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[bookmark: _Ref68628695]Introduction
In RAN1 #112, several agreements were made for the two techniques to be specified in Rel-18 XR WI including the multi-PUSCH CG period and the UCI indicating unused CG PUSCH occasion [1].
	Multi-PUSCH CG period
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 the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.

Conclusion
RAN1 discusses to decide how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.

Agreement
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, consider the following alternatives:
· Alt. 1:  The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying "the period duration divided by X instead of the period duration.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.
· Alt 1-1; X = 1
· Alt 1-2: X is the number of configured PUSCHs in a period
· Alt 1-3: X is provided by RRC configuration.
· FFS details
· Alt. 2: Support that UE can decide, as in NR-U, the HARQ IDs for the multiple CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· FFS details	
· Alt. 3: The HARQ process ID for the configured PUSCHs in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· FFS on potential enhancements different from previous alternatives
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· FFS details
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· FFS details
· Alt. 4:  The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS on potential enhancements different from previous alternatives
· Alt 5: Support that UE can decide, as in NR-U, the HARQ IDs for the first CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS details
· Alt 6: FFS other solutions
Note: The case of one TB map to multiple PUSCHs is not considered here.

R1-2301901	Moderator Summary#2 - XR Specific Capacity Improvements	Moderator (Ericsson)

UCI indicating unused CG PUSCH occasion(s)
Agreement
The physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.

Agreement
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details

Agreement
Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details

R1-2301902	Moderator Summary#3 - XR Specific Capacity Improvements	Moderator (Ericsson)

Agreement
For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.

Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
· Other options are not precluded. Proponent companies to provide details. 




In this paper, we will further discuss designs for the two techniques. 
[bookmark: _Ref126485173]Multiple PUSCH Occasions in CG Period
Determination of TDRA  
In RAN1 #112 ([1]), three alternatives were discussed for the determination of TDRA for multiple PUSCHs in the CG period as follows
· Alt-A: TDRA determination is based on repetition framework
· Alt-B: TDRA determination is based on NR-U framework 
· Alt-C: TDRA determination is based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
A main debating point is whether only consecutive PUSCHs in the CG period are supported. There was a similar discussion for the Rel-17 single DCI scheduling multiple PUSCHs. Alt-A, B and C1 enable consecutive PUSCH occasions when using the baseline feature assumption. Design for these alternatives may be extended to support non-consecutive PUSCH occasions, but at the expense of increased specification effort. On the contrary, Alt-C2 can support both consecutive and non-consecutive PUSCH occasions by the TDRA table configuration using the baseline feature assumption. It will be beneficial to network scheduling if the restriction of consecutive PUSCH occasions in the CG period is relaxed. For example, gNB multiplexes UL scheduling opportunities for multiple users or for different types of traffics (e.g., eMBB, URLLC) in time domain. Figure 1 shows an example of this design.
[bookmark: _Hlk126420390][bookmark: p1]Proposal 1: Support Alt-C2 for the determination of TDRA for multiple PUSCH occasions in the CG period
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs

[image: ] 
[bookmark: _Ref126419403]Figure 1: Inconsecutive PUSCHs in the CG period

In the Rel-17 single DCI scheduling multiple PUSCHs feature, the number of scheduled PUSCHs is determined by the number of {K2, SLIV} combinations of the TDRA table entry indicated by the TDRA field of the scheduling DCI. K2 values can be non-consecutive and SLIVs can be different for the scheduled PUSCHs. For Type 1 CG, this information can be provided in the RRC configuration for the CG. For Type 2 CG, it can be provided by the activation DCI when the CG is activated. 
[bookmark: p2]Proposal 2: TDRA for multiple PUSCHs in the CG period can be indicated in a similar way to that of multiple PUSCHs scheduled by a single DCI specified for Rel-17
· timeDomainAllocation field in the rrc-ConfiguredUplinkGrant IE in the CG configuration indicates an entry with multiple {K2, SLIV}s of the TDRA table 
[image: A picture containing timeline
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Figure 2: CG configuration

