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[bookmark: _Ref68628695]Introduction
The new WI on Rel-18 XR was agreed in [1] with the following objectives:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)



There are two RAN1 related objectives which reflect the following agreements made in RAN1 #111 [2]. RAN1 is supposed to complete the design for the agreed objectives within the next four WG meetings by August 2023.
	Agreement
Support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
Agreement
Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE



In this paper, we will discuss designs to enable the functions for the two RAN1 related WI objectives. 
[bookmark: _Ref126485173]Multiple PUSCH Occasions in CG Period
Augmented Reality (AR) traffic has the periodic UL video frame traffic with large and variable packet size. In typical channel environments and system setup, multiple PUSCH slots are required to completely transfer the UL video data within each period, e.g., 16.66ms with 60 fps video frame generation rate. This motivates the design of multiple PUSCH occasions in each CG period. It is expected that the number of PUSCH occasions configured by network will consider the maximum UL video frame size, wireless channel condition and the allocated bandwidth for the UE. With this, the UE should be able to transfer the XR UL data with no or reduced need to request resources from the network based on legacy Scheduling Request (SR) and Buffer Status Report (BSR). 
A few existing features are related to the multiple PUSCH occasions in the CG period. The first one is the Rel-16 NR-U which supports multiple CG PUSCH occasions consecutive in the slot across multiple slots. This avoids long gap (>16us) within the UE PUSCH transmissions that requires additional LBT. The second is the single DCI scheduling multiple PUSCHs. In Rel-16, NR-U only defined a single DCI scheduling multiple consecutive PUSCHs. In Rel-17 FR 2-2 discussion, the restriction for consecutive PUSCHs scheduled by the same DCI was relaxed to allows for more scheduling flexibility for multi-user.
[bookmark: o1]Observation 1: The following NR features are related to multiple PUSCH occasions in the period of CG
· Multiple PUSCH occasions in the slot across consecutive slots for Rel-16 NR-U
· Multiple consecutive PUSCHs scheduled by the same DCI for Rel-16 NR-U
· Multiple PUSCHs that can be inconsecutively scheduled by the same DCI for Rel-17 FR 2-2
Following the strategy of Rel-17 FR 2-2 multi-PUSCH scheduling DCI design, at least for licensed spectrum, it will be beneficial to network scheduling if the restriction of consecutive PUSCH occasions in the CG period is relaxed. Figure 1 shows an example of this design.
[bookmark: _Hlk126420390][bookmark: p1]Proposal 1: Support multiple inconsecutive PUSCH occasions in time in the CG period.
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[bookmark: _Ref126419403]Figure 1: Inconsecutive PUSCHs in the CG period

For the inconsecutive PUSCH occasions, the UE needs to determine allocated slots and SLIVs for the PUSCHs within these slots. For that, TDRA of the Rel-17 single DCI scheduling multiple PUSCHs can be readily borrowed. In the Rel-17 feature, the number of scheduled PUSCHs is determined by the number of {K0, SLIV} combinations of the TDRA table entry indicated by the TDRA field of the scheduling DCI, the K0 values can be inconsecutive and SLIVs can be different for the scheduled PUSCHs. For Type 1 CG, this information is provided in the RRC configuration for the CG. For Type 2 CG, it is 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 FR 2-2
· timeDomainAllocation field in the rrc-ConfiguredUplinkGrant IE in the CG configuration indicates an entry of the TDRA table 
· the indicated TDRA entry can have multiple {K0, SLIV} combinations each for a PUSCH occasion in the CG period

[image: A picture containing timeline

Description automatically generated]
Figure 2: CG configuration

Similar to the Rel-17 multi-PUSCH scheduling DCI design, the other information other than TDRA can be shared by the multiple PUSCH occasions in the CG period.
[bookmark: _Hlk126422874][bookmark: p3]Proposal 3: Existing configuration parameters other than timeDomainAllocation in the CG configuration can be shared by the multiple PUSCH occasions in the CG period. 

