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Introduction
In this contribution we present our views on the XR-specific capacity enhancements [1]. Particularly:
· Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
· Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
[bookmark: _Hlk510705081]Discussion
Multi-PUSCHs CG
In RAN1#112 the following conclusion and agreement were made:
	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.



Below, we discuss the details related to multi-PUSCHs per CG period, particularly TDRA, HARQ process ID determination, MCS, and other.

TDRA for multi-PUSCHs CG
In RAN1#112 the following agreement was made:
	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



There are three different alternatives discussed during RAN1#112. Alt-A and Alt-B are the solutions that configure multiple slots per period by higher layers. The difference between these two options is that Alt-A can also support the same TB transmission over multiple slots. However, we think the potential support of this feature (TB over multiple slots) shall be discussed separately. Finally, Alt-C provides the TDRA via a DCI and re-uses the dynamic grant approach of multi-PUSCH scheduling with single DCI.
We propose to focus on the two alternatives: Alt-B and Alt-C, and further compare them in terms of benefits and drawbacks.
Proposal 1: Compare Alt-B (TDRA determination based on NR-U framework) and Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) in terms of potential benefits and drawbacks and select one framework to support multi-PUSCHs per CG period in licensed band.

We further note that RAN1 agreed to provide support of multi-PUSCHs per CG period for both Type 1 and Type 2 CG configurations. In Type 1 CG all parameters are provided by higher layer signalling while in Type 2 CG in addition to higher layer signalling, DCI provides certain parameters. Since Alt-C implies that the DCI is required to convey the information about TDRA, the framework will be applicable to Type 2 CG configuration only. If the approach is adopted, we will need another framework for supporting Type 1 CG configuration. That, in addition to solution adopted for unlicensed band, will lead to various different solutions for the same feature, which is not practical. 
Another difference between Alt-B and Alt-C is that the latter allows to configure different SLIVs for different slots, while Alt-B assumes the same SLIV for all slots per period. It is not clear at this point, whether different SLIVs for each slot are beneficial for XR operation.
Observation 1: Alt-C framework (TDRA determination based on single DCI scheduling multiple PUSCHs) is only applicable for Type 2 CG configuration. For Type 1 CG configuration, such framework will not work as it requires DCI to provide the entry to TDRA list.
Observation 2: The benefits of different SLIVs for each slot in Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) are unclear.

On the other hand, Alt-B is an already existing solution from unlicensed band:
	Clause 6.1.2.3 in TS 38.214: 
“A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-InSlot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps…”



Moreover, Alt-B provides the parameters such as number of slots per period via higher layers parameters, thus it will work for both Type 1 and Type 2 CG configurations. We, therefore, propose to adopt Alt-B, TDRA determination based on NR-U framework, to support multi-PUSCHs per CG period.
Proposal 2: Consider NR-U framework to support multi-PUSCHs per CG period in licensed band.

Another issue raised during the RAN1#112 was that the higher layer parameter cg-nrofSlots from NR-U framework, provides the number of consecutive slots allocated within a configured grant period. We think that one possible approach is to transmit over available slots (e.g., UL slot) and continue counting each slot. In that case, with max 40 slots per CG period as per current RRC specification, TDD structure DDDSU, and 30 kHZ, we can transmit up to 8 UL slots per CG period, which shall be enough for video frame in UL.
Observation 3: In Alt B (TDRA determination based on NR-U framework), by transmitting over available slots and continue counting each slot, we can transmit over up to 8 UL slots per CG period, which shall be enough for video frame in UL (e.g., with max 40 slots per CG period as per current RRC specification, TDD structure DDDSU, and 30 kHZ).

Another possible solution is to adopt the feature AvailableSlotCounting from repetition framework, that allows to count only available slots (e.g., UL slots). In that case, we can count UL slots only. Such an approach increases the number of slots per CG period that can be scheduled as compared to the solution where all slots are counted. 
Observation 4: The feature AvailableSlotCounting from repetition framework allows to count only available slots (e.g., UL slots) and can support transmission over non-consecutive UL slots in Alt-B (TDRA determination based on NR-U framework).
We, therefore, propose to consider the AvailableSlotCounting from repetition framework or transmitting over available slots (e.g., UL slot) and continue counting each slot in order to transmit over non-consecutive slots.
Proposal 3: To support non-consecutive transmission when configuring multi-PUSCHs per CG, consider the following solutions: (i) AvailableSlotCounting from repetition framework or (ii) transmitting over available slots (e.g., UL slot) and continue counting each slot.