FDRA and MCS
In RAN1 #112, there was a discussion on whether same or different parameters are provided for FDRA or MCS for the multiple PUSCHs in the CG period. Different FDRA or MCS parameter values for multiple PUSCHs allow for more scheduling flexibility. For example, a lower MCS or a larger number of RBs in the FDRA for the last PUSCH allows for delay dependent scheduling so that the last TB can be more robustly decoded by the gNB. Besides, when different FDRAs are configured for overlapping CG PUSCH occasions in the same slot, the UE can choose a FDRA that fits the remaining buffered UL data size. For overlapping CG PUSCH occasions, please also refer to discussions in Section 3.3.
[bookmark: _Hlk126422874][bookmark: p3]Proposal 3: Support different MCS and FDRA parameter values for multiple PUSCH occasions in the CG period

HARQ ID Determination  
In RAN1 #112, it was agreed that RAN1 will discuss HARQ ID determination for multiple PUSCHs in the CG period. This decision was made based on the argument that HARQ ID determination and other PHY designs for the multi-PUSCH CG period are closely dependent. 
Existing CG HARQ ID formula does not work directly as all PUSCHs in the CG period will have the same HARQ ID. The NR-U design that UE indicates HARQ ID for each CG PUSCH also seems unnecessary as the UE and the gNB are in sync for the licenced operation. Among all the alternative solutions captured in the RAN1 #112 agreement, we think Alt 1-2 has the most efficient usage of configured HARQ IDs and good flexibility for network to manage the HARQ processes. In comparison to Alt 1-1, Alt 1-2 can avoid repeatedly using the same HARQ IDs between two consecutive CG periods. This is beneficial as the gNB may need to use dynamic grant to schedule a retransmission of the PUSCH in the next CG period. 
Similar to the Rel-17 single DCI scheduling multiple PUSCHs, the HARQ ID determination may only apply to the valid PUSCH that does not collide with any semi-static DL symbol including the cell-specific and UE-specific semi-static DL symbol, or the cell-specific and UE-specific flexible symbol where SSB or Search Space #0 is configured. Skipping HARQ ID increment over the semi-static DL symbol avoids over-dimensioning of HARQ ID pool and enables simple maintenance of HARQ IDs. To avoid misalignment between UE and gNB, PUSCH skipping due to dynamic signaling or transmission is not considered for determining valid PUSCHs.



Figure 3: HARQ ID determination for Alt 1-1 (X = 1) and Alt 1-2 (X = number of PUSCHs in CG period)

[bookmark: p4]Proposal 4: Support Alt 1-2 for HARQ Process ID determination for multiple PUSCH occasions in the CG period
· HARQ process ID for the first valid PUSCH in a CG period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured
· Apply “the CG period duration divided by X = the number of configured PUSCH occasions in a CG period” instead of the CG period duration

Other Discussions  
The following proposals were discussed in RAN1 #112 without conclusions [3].
	Proposal 1-5-1:
Support re-transmission of multiple TBs for corresponding initial TBs transmission with configured grants by a dynamic UL grant.

Proposal 1-5-2:
Support CBG retransmission based via dynamic grant for multiple CG PUSCHs 

Proposal 1-5-3:
Select one of the following alternatives:
· Alt. 1: PUSCH repetition is not supported for a multi-PUSCHs CG configuration, if the MultiPUSCH TDRA table is used for time domain resource allocation of multi-PUSCHs CG.  
· Alt 2: PUSCH repetition is supported for multi-PUSCHs CG configuration.

Proposal 1-5-4:
Relax the limitation for validation of CG PUSCH activation DCI, if the TDRA field in the activation DCI indicates multiple SLIVs.