Technically multiple active CG configurations specified in Rel-16 eURLLC can also achieve the effect of the multiple PUSCH occasions in the CG period. The main benefit of the new Rel-18 feature is that configuration signaling overhead can be reduced if correlated UL data (i.e., parts of the same UL video packet) are transmitted in clusters. Besides, the new feature can more efficiently utilize limited number of UL CG configurations per BWP. Based on the this, we think the Rel-18 design focus on signaling design, e.g., how to signal separate or common configuration for multiple PUSCHs, i.e., to maximize the benefit of signaling overhead reduction without the loss of scheduling flexibility.
[bookmark: o2]Observation 2: In comparison to the multiple active CG configurations specified in Rel-16 eURLLC, the Rel-18 CG for multiple PUSCH occasions in the CG period can reduce CG configuration signaling overhead and allow for efficient use of the limited number of CG configurations.
[bookmark: p4]Proposal 4: For Rel-18 CG with multiple PUSCH occasions in the CG period, RAN1 should strive to follow the design of eURLLC multiple active CG configurations supported by NR specification.

HARQ ID determination for CG is a RAN2 topic. We think some RAN1 design for Rel-17 multi-PUSCH scheduling DCI can be useful when this topic is discussed in RAN2. The multi-PUSCH scheduling DCI still contains a single HARQ ID field which is assigned to the first PUSCH of the multiple PUSCHs in time. For each subsequent PUSCH, HARQ ID is incremented by 1. This procedure is applied only to the so-called valid PUSCH that does not collide with any semi-static DL symbol including the cell-specific and UE-specific semi-static DL symbol, the cell-specific and UE-specific flexible symbol where SSB or Search Space #0 is configured. As discussed in Rel-17 FR 2-2, skipping HARQ ID increment avoids over-dimensioning of HARQ ID pool and enables simple maintenance of HARQ IDs. It also avoids misalignment between UE and gNB due to misdetection of dynamic signaling or higher priority dynamic transmission which can cancel a PUSCH of PUSCHs scheduled by the same DCI.
[bookmark: o3]Observation 3: The following designs of Rel-17 multi-PUSCH scheduling DCI can be useful for HARQ ID determination for multiple PUSCH occasions in the CG period when this is discussed in RAN2
· Only the PUSCH that does not collide with any semi-static DL symbol is valid for HARQ ID determination
· HARQ ID indicated by the scheduling DCI is assigned to the first valid PUSCH
· HARQ ID is incremented for each subsequent valid PUSCH scheduled by the DCI
[image: ]
Figure 3: HARQ ID increment and skipping for PUSCHs in the CG period

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 [3]. The agreed UE UL indication for unused PUSCH occasions can help the gNB reallocated the unused PUSCH occasions for the same UE or other UEs’ DL and UL transmission. In addition, it saves gNB’s power in blindly detecting potential PUSCH transmission on the unused PUSCH occasions. 
[bookmark: o4]Observation 4: The UE dynamic indication of unused CG PUSCH occasion(s) is beneficial because
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion 
· gNB can reallocate the resource of the unused PUSCH occasion to other UEs
· UE can save power by selecting a proper amount of resources for PUSCH transmission

In NR specification, a CG PUSCH is not transmitted 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
Whenever the collision occurs at a PUSCH occasion, no matter whether UE indicates the PUSCH is unused or not, the PUSCH occasion will be unused. If the remaining PUSCH occasions are not enough to transfer the entire XR video packet, it is understood that UE can use the legacy SR and BSR procedure to request additional UL resources. Besides, PUSCH occasion colliding with a semi-static configuration should be robustly known to both UE and gNB. This implies it is unexpected that the PUSCH occasion is not indicated as unused at least if the occasion collides with semi-static DL symbol. However, such a restriction does not really have any additional benefit and hence needs not to be explicitly specified.
[bookmark: p5]Proposal 5: For a PUSCH occasion that is not indicated as unused, whether PUSCH can be transmitted on the PUSCH occasion follows existing NR specifications for CG PUSCH collision handling, e.g., with semi-static DL symbol, DG scheduled DL symbol, SFI DL, flexible symbol, or other UL transmission etc.
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 should assume all the future PUSCH occasions are still reserved for its UL data if it may 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: p6]Proposal 6: The UE is allowed to not transmit PUSCH on a PUSCH occasion even if it is not indicated as unused. 

