated with priority index 1. 
Proposal 6: Either of following alternatives could be supported:
· Alt-1: A UCI transmitted in every CG PUSCH occasion provides a bitmap, where a bit corresponds to a CG PUSCH occasion within a CG period. 
· Alt-2: A UCI transmitted in every CG PUSCH occasion provides a bitmap, where a bit corresponds to a CG PUSCH occasion within a time duration. The time duration can be configured by RRC, such as the duration of a frame period, i.e. 16.67ms.
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