In general, we think all the proposed enhancements in Proposal 1-5-1/2/3/4 are beneficial. Proposal 1-5-4 is closely related to the TDRA determination and hence can be discussed together. Design details of the activation DCI for the multi-PUSCH CG configuration can be discussed after RAN1 agrees on the details of the multi-PUSCH CG design (i.e., TDRA determination, different or same FDRA and MCS). Proposals 1-5-1/2/3 can be discussed if time permits after the critical aspects, i.e., TDRA and HARQ ID.
[bookmark: p5]Proposal 5: Support the following proposals. Discuss them in the following order of importance
· Support activation DCI for multi-PUSCH CG configuration
· Support retransmission of TBs for multiple CG PUSCHs by a dynamic UL grant
· Support PUSCH repetition for multi-PUSCH CG
· Support CBG based retransmission for multiple CG PUSCHs by a dynamic UL grant

Indication of Unused CG PUSCH Occasion(s)
The XR UL video frame has a variable size which may occupy one or multiple allocated PUSCHs in the CG period Error! Reference source not found.. The UCI indicating unused PUSCH occasions can help the gNB reallocate the unused PUSCH resources for the same UE or other UEs’ DL and UL transmission. When the UE is allowed to select the PUSCH resource among configured resources that fits its UL data size best, the UE also saves power that otherwise is used to transmit excessive padding bits. In addition, the UCI saves gNB’s power in blindly detecting potential PUSCH transmission on the unused PUSCH occasions. 
[bookmark: o1]Observation 1: The UCI indicating unused CG PUSCH occasion(s) is beneficial because
· gNB can reallocate resources of the unused PUSCH occasion to other UEs
· UE can save power by selecting a proper amount of resources for PUSCH transmission
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion 

UCI Signaling for Unused CG PUSCH Occasion(s)
Three alternatives were discussed in RAN1 #112 for the signaling design of the UCI indicating unused CG PUSCH occasion(s)
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
RAN1 has already agreed that encoding and multiplexing for the UCI follows the design for the CG-UCI. Then, it is convenient to add the indication of UCI indicating unused CG PUSCH occasion(s) as additional field in the CG-UCI when the UE is configured to transmit the CG-UCI. Otherwise, a new UCI should be transmitted for the indication of unused CG PUSCH occasion(s).
[bookmark: p6]Proposal 6: For the UCI that provides information of unused CG PUSCH transmission occasion(s)
· When the UE is configured to transmit the CG-UCI, the UCI is added as new field(s) into the CG-UCI
· Otherwise, it is transmitted in a new UCI

[bookmark: _Ref131670161]Transmission Occasions of the UCI
In RAN1 #112, the following four options were discussed for transmission occasions of the UCI indicating unused CG PUSCH occasion(s)
· Option 1: A transmitted CG PUSCH, includes the UCI.
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
It is understood that the UCI should be transmitted as early as possible so that the gNB can use the UCI to skip PUSCH detection and reallocate the UL resources for the unused PUSCH occasions. Given the small size of the UCI, signaling overhead may not be an issue when the UCI is always included in a transmitted CG PUSCH for Option 1. For Options 2, 3 and 4, if the determined or configured CG PUSCH is not transmitted, e.g., due to collision with SSB, the UCI will not be transmitted too. Option 1 ensures that UCI will be always transmitted as long as the PUSCH is transmitted on any CG PUSCH occasion. Option 1 has the additional benefit that it allows the UE to update the UCI, e.g., to indicate more PUSCH occasions are unused if the UE is more certain that no new data will be generated from its application later.
[bookmark: p7]Proposal 7: For transmission occasions of the UCI indicating unused CG PUSCH occasion(s)
· Support Option 1: A transmitted CG PUSCH includes the UCI
· FFS: The first transmitted PUSCH over CG PUSCH occasions indicated by the same UCI includes the UCI