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.
[bookmark: o5]Observation 5: 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: p7]Proposal 7: For the dynamic indication of unused CG PUSCH occasion(s), RAN1 should consider the case that multiple PUSCH occasions overlap in time at least for the case that these PUSCH occasions are associated with different CG configurations. The UE indicates at most one of the overlapping PUSCH occasions is not unused. 
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Figure 4: UE can indicate a PUSCH occasion of multiple overlapping PUSCH occasions is used

It has been agreed that the indication of unused PUSCH occasion(s) is sent in UCI. It needs to be further decided whether the UCI is based on the legacy CG-UCI that was specified for NR-U or a new UCI. If it is based on the CG-UCI, for NR-U, the indication of unused PUSCH occasion(s) is always sent in a transmitted PUSCH per the NR-U agreement. If it is a new UCI, it can be transmitted in the PUCCH or in the PUSCH if the configured PUCCH resource overlaps with the PUSCH. 
If it is based on CG-UCI, the design is mainly on how the payload of CG-UCI is constructed which may have minor or moderate specification impact. It was agreed in Rel-16 that the CG-UCI at least contains the HARQ ID, NDI, RV and COT sharing information and is included in every CG-PUSCH transmission for NR-U. In addition, since CG-UCI is only defined for NR-U, the design needs to consider extending to the NR licensed case. If a new UCI is designed, at least the following aspects need to be specified (these have been also specified for CG-UCI except for the PUCCH format).
· PUCCH formats for the UCI
· Priority of the UCI, e.g., highest priority
· If the new UCI can be multiplexed with other UCIs on the PUSCH
· Maximum number of separately encoded UCIs multiplexed on a PUSCH, e.g., maximum of 3
· Which existing UCI can be multiplexed with the new UCI, e.g., RRC configuration to the UE indicating whether to multiplex the new UCI and HARQ-ACK. If yes, the new UCI and HARQ-ACK are jointly encoded. Otherwise, the PUSCH is skipped.
· Symbols on PUSCH where the new UCI is mapped if the PUCCH resource collides with the PUSCH, e.g., mapped on the symbols starting after first DMRS symbol
· Beta-offset to determine the number of REs if the new UCI is transmitted in a PUSCH, e.g., same as the beta-offset used for HARQ-ACK on PUSCH
[bookmark: o6]Observation 6: In comparison to the indication of unused CG PUSCH occasion(s) based on a new UCI, the indication based on CG-UCI may have less specification impact.

Suppose the CG-UCI is used to transmit the indication of unused CG PUSCH occasion(s). Before construction of the CG-UCI payload is determined, RAN1 may first discuss whether the indication of unused CG PUSCH occasion(s) is supported for NR-U in the unlicensed band. Technically NR-U does not like gap in consecutive UL transmissions because a long gap (>16us) requires additional LBT. Hence, support of the indication of PUSCH occasion(s) (and inconsecutive PUSCH occasions discussed in Section 2) is not critical for unlicensed bands. 
[bookmark: p8]Proposal 8: RAN1 discusses whether dynamic indication of unused CG PUSCH occasion(s) is supported in unlicensed bands. 

Outcome of the discussion above may impact how the CG-UCI payload is structured. There are the following options for how the indication of unused PUSCH occasion(s) is included in the CG-UCI payload. If indication of unused PUSCH occasion(s) is not supported for NR-U, the CG-UCI payload size can be optimized (i.e., option 1 and 2). Otherwise, the payload size should be budgeted for both the original NR-U use case and the indication of the unused PUSCH occasion(s). If RAN1 cannot decide whether the indication of unused PUSCH occasion(s) should be supported for NR-U, then option 3 should be adopted at least for the competition of the Rel-18 XR WI. 
[bookmark: o7]Observation 7: If indication of unused PUSCH occasion(s) in the CG period is sent in CG-UCI payload
· Option 1: the CG-UCI only contains indication of unused CG PUSCH occasions 
· Payload size of CG-UCI is minimized
· Indication of unused PUSCH occasion(s) is not supported in unlicensed band
· Option 2: repurpose existing NR-U CG-UCI fields for the indication of unused CG PUSCH occasions
· Payload size of CG-UCI is not increased in comparison to the NR-U use case
· Indication of unused PUSCH occasion(s) is not supported in unlicensed band
· Option 3: append the indication of unused CG PUSCH occasions after existing NR-U CG-UCI fields
· Payload size of CG-UCI is increased 
· Indication of unused PUSCH occasion(s) can be supported in unlicensed band