HARQ process ID for multi-PUSCHs CG
In RAN1#112 the following agreement was made:
	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.



One of the open issues related to supporting multiple CG PUSCH occasions in a CG period is HARQ process ID determination and quite many alternatives were proposed and discussed in RAN1#112 meeting as indicated above. Depending on the detailed design, there could be overlapping among different alternatives. Alt. 2 is to reuse the HARQ process ID determination and reporting scheme specified for unlicensed band operation. One drawback to extend such operation to licensed band is the signalling overhead since UE has to include HARQ process ID in each UL CG PUSCH transmission. Another aspect we would like to point out is that the same HARQ process ID used for all PUSCHs within a period as proposed in Alt 3-1 is not a good option either, for example how to handle the possible retransmission and combining.
Regarding to the HARQ process ID for the first configured/valid CG PUSCH in a period, three options were discussed:
Option 1 (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.
Option 2 (Alt 3, 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.
Option 3 (Alt 2, Alt 5): 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.
As discussed above, the benefit of NR-U based Option 3 is not clear, and it will change the basic logic for licensed band operation. We do not see any technical advantages of Option 3 over the other two options. Between Option 1 and Option 2, with Option 2 and 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, there is a potential problem that some CG PUSCH TOs might come very close to the previous one and the configured CG timer of the previous one might still be running. As the result, the CG PUSCH TO cannot be used which has to be skipped/wasted. Such problem could be avoided with Option 1 by properly selected the value of X. Based on this, we have:
Proposal 4: RAN1 should investigate further Alt 1 for HARQ process ID determination and not consider other alternatives anymore.

MCS for multi-PUSCHs CG  
In RAN1#112 the following agreement was made:
	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.



Based on the agreement from RAN1#112 meeting, one aspect to be discussed further in RAN1 is whether to support different MCS and FDRA parameters for multi-PUSCHs within a CG period. As multi-PUSCHs CG is supported for both Type-1 and Type-2 CG, in case any enhancement agreed to be supported in RAN1, it is necessary to maximize the applicability to both Type-1 and Type-2 CG. Certainly, depending on the specific enhancement, the final solution maybe slightly different, while RAN1 should strive to common design as much as possible.

Proposal 5: RAN1 should target for common solution to support different MCS for multi-PUSCHs within a CG period which can be applied to both Type-1 CG and Type-2 CG.

For MCS, as already discussed in [2], one potential problem due to the same amount of resources across multiple CG PUSCH occasions is the achievable reliability due to the reduced transmission time window for the later coming PDUs within the same PDU set. In order to simultaneously fulfil the requirements of PDU set delay budget (PSDB) (as defined in TR 23.700-60) and reliability (e.g., 99.9% or even higher), without the introduction of support different MCS schemes, most likely we have to configure very robust MCS schemes for all TBs carrying the same PDU set. Clearly this will lead to reduced spectral efficiency. In our view, it would be beneficial to investigate options to support different MCSs over multi-PUSCHs within a CG period:
· One straightforward way is via explicit indication of the utilized MCS (e.g., following table 6.1.4.1-1 and Table 6.1.4.1-2 of TS 38.214) for each individual CG PUSCH occasion. The obvious drawback is the potential signalling overhead although only one time signalling is needed. 
· Another option is that only the reference or baseline MCS is indicated in RRC signalling or DCI, but the MCS change is indicated in an implicit manner which will result in reduced signalling overhead. For example, the MCS used for the 1st CG PUSCH transmission is with MCS index 14, and other MCS used by the later CG PUSCH occasions is with MCS index 12, then only the delta value “2” of MCS index needs to be configured and no need to send explicit MCS for each individual CG PUSCH occasion. It is worth pointing out that such information only needs to be delivered during RRC configuration phase.
Proposal 6: RAN1 should support different MCS schemes for multi-PUSCHs within a CG period and investigate different solution options (e.g., explicit vs. implicit manner).
Another CG PUSCH parameter under discussion is FDRA. Certainly, there are scenarios where changing FDRA of multi-PUSCHs in a CG period could potentially bring benefits e.g., increased reliability via frequency diversity or more robust MCS, while the benefit is not fully clear at this point and supporting different MCS schemes over multi-PUSCHs does not necessarily lead to change of FDRA.
Observation 5: Changing MCS over multi-PUSCHs does not necessarily lead to change of FDRA.