 
Figure 4: Transmission occasions for the UCI

[bookmark: _Ref131664877]Overlapping PUSCH Occasions
Because the allocated PUSCH occasions in the CG period are not necessarily always used, they can be either non-overlapping or overlapping in time. It can be more resource efficient if the allocated PUSCH occasions are allowed to be overlapping especially if PUSCHs of multiple CG configurations with different resource allocation overlap in time. Then the UE can use the agreed indication of unused PUSCH occasion(s) to select the one among the overlapping PUSCH occasions that best fits the size of buffered data and set the other ones as unused. The UE may choose one of the grants with minimal resource allocation to transmit its data with least unnecessary padding. This can provide UE power saving gains as the UE does not need to zero pad to the largest size of CG PUSCH occasion if the buffered data requires only fewer resource blocks RBs. Indication of which of the overlapping CG PUSCH occasions skipped or utilized is also useful for gNB implementation since currently a UE can be granted multiple overlapping CG PUSCH occasions but the gNB has to blind detect to figure out which of the CG PUSCH occasions have been utilized by the UE for UL transmission.
[bookmark: o2]Observation 2: It is possible to configure the UE with multiple overlapping CG PUSCH occasions in current specs but the gNB has to blind detect the PUSCH
[bookmark: o3]Observation 3: Indication of unused CG PUSCH occasion(s) of multiple overlapping PUSCH occasions is useful for UE power savings and for reducing blind decoding at gNB (network energy savings)
[bookmark: p8]Proposal 8: For multiple overlapping PUSCH occasions, a UE is allowed to utilize the CG PUSCH occasion with the smallest RB allocation that best fits the size of its buffered data
[bookmark: o4]Observation 4: For the dynamic indication of the unused CG PUSCH occasion(s) among a set of PUSCH occasions, the CG PUSCH occasions can be overlapping in time. The overlapping PUSCH occasions allow for higher resource efficiency
[bookmark: p9]Proposal 9: For the dynamic indication of unused CG PUSCH occasion(s), RAN1 should consider the case that multiple PUSCH occasions overlap in time. The UE indicates at most one of the overlapping PUSCH occasions is not unused
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Figure 5: UE can indicate a PUSCH occasion of multiple overlapping PUSCH occasions is used

Overlapping PUSCH occasions can be configured by two different CG configurations, e.g., with the same SLIV and different FDRA (see Figure 6 (a)). Overlapping PUSCH occasions may also be configured from the same CG configuration, e.g., with different SLIV and same FDRA (see Figure 6 (b)).



(a) Overlapping PUSCH occasions between different CG configurations


(b) Overlapping PUSCH occasions of the same CG configuration
[bookmark: _Ref131669141]Figure 6: Overlapping PUSCH occasions in same or different CG configurations


Indication of PUSCH Occasions
In RAN1 # 112, the following options were identified for information of CG PUSCH occasions provided by the UCI. The other options are not precluded:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
Option 2 allows for both consecutive and non-consecutive PUSCH occasions to be indicated by the UCI and hence is more flexibile than Option 1. Option 2-1 provides better resource granularity than Option 2-1 and the UCI signaling saving of Option 2-1 is negligible (also see discussions in Section 3.2). Based on these, we prefer to have Option 2-1 as the indication of CG PUSCH occasions.
[bookmark: p10]Proposal 10: Support Option 2-1 that the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused” (consecutive/non-consecutive in time domain)

Timeline Requirements
This section discusses the following topic and corresponding proposal discussed in RAN1 #112 [3].
	Topic 1) Timeline requirements for indication of unused CG PUSCH
Proposal 2-5-1:
· Further study whether/how to apply timeline requirements for indication of unused CG PUSCH TOs.