As for where the indication of unused PUSCH occasion(s) is transmitted, it is beneficial to let gNB know UE’s decision on unused PUCSH occasion(s) ahead of time so that the gNB reallocate the resource for capacity enhancements. It is also preferrable from gNB blind detection point of view if the UE sends the indication at limited or fixed location(s) relative to the start of the CG period or allocated PUSCH occasions. The XR UL video traffic always has data for every video generation period. As a result, the first PUSCH occasion of the CG period (assume it has been aligned with video periodicity) will always be used by the UE. If the indication is based on CG-UCI, it is convenient to use the CG-UCI transmitted in the first PUSCH occasion to indicate whether the next or any of the remaining PUSCH occasions is unused. Figure 5 shows two options for where to send the indication which apply to both the CG-UCI and new UCI based designs. 
[bookmark: p9]Proposal 9: Indication of unused PUSCH occasion(s) in the CG period is at least configured to be transmitted at a fixed location at (e.g., within or before) the first PUSCH occasion. The indication can also be transmitted at every used PUSCH occasion.
· This applies to both new UCI and CG-UCI based design.



[bookmark: _Ref126490892]Figure 5: Locations where the indication of unused PUSCH occasion(s) is transmitted

It is a more general design to consider multiple bits for the indication of unused PUSCH occasion(s). For that, either bitmap or codepoint can be used. In the following, we provide potential options for the indication signaling content. 
[bookmark: p10]Proposal 10: If the indication of unused PUSCH occasion(s) contains 1 bit 
· Option 1: the bit indicates that the next PUSCH occasion is unused
· Option 2: the bit indicates that PUSCH occasions starting from the next resource occasion are unused
[bookmark: p11]Proposal 11: If the indication of unused PUSCH occasion(s) contains multiple bits, the indication can be based on 
· Option 1: bitmap, each bit for one PUSCH occasion 
· Option 2: codepoint indicating the start and the number of consecutive unused PUSCH occasions in the form of SLIV
· Option 3: codepoint indicating the first unused PUSCH occasion
· Option 4: index for the entry of a table indicating unused PUSCH occasions (similar to TDRA table)
· Note: the PUSCH occasion can be one of multiple overlapping CG PUSCH occasions


Figure 6: Indication of unused PUSCH occasion(s) by SLIV

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.
[bookmark: p12]Proposal 12: UE can send updated indication of unused PUSCH occasions among multiple PUSCH occasions. The updated indication can 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. This includes the following two cases.
· Case 1: A PUSCH occasion indicated as unused occasion is later not indicated as unused occasion
· Case 2: A PUSCH occasion not indicated as unused occasion is later indicated as unused occasion



Figure 7: UE sends updated indication of unused PUSCH occasion(s)

It is important for the gNB to successfully receive the UE indication of unused PUSCH occasion(s) so that gNB can correctly skip reception of PUSCH over unused PUSCH occasion and in the meanwhile does not miss a PUSCH occasion where PUSCH is actually transmitted. The bottom line should be if gNB is not able to tell whether the UE has indicated a PUSCH occasion is used, gNB should fall back to exiting behavior to blindly detect the PUSCH over the PUSCH occasion.
[bookmark: o8]Observation 8: If it is uncertain to the gNB whether a CG PUSCH occasion is unused or not, e.g., the UCI indicating unused PUSCH occasion(s) is not received, gNB can always perform PUSCH blind detection over the PUSCH occasion, i.e., to follow existing gNB behaviour. 
To further increase the reliability of the indication of unused PUSCH occasion(s), the following proposal is made.
[bookmark: p13]Proposal 13: Reliability of the UCI indicating unused PUSCH occasion(s) can be improved by
· Option 1: ACK from gNB for the UCI 
· Option 2: repetition of the UCI 


Figure 8: Repetition of UCI indication of unused PUSCH occasion(s)

It is worthwhile to clarify that the discussion is also applicable to UE transmission of UCI to indicate unused 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 more efficient signaling overhead and even earlier indication of unused PUSCH occasion(s). 
[bookmark: p14]Proposal 14: Support a single UCI to jointly indicate CG PUSCH occasions belonging to different CG configurations, TRPs, or CCs.