Other
In this sub-section, we further discuss the details that was raised during RAN1#112 related to multi-PUSCHs per CG period.
We start with the discussion on the potential support of one TB over multiple slots. This feature is related to coverage extension and not to capacity enhancements. Since the main goal of the SI item and now WI is to develop solutions to increase capacity, we think that there is no need to consider supporting one TB over multiple slots at this point. 
Observation 6: One TB over multiple slots is related to coverage enhancements and not to capacity enhancements.
Proposal 7: Down prioritize one TB over multiple slots in Rel18 WI XR Enhancements for NR.

Another detail to be decided is related to multi-PUSCHs per CG, particularly, the maximum number of PUSCHs per CG period. Depending on the TDRA framework discussed above (e.g., Alt-B or Alt-C) and the solution to be adopted to be able to transmit in non-consecutive slots, the number of slots per CG period or PUSCH per CG period will be different. We thus propose first to decide on the framework to be adopted for multi-PUSCHs per CG period and solution to handle the non-consecutive slot transmission and only then decide on the max number of PUSCHs per CG period.
Proposal 8: First decide on the framework to be adopted for multi-PUSCHs per CG period and solution to handle the non-consecutive slot transmission and then decide on the max number of PUSCHs per CG period.

UCI indication of unused CG PUSCH occasion(s)
What information UCI contains 
In RAN1#112 the following agreement was made:
	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:
· [bookmark: _Hlk130566484]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.



For UCI content, among these two options, with Option 1, UE can report the number of consecutive “unused” CG PUSCH TO(s). With Option 2, UE can report the bitmap of the usage of CG PUSCH TO(s). Option 1 may have the advantage of potentially reduced signalling overhead with the restriction that the reported “unused” resources are consecutive. Option 2 can indicate “unused” consecutive or non-consecutive CG PUSCH TO(s), while the signalling overhead might be higher. 
However, it seems indicating number of consecutive unused TOs (Option 1) or bitmap indicating the exact unused TOs (Option 2-1) will not work properly, since the potential overlapping due to dynamic grant is not considered. In case there is retransmission grant or other higher priority UL grant scheduled which overlaps with a CG TO, the CG occasion would not be usable for new transmission and the UE might not be able to determine in advance whether there will be such overlap or not. 
What the UE can determine in advance is the number of needed CG occasions based on the configured TBS of the CG resources and the size of the buffered data that can be transmitted via the CG, while the NW could figure out which ones are used/not used based on the number reported and the scheduled overlapped occasions. Another possible solution is to send the indication for the next TO as UE will know for sure how many TOs it will use only when it actually used all TOs needed to transmit a video frame in UL.
Proposal 9: RAN1 should take into account the impacts of potential overlapping between UL channels (i.e., DG PUSCH and CG PUSCH) when designing UCI content. Possible options:
· Option 2-2: The UCI provides one bit indication for the next TO (e.g., 0 – used or undefined; 1 - unused);
· Option 3: UCI provides the number of needed CG occasions based on the configured TBS of the CG resources and the size of the buffered data that can be transmitted via the CG. NW figure out which ones are used/not used based on the number reported and the scheduled overlapped occasions.

When UCI is sent
In RAN1#112 the following agreement was made:
	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.



One of the questions related to UCI indicating the unused slots is when to send such indication. There were 4 main approaches discussed during RAN1#112: (i) Option 1 – if the feature is supported, then every CG PUSCH contains UCI indicating unused TOs; (ii) Option 2 – determine the periodicity of UCI indication by RRC; (iii) Option 3 – only certain PUSCH incudes the UCI indication (e.g., 1st PUSCH); (iv) Option 4 – the UCI indication is transmitted in a PUSCH that satisfies certain conditions.
As was discussed during RAN1#112, the last Option 4 creates a lot of uncertainties, and potential problem with decoding at gNB side. Option 2 and Option 3 are similar to each other, we can set the periodicity of UCI to be equal to the periodicity of CG with RRC to cover Option 3. In case of the introduced example for Option 3, when UCI is sent every first PUSCH in a period, if the UCI is not correctly received or not sent at all, we will not be able to receive the indication when those is needed to distribute the resources. Therefore, we do not support Option 3 as it can be covered by Option 2 if needed and is not very reliable.
Proposal 10: Do not support Option 3 and Option 4 for the possible transmission occasions of the UCI.