In the last RAN1 meeting, some companies discussed whether timeline requirements for indication of unused CG PUSCH needs to be specified. More precisely, the timeline between the indication and the unused CG PUSCH transmission occasion(s). In our views such an explicit timeline requirement is not necessary and if the gNB does not receive the indication early enough it can always do blind detection of PUSCH. The explicit timeline requires spec changes and UE implementation complicated. Moreover, if such a timeline is introduced then further spec discussions are needed when it comes to Rel-15 legacy UL skipping. With UL skipping, a UE can skip CG PUSCH and the gNB can detect whether the CG PUSCH is skipped or not. By introducing a timeline this legacy understanding may be affected. That is, whether the UE can still skip the CG PUSCH if it cannot indicate the skipping based on a required gNB timeline. In our views, it’s up to UE implementation on how soon it can indicate the skipping indication from a unused PUSCH. If it happens that the indication can be transmitted at a time where gNB can use this side information just in time to allocate to other UEs, then gNB can schedule UEs on skipped PUSCHs. Otherwise, UE can still skip the CG PUSCH for its own power savings.
[bookmark: o5]Observation 5: If the gNB does not receive the indication of unused CG PUSCH occasion(s) early enough it can always do blind detection of PUSCH. The explicit timeline makes the spec and UE implementation complicated.
[bookmark: p11]Proposal 11: An explicit timeline between the indication and the indicated unused CG PUSCH occasion(s) is not needed for the UE to transmit the indication

CG PUSCH Skipping
This section discusses the following topic and corresponding proposal discussed in RAN1 #112 [3].
	Topic 2) Interaction with CG PUSCH skipping 



In the NR specification, the UE is required to skip a CG PUSCH if it collides with
· Semi-static configuration including 
· DL symbol in semi-static TDD UL-DL configuration (tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated)
· SSB symbol(s) indicated by ssb-PositionsInBurst
· Symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set 
· Crosslink interference measurement resource
· Dynamic indication or transmission including
· DL reception scheduled by dynamic grant
· DL or flexible symbol indicated by SFI DCI 
· CG PUSCH follows in semi-static flexible symbols and UE did not receive a SFI DCI indicating format for the slot containing the symbols
· UL cancellation indication
· Other higher priority UL transmission
The multi-PUSCH CG configuration can be considered as an equivalent design to multiple active legacy CG configurations with shared parameters across these CG configurations. For this, a new CG PUSCH skipping rule does not seem necessary for the multi-PUSCH CG configuration. Whether a not “unused” CG PUSCH occasion has transmitted PUSCH may just follow existing CG PUSCH skipping rules. 
[bookmark: p12]Proposal 12: For a CG PUSCH occasion of the multi-PUSCH CG configuration that is indicated as NOT “unused”, the UE follows existing CG PUSCH skipping rule when there is a collision between the CG PUSCH occasion and other higher priority resource or operation such as semi-static DL symbol, DG scheduled DL symbol, SFI DL or flexible symbol, etc.
The proposal above applies to the scenario that the UE has buffered UL data but the next CG PUSCH occasion collides with a higher priority operation. If the UE has no data to transmit over a CG PUSCH occasion, existing NR specification requires the UE to skip the CG PUSCH occasion without transmitting a dummy PUSCH. This belongs to RAN2’s scope but there seems no need to change existing UE behaviour either.

Indication of Multiple CG Configurations
This section discusses the following topic and corresponding proposal discussed in RAN1 #112 [3].
	Topic 3) Applicability to multiple CG configurations
Proposal 2-5-2:
· Further study whether/how to apply indication of unused CG PUSCH TOs to multiple CG configurations.
· Note: the baseline is that the indication of unused CG PUSCH TOs is applicable to single CG configuration and for CG PUSCH TOs associated to that CG configuration.