Figure 9: Joint indication for PUSCH occasions over different CG configurations and CCs
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: Transmitted 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: Transmitted 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: p15]Proposal 15: 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 following NR features are related to multiple PUSCH occasions in the period of CG
· Multiple PUSCH occasions in the slot across consecutive slots for Rel-16 NR-U
· Multiple consecutive PUSCHs scheduled by the same DCI for Rel-16 NR-U
· Multiple PUSCHs that can be inconsecutively scheduled by the same DCI for Rel-17 FR 2-2
Observation 2: In comparison to the multiple active CG configurations specified in Rel-16 eURLLC, the Rel-18 CG for multiple PUSCH occasions in the CG period can reduce CG configuration signaling overhead and allow for efficient use of the limited number of CG configurations.
Observation 3: The following designs of Rel-17 multi-PUSCH scheduling DCI can be useful for HARQ ID determination for multiple PUSCH occasions in the CG period when this is discussed in RAN2
· Only the PUSCH that does not collide with any semi-static DL symbol is valid for HARQ ID determination
· HARQ ID indicated by the scheduling DCI is assigned to the first valid PUSCH
· HARQ ID is incremented for each subsequent valid PUSCH scheduled by the DCI
Observation 4: The UE dynamic indication of unused CG PUSCH occasion(s) is beneficial because
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion 
· gNB can reallocate the resource of the unused PUSCH occasion to other UEs
Observation 5: 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 6: In comparison to the indication of unused CG PUSCH occasion(s) based on a new UCI, the indication based on CG-UCI may have less specification impact.
Observation 7: If indication of unused PUSCH occasion(s) in the CG period is sent in CG-UCI payload
· Option 1: the CG-UCI only contains indication of unused CG PUSCH occasions 
· Payload size of CG-UCI is minimized
· Indication of unused PUSCH occasion(s) is not supported in unlicensed band
· Option 2: repurpose existing NR-U CG-UCI fields for the indication of unused CG PUSCH occasions
· Payload size of CG-UCI is not increased in comparison to the NR-U use case
· Indication of unused PUSCH occasion(s) is not supported in unlicensed band
· Option 3: append the indication of unused CG PUSCH occasions after existing NR-U CG-UCI fields
· Payload size of CG-UCI is increased 
· Indication of unused PUSCH occasion(s) can be supported in unlicensed band
Observation 8: If it is uncertain to the gNB whether a CG PUSCH occasion is unused or not, e.g., the UCI indicating unused PUSCH occasion(s) is not received, gNB can always perform PUSCH blind detection over the PUSCH occasion, i.e., to follow existing gNB behaviour. 