We further compare Option 1 and Option 2. Option 1 is the most reliable one as if one of the UCI was not correctly received or not sent at all, there are still other UCIs that will convey the indication without extra delay. The benefit of Option 2 is that we save bits when transmitting UCI with certain periodicity and not every PUSCH occasion and flexibility to set different periodicities. However, the potential UCI indication is not expected to have a lot of bits (e.g., around 4 bits), therefore the overhead will be very minor in Option 1 as compared to Option 2. We thus propose to support Option 1, sending UCI indication every PUSCH and only once per slot. The benefits of other UCI periodicities can be further discussed and if shown to be beneficial, RRC configured periodicities can be considered (Option 2).
Proposal 11: Support Option 1, sending UCI indication every PUSCH and only once per slot.
· FFS: The benefits of other UCI periodicities can be further discussed and if shown to be beneficial, RRC configured periodicities can be considered (Option 2).

UCI table
In RAN1#112 the following agreement was made:
	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



For licensed operation, two alternatives are appropriate:
· Alt 1 – introduce the new UCI table. In that case, if we need such feature to be supported in unlicensed band, we can add additional fields to CG-UCI for unlicensed band operation (e.g., Alt 2 for unlicensed band).
· Alt 3 – use the existing CG-UCI container and send fields that are needed depending on the licensed/unlicensed operation and support of indication of unused TOs. For instance, in licensed band send fields with indication only and for unlicensed send the existing fields from CG-UCI and indication of unused TOs (if supported). One aspect worth pointing out is that in case unlicensed band operation is supported, then ”repurpose” some existing fields of the CG-UCI might be not feasible.

Proposal 12: Consider Alt1 or Alt3 and introduce a new UCI Table with indication of unused TOs (Alt 1) or replace/re-purpose some field(s) of the CG-UCI depending on the licensed/unlicensed operation (Alt 3).

How UCI is sent 
In RAN1#112 the following agreements were made:
	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



As to UCI transmission over CG PUSCH, as indicated by the agreement above, the specified procedure for multiplying CG-UCI on CG PUSCH when cg-RetransmissionTimer is configured should be used as a baseline. Furthermore, the specific way of multiplexing UCI on CG PUSCH is dependent on the UCI table design: a new UCI or new fields in the CG-UCI. 
Proposal 13: RAN1 to discuss/agree how UCI is sent after UCI table is agreed due to the dependency of UCI transmission on the UCI table.
Still, we would like to discuss a bit about the potential ways for UCI multiplexing on CG PUSCH. Starting with the simplest scenario where there is no overlapping channel of different PHY priority, two different alternatives are discussed here: 
· Alternative 1: New UCI
With this alternative, multiplexing the new UCI onto CG PUSCH can be handled in a similar way as CG-UCI on CG PUSCH when cg-RetransmissionTimer is configured (e.g., Clause 6.3.2 in TS 38.212). To be more specific, the same channel coding scheme for CG-UCI can be used to encode the new UCI. In addition, the same rate matching and RE mapping schemes can be applied to CG-UCI as well. 
In case HARQ-ACK of the same priority needs to be multiplexed on the same CG PUSCH, then the new UCI bits will be mapped before the HARQ-ACK bits in the same way as specified for CG-UCI. Furthermore, if RAN1 agrees that the feature should be available for unlicensed band operation, then the new UCI can be mapped before the CG-UCI bit sequences and HARQ-ACK bits of the same priority before entering channel coding.
· Alternative 2: New fields to the CG-UCI
With this alternative, from transmission point of view, it is even simpler since the current way of multiplexing CG-UCI on CG PUSCH can be reused, the only difference is that the payload size is increased.
While no matter which alternative is taken, it is quite straightforward and RAN1 should target extending the current specification to support multiplexing new UCI on CG PUSCH.
 
Other
One of the issues opened up in RAN1#112 is UCI overriding. Due to various reasons for example jitter, misalignment between UL traffic and CG PUSCH resource, or due to UL traffic change etc, it is possible that UE does not have full information about the size of the PDU set at the beginning of the 1st CG PUSCH TO in a period. In this case, one possible solution is that UE does not indicate the unused occasions in the first CG PUSCH TO and gNB will assume all the configured CG PUSCH TO(s) in the period will be occupied. Then at a later phase, once UE has clear information about how many TO(s) needed, UE can send updated information to gNB. Based on this, we have:
Proposal 14: Overriding previous indication from used to unused is allowed.