It is beneficial that the UCI can indicate unused CG PUSCH occasion(s) across multiple CG configurations, on both TRPs when multi-TRP is configured and across multiple CCs if UL CA is configured. This allows for lower signaling overhead and earlier indication of unused PUSCH occasion(s) when the UCI is included in the first transmitted CG PUSCH over CG PUSCH occasions across CG configurations, TRPs or CCs. 
[bookmark: p13]Proposal 13: Support a single UCI to jointly provide information of CG PUSCH occasions belonging to different CG configurations, TRPs, or CCs



Figure 7: Joint indication for PUSCH occasions over different CG configurations and CCs

Override Previously “Unused” Indication
This section discusses the following topic and corresponding proposal discussed in RAN1 #112 [3].
	Topic 6) Override previously indication as “unused” for a CG PUSCH TO
Proposal 2-5-4:
· Further study whether/how to override previously indication as “unused” for a CG PUSCH TO



This discussion depends on how early the UE can predict where and how much application data is to be delivered in its UL. It is reasonable to assume that the UE will not always guarantee to predict when the UL data is ready as this highly depends on the implementation of the UE and the application. Once the UE sends an indication of unused PUSCH occasion(s), it may send another indication with updated/different indication for the same set of PUSCH occasions due to the traffic change. This may happen if the application layer generates additional data that requires more PUSCH occasions to be used or if the UE provides conservative (i.e., PUSCH occasions are not indicated to be unused if it is not clear whether more UL data will be generated) indication at the beginning.
This also depends on the UE’s CG PUSCH skipping behavior when there is no UL data to transmit. If the UE behavior is unchanged, it should skip the CG PUSCH occasion if there is no data to transmit. Then it will be beneficial for the UE to indicate a switch from “not unused” to “unused” for the CG PUSCH occasion. But it can be complicated for the case that the UE to indicate a switch from “unused” to “not unused” for the CG PUSCH occasion as the gNB may have reallocated the resource to other UEs already.
[bookmark: p14]Proposal 14: UE can send updated indication to indicate a different set of unused PUSCH occasions than those indicated by an early indication. gNB uses the most recent indication received from the UE
· Support the case that a CG PUSCH occasion previously indicated as NOT unused is later indicated as unused
· Do not support the case that the CG PUSCH occasion previously indicated as unused is later indicated as NOT unused

Explicit Indication of “Used” CG PUSCH TOs
This section discusses the following topic and corresponding proposals discussed in RAN1 #112 [3].
	Topic 7) Explicit indication of “used” CG PUSCH TOs.
Proposal 2-5-4:
· Further study whether/how to apply indication of “used” CG PUSCH TOs in addition to indication of “unused” CG PUSCH TOs.
Proposed conclusion 2-1-2:
· When a CG PUSCH transmission occasion is indicated as “unused”, the UE is expected not to transmit anything on that PUSCH. For any other CG PUSCH transmission occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit on that CG PUSCH transmission occasion, when applicable.



NR specification requires a UE to skip the allocated CG PUSCH resource if UE has no UL data to transmit. For the indication of unused PUSCH occasion(s), the UE may not always know whether data will be available for a future PUSCH occasion when it sends the indication to gNB. The UE may want to reserve all the future PUSCH occasions if it does not know whether there is new UL data to transmit. This is aligned with existing UE behaviour for the CG PUSCH and it implies that even if a UE does not indicate a PUSCH occasion as unused, it may not transmit PUSCH on the PUSCH occasion. 
[bookmark: p15]Proposal 15: Do not support the explicit indication of “used” CG PUSCH occasion(s)

Indication of TBoMS
This section discusses the following topic and corresponding proposal discussed in RAN1 #112 [3].
	Topic 4) Applicability to single TB transmission across multiple CG PUSCHs
Proposal 2-5-3:
· Further study whether/how to apply indication of unused CG PUSCH TOs for a CG configuration when a TB is mapped to multiple CG PUSCHs.
· Note: the baseline is that the indication of unused CG PUSCH TOs is applicable to CG configuration that a TB is mapped to single CG PUSCH.