Proposal 1: Support multiple inconsecutive PUSCH occasions in time in the CG period.
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 FR 2-2
· timeDomainAllocation field in the rrc-ConfiguredUplinkGrant IE in the CG configuration indicates an entry of the TDRA table 
· the indicated TDRA entry can have multiple {K0, SLIV} combinations each for a PUSCH occasion in the CG period
Proposal 3: Existing configuration parameters other than timeDomainAllocation in the CG configuration can be shared by the multiple PUSCH occasions in the CG period. 
Proposal 4: For Rel-18 CG with multiple PUSCH occasions in the CG period, RAN1 should strive to follow the design of eURLLC multiple active CG configurations supported by NR specification.
Proposal 5: For a PUSCH occasion that is not indicated as unused, whether PUSCH can be transmitted on the PUSCH occasion follows existing NR specifications for CG PUSCH collision handling, e.g., with semi-static DL symbol, DG scheduled DL symbol, SFI DL, flexible symbol, or other UL transmission etc.
Proposal 6: The UE is allowed to not transmit PUSCH on a PUSCH occasion even if it is not indicated as unused. 
Proposal 7: For the dynamic indication of unused CG PUSCH occasion(s), RAN1 should consider the case that multiple PUSCH occasions overlap in time at least for the case that these PUSCH occasions are associated with different CG configurations. The UE indicates at most one of the overlapping PUSCH occasions is not unused. 
Proposal 8: RAN1 discusses whether dynamic indication of unused CG PUSCH occasion(s) is supported in unlicensed bands. 
Proposal 9: Indication of unused PUSCH occasion(s) in the CG period is at least configured to be transmitted at a fixed location at (e.g., within or before) the first PUSCH occasion. The indication can also be transmitted at every used PUSCH occasion.
Proposal 10: If the indication of unused PUSCH occasion(s) contains 1 bit 
· Option 1: the bit indicates that the next PUSCH occasion is unused
· Option 2: the bit indicates that PUSCH occasions starting from the next resource occasion are unused
Proposal 11: If the indication of unused PUSCH occasion(s) contains multiple bits, the indication can be based on 
· Option 1: bitmap, each bit for one PUSCH occasion 
· Option 2: codepoint indicating the start and the number of consecutive unused PUSCH occasions in the form of SLIV
· Option 3: codepoint indicating the first unused PUSCH occasion
· Option 4: index for the entry of a table indicating unused PUSCH occasions (similar to TDRA table)
· Note: the PUSCH occasion can be one of multiple overlapping CG PUSCH occasions
Proposal 12: UE can send updated indication of unused PUSCH occasions among multiple PUSCH occasions. The updated indication can 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. This includes the following two cases.
· Case 1: A PUSCH occasion indicated as unused occasion is later not indicated as unused occasion
· Case 2: A PUSCH occasion not indicated as unused occasion is later indicated as unused occasion
Proposal 13: Reliability of the UCI indicating unused PUSCH occasion(s) can be improved by
· Option 1: ACK from gNB for the UCI 
· Option 2: repetition of the UCI 
Proposal 14: Support a single UCI to jointly indicate CG PUSCH occasions belonging to different CG configurations, TRPs, or CCs.
Proposal 15: 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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ConfiguredGrantConfig SEQUENCE {
frequencyHopping ENUMERATED {intraSlot, interSlot} OPTIONAL,
cg-DMRS—Configuration DMRS-UplinkConfig,
mos-Table ENUMERATED {qam256, qamé4LowSE} OPTIONAL,
mos-TableTransformErecoder ENUMERATED {qam256, qame4LowSE} OPTIONAL,
uci-OnPUSCH SetupRelease { CG-UCI-OnBUSCH } OPTIONAL,
resourceAllocation ENUMERATED { resourceAllocationType0, resourceAllocatvionTypel, dynamicSwitch },
rbg-size ENUMERATED {config2} OPTIONAL,
‘powerControlloopTolse ENUMERATED {n0, ni},

DO-PUSCH-Alpha BO-PUSCE-AlphaSecid,
<transformPrecoder ENUMERATED {enabled, disabled) OPTIONAL,
nrofHARQ-Processes INTEGER (1..16),
repk ENUMERATED {n1, n2, nd, n8},
repE-RV ENUMERATED {s1-0231, s2-0303, $3-0000} OPTIONAL, - R
periodicity ENUMERATED {
Sym2, sym, symixld, symdxis, syméxi4, synSxl4, synoxls, symiOxls, symiexls, sym2Oxld,
sym3zxle, syméOxld, symedxld, symiOxl4, syml2Gxld, symleoxld, sym25exld, syms20xld, symslxld,
Syme40x13, syml024xi4, symi280x1d4, sym25e0x14, symSi20x1d,
syme, symixl2, sym2xl2, syméxi2, symsx12, symgxi2, symiOx12, symiéxi2, sym20xi2, sym3Zxi2,
Syme0xl2, symédxlz, symiOxl2, symi2sxi2, symleoxl2, sym2sexi2, syms20xl2, symSl2xl2, symedoxlz,
symi280x12, sym2560x12
1
configuredGrantTimer INTEGER (1..64) OPTIONAL, -
rrc-ConfiguredUplinkGrant SEQUENCE {
<imeDomainOffset INTEGER (0..5119),
<imeDomainAllocation INTEGER (0..15),
frequencyDomainAllocation BIT SIRING (SIZE(18)),
antennaPort INTEGER (0..31),
amrs-SegInitialization INTEGER (0..1) OPTIONAL,
‘precodingAndNunber0flayers INTEGER (0..63),
srs—ResourceIndicator INTEGER (0..15) OPTIONAL,
mosAndTBS INTEGER (0..31),
£requencyHoppingOfEaet INTEGER (1.. maxNrofPhysicalResourceBlocks-1) OPTIONAL,
pathlossReferencelndex INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
i
pusch-RepTypeIndicator-rie ENUMERATED {pusch-RepIype®, pusch-RepTypeB} OPTIONAL,
frequencyRoppingPUSCH-RepTypeB-ri6 ENUMERATED {interRepetition, interSloth OPTIONAL,
timeReferencesEl-rie ENUMERATED {s£n512} OPTIONAL

1
b OPTIONAL,  ——
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