Whether overriding from unused to used resources is allowed or not will depend on the particular solution related to what information UCI contains. Thus, we propose to first decide on the information that UCI contains and then discuss the overriding from unused to used resources.
Proposal 15: Decide on whether overriding a previous indication from unused to used is supported after the solution related to what information UCI contains is clear.

Conclusion
In this contribution, we discussed the solutions related to XR-specific capacity enhancements.
The following observations have been made:
Observation 1: Alt-C framework (TDRA determination based on single DCI scheduling multiple PUSCHs) is only applicable for Type 2 CG configuration. For Type 1 CG configuration, such framework will not work as it requires DCI to provide the entry to TDRA list.
Observation 2: The benefits of different SLIVs for each slot in Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) are unclear.
Observation 3: In Alt B (TDRA determination based on NR-U framework), by transmitting over available slots and continue counting each slot, we can transmit over up to 8 UL slots per CG period, which shall be enough for video frame in UL (e.g., with max 40 slots per CG period as per current RRC specification, TDD structure DDDSU, and 30 kHZ).
Observation 4: The feature AvailableSlotCounting from repetition framework allows to count only available slots (e.g., UL slots) and can support transmission over non-consecutive UL slots in Alt-B (TDRA determination based on NR-U framework).
Observation 5: Changing MCS over multi-PUSCHs does not necessarily lead to change of FDRA.
Observation 6: One TB over multiple slots is related to coverage enhancements and not to capacity enhancements.

The following proposals have been made:
Proposal 1: Compare Alt-B (TDRA determination based on NR-U framework) and Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) in terms of potential benefits and drawbacks and select one framework to support multi-PUSCHs per CG period in licensed band.
Proposal 2: Consider NR-U framework to support multi-PUSCHs per CG period in licensed band.
Proposal 3: To support non-consecutive transmission when configuring multi-PUSCHs per CG, consider the following solutions: (i) AvailableSlotCounting from repetition framework or (ii) transmitting over available slots (e.g., UL slot) and continue counting each slot.
Proposal 4: RAN1 should investigate further Alt 1 for HARQ process ID determination and not consider other alternatives anymore.
Proposal 5: RAN1 should target for common solution to support different MCS for multi-PUSCHs within a CG period which can be applied to both Type-1 CG and Type-2 CG.
Proposal 6: RAN1 should support different MCS schemes for multi-PUSCHs within a CG period and investigate different solution options (e.g., explicit vs. implicit manner).
Proposal 7: Down prioritize one TB over multiple slots in Rel18 WI XR Enhancements for NR.
Proposal 8: First decide on the framework to be adopted for multi-PUSCHs per CG period and solution to handle the non-consecutive slot transmission and then decide on the max number of PUSCHs per CG period.
Proposal 9: RAN1 should take into account the impacts of potential overlapping between UL channels (i.e., DG PUSCH and CG PUSCH) when designing UCI content. Possible options:
· Option 2-2: The UCI provides one bit indication for the next TO (e.g., 0 – used or undefined; 1 - unused);
· Option 3: UCI provides the number of needed CG occasions based on the configured TBS of the CG resources and the size of the buffered data that can be transmitted via the CG. NW figure out which ones are used/not used based on the number reported and the scheduled overlapped occasions.

Proposal 10: Do not support Option 3 and Option 4 for the possible transmission occasions of the UCI.
Proposal 11: Support Option 1, sending UCI indication every PUSCH and only once per slot.
· FFS: The benefits of other UCI periodicities can be further discussed and if shown to be beneficial, RRC configured periodicities can be considered (Option 2).

Proposal 12: Consider Alt1 or Alt3 and introduce a new UCI Table with indication of unused TOs (Alt 1) or replace/re-purpose some field(s) of the CG-UCI depending on the licensed/unlicensed operation (Alt 3).
Proposal 13: RAN1 to discuss/agree how UCI is sent after UCI table is agreed due to the dependency of UCI transmission on the UCI table.
Proposal 14: Overriding previous indication from used to unused is allowed.
Proposal 15: Decide on whether overriding a previous indication from unused to used is supported after the solution related to what information UCI contains is clear.
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