UL coverage enhancements can be useful for AR traffic on the cell edge. For that, we that TBoMS for multi-PUSCH occasion and corresponding indication of unused PUSCH occasion(s) can be supported.
[bookmark: p16]Proposal 16: Support the indication of unused CG PUSCH occasion(s) when TBoMS is configured for the multi-PUSCH CG configuration
· Each CG PUSCH occasion contains the multiple slots for the same TB

UCI Multiplexing on PUSCH
Another aspect to consider is the case where a UCI (e.g. HARQ-ACK) is supposed to be multiplexed and sent on the PUSCH. In the current NR design: 
· Licensed operation
· If there is PUSCH data: UCI information is multiplexed with PUSCH
· If there is no PUSCH data: drop PUSCH and transmit on PUCCH
· Unlicensed operation 
· With configuration: multiplex CGI-UCI and HARQ-ACK on PUSCH 
· Without Configuration: drop PUSCH and transmit on PUCCH
In the case where the UE is requesting to skip a CG PUSCH where a UCI was supposed to be multiplexed, there are two alternatives:
Alternative 1: Transmit UCI on PUCCH and drop PUSCH
In this alternative, after the UE sends the CG PUSCH skip indicator, it sends the UCI (e.g. HARQ-ACK) on PUCCH. In case the gNB successfully receives the CG PUSCH skip indicator, there is no issue. However, if the CG PUSCH skip indicator is lost and not received by the gNB:
· For unlicensed: gNB is aware there is no configuration, hence, decodes PUCCH for the UCI and assume PUSCH is dropped
· For licensed: gNB assumes multiplexed PUSCH and UCI, hence misses the detection of PUCCH only transmission. Hence, gNB should attempt blind decode UCI over PUCCH and UCI multiplexed on PUSCH
Alternative 2: Transmit UCI on PUSCH and drop PUCCH
In this alternative, to avoid confusion, the UCI bits can be mapped to contiguous known REs. In case the gNB successfully receives the CG PUSCH skip indicator, there is no issue and gNB can reuse the resources after the UCI for communication with other UEs or for energy savings. However, if the CG PUSCH skip indicator is lost and not received by the gNB, it assumes multiplexed data and UCI on PUSCH. The impact is wastage of power resources due to the extra decoding of assumed data on the PUSCH and gNB would not also be able to reuse these unused resources.
Alternative 3: Disable CG PUSCH skip capability on the TD resources with overlapping PUCCH and PUSCH and when a UCI is supposed to be sent.
[bookmark: p17]Proposal 17: Consider adding rules when a UCI (e.g. HARQ-ACK) is supposed to be multiplexed and sent on the CG PUSCH which the UE is requesting to skip, e.g.:
· Alternative 1: Transmit UCI on PUCCH and drop PUSCH
· Alternative 2: Transmit UCI on PUSCH and drop PUCCH
· Alternative 3: Disable CG PUSCH skip capability on the TD resources with overlapping PUCCH and PUSCH and when a UCI is supposed to be sent

Conclusions
In this contribution, we have provided the following observations and proposals for the XR capacity enhancements:
Observation 1: The UCI indicating unused CG PUSCH occasion(s) is beneficial because
· gNB can reallocate resources of the unused PUSCH occasion to other UEs
· UE can save power by selecting a proper amount of resources for PUSCH transmission
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion 
Observation 2: It is possible to configure the UE with multiple overlapping CG PUSCH occasions in current specs but the gNB has to blind detect the PUSCH
Observation 3: Indication of unused CG PUSCH occasion(s) of multiple overlapping PUSCH occasions is useful for UE power savings and for reducing blind decoding at gNB (network energy savings)
Observation 4: For the dynamic indication of the unused CG PUSCH occasion(s) among a set of PUSCH occasions, the CG PUSCH occasions can be overlapping in time. The overlapping PUSCH occasions allow for higher resource efficiency
Observation 5: If the gNB does not receive the indication of unused CG PUSCH occasion(s) early enough it can always do blind detection of PUSCH. The explicit timeline makes the spec and UE implementation complicated.

