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1	Introduction
In RAN plenary 98-e, the Rel-18 WI on eXtended Reality (XR) was agreed [1] and was further revised in RAN#99 [2], 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 Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);



Among the above objectives, RAN1 is tasked to carry out the normative work for the enhancements defined by the following two objectives:
	-	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, RAN2);



The discussion during the last meeting resulted in a set of agreements that largely provide categorization of different solutions to facilitate the needed design decisions. In this contribution, we discuss our view on the design choices for specifying these enhancements for configured grant (CG) based transmission.

[bookmark: _Ref178064866]2	Discussion
2.1 Multiple transmission occasions per CG period
We discuss the design aspect corresponding to the following WID objective:
	-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  


In the previous meeting, the key design aspects for multi-PUSCHs CG were identified with respective design alternatives. In the following, we discuss our view on the preferred choices.
2.1.1	TDRA design
Three main alternatives were discussed during the last meeting: 
Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters

In our view, these alternatives with respect to complexity and specification impacts are comparable, with a slight difference that introduction of new RRC parameter(s) is needed for Alt-A and Alt-B as opposed to Alt-C. The main difference among these alternatives is the level of flexibility that each alternative offers and its usefulness, especially for XR-specific use cases.
The repetition based framework in Alt-A is a special case of NR-U based framework in Alt-B where the former is a special case of the latter. Both alternatives are relying on single size SLIV and the only difference is on the possibility of configuring multiple TOs within a slot.
The framework based on MultiPUSCH TDRA, offers the possibility of having different SLIVs for different TOs. The difference between Rel-16 and Rel-17 versions of MultiPUSCH, i.e. Alt-C1 and ALt-C2, respectively, lies on level of alignment with distribution and availability of UL slots.
From our perspective, when a NW configures multi-PUSCH CG for traffics such as XR, the NW has a rough estimate of the XR traffic packet size and its occurrence. A proper resource management requires to serve the traffic considering the available UL resources on FDD or TDD bands in consideration with other traffic belonging to the same or different users. It is evident that the flexibility provided by Alt-C2 makes the CG multi-PUSCHs feature more useful for operation. For example, NW can configure larger SLIVs in earlier TOs within a period and utilizes a smaller SLIVs for later TOs. Typical operation is that one CG PUSCH is used per slot, however, the UL opportunities occur in different slots. Hence, when all the alternatives are at the same level with respect to complexity, it is obvious that Alt-C2 is the most proper and obvious design choice with consideration to realistic scenarios. 
Based on the above discussions, we make the following observations:
[bookmark: _Toc131763633]Alt-A, Alt-B and Alt-C are comparable with respect to complexity and specification impacts are comparable, with slight differences.
[bookmark: _Toc131763634]The design choice should ensure the usefulness of the feature for realistic scenarios.
· [bookmark: _Toc131763635]For TDD operation, the UL opportunities occur in different slots, and typically, one CG PUSCH is used per slot.
· [bookmark: _Toc131763636]For proper resource management, there may be a need of different sizes of UL resources in different slots. 
[bookmark: _Toc131763637]Alt-C2 provides the needed flexibility to make the feature useful for different scenarios, as oppose to Alt-A, Alt-B and Alt-C1 which inherit simplifications and restrictions by design.
Therefore, we propose the following:
[bookmark: _Toc131763641]Multi-PUSCHs scheduling by a single DCI in Rel-17 is considered as the baseline for the