Proposal 1: Support Alt-C2 for the determination of TDRA for multiple PUSCH occasions in the CG period
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
Proposal 2: TDRA for multiple PUSCHs in the CG period can be indicated in a similar way to that of multiple PUSCHs scheduled by a single DCI specified for Rel-17
· timeDomainAllocation field in the rrc-ConfiguredUplinkGrant IE in the CG configuration indicates an entry with multiple {K2, SLIV}s of the TDRA table 
Proposal 3: Support different MCS and FDRA parameter values for multiple PUSCH occasions in the CG period
Proposal 4: Support Alt 1-2 for HARQ Process ID determination for multiple PUSCH occasions in the CG period
· HARQ process ID for the first valid PUSCH in a CG period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured
· Apply “the CG period duration divided by X = the number of configured PUSCH occasions in a CG period” instead of the CG period duration
Proposal 5: Support the following proposals. Discuss them in the following order of importance
· Support activation DCI for multi-PUSCH CG configuration
· Support retransmission of TBs for multiple CG PUSCHs by a dynamic UL grant
· Support PUSCH repetition for multi-PUSCH CG
· Support CBG based retransmission for multiple CG PUSCHs by a dynamic UL grant
Proposal 6: For the UCI that provides information of unused CG PUSCH transmission occasion(s)
· When the UE is configured to transmit the CG-UCI, the UCI is added as new field(s) into the CG-UCI
· Otherwise, it is transmitted in a new UCI
Proposal 7: For transmission occasions of the UCI indicating unused CG PUSCH occasion(s)
· Support Option 1: A transmitted CG PUSCH includes the UCI
· FFS: The first transmitted PUSCH over CG PUSCH occasions indicated by the same UCI includes the UCI
Proposal 8: For multiple overlapping PUSCH occasions, a UE is allowed to utilize the CG PUSCH occasion with the smallest RB allocation that best fits the size of its buffered data
Proposal 9: For the dynamic indication of unused CG PUSCH occasion(s), RAN1 should consider the case that multiple PUSCH occasions overlap in time. The UE indicates at most one of the overlapping PUSCH occasions is not unused
Proposal 10: Support Option 2-1 that the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused” (consecutive/non-consecutive in time domain)
Proposal 11: An explicit timeline between the indication and the indicated unused CG PUSCH occasion(s) is not needed for the UE to transmit the indication
Proposal 12: For a CG PUSCH occasion of the multi-PUSCH CG configuration that is indicated as NOT “unused”, the UE follows existing CG PUSCH skipping rule when there is a collision between the CG PUSCH occasion and other higher priority resource or operation such as semi-static DL symbol, DG scheduled DL symbol, SFI DL or flexible symbol, etc.
Proposal 13: Support a single UCI to jointly provide information of CG PUSCH occasions belonging to different CG configurations, TRPs, or CCs
Proposal 14: UE can send updated indication to indicate a different set of unused PUSCH occasions than those indicated by an early indication. gNB uses the most recent indication received from the UE
· Support the case that a CG PUSCH occasion previously indicated as NOT unused is later indicated as unused
· Do not support the case that the CG PUSCH occasion previously indicated as unused is later indicated as NOT unused
Proposal 15: Do not support the explicit indication of “used” CG PUSCH occasion(s)
Proposal 16: Support the indication of unused CG PUSCH occasion(s) when TBoMS is configured for the multi-PUSCH CG configuration
· Each CG PUSCH occasion contains the multiple slots for the same TB
Proposal 17: Consider adding rules when a UCI (e.g. HARQ-ACK) is supposed to be multiplexed and sent on the CG PUSCH which the UE is requesting to skip, e.g.:
· Alternative 1: Transmit UCI on PUCCH and drop PUSCH
· Alternative 2: Transmit UCI on PUSCH and drop PUCCH
· Alternative 3: Disable CG PUSCH skip capability on the TD resources with overlapping PUCCH and PUSCH and when a UCI is supposed to be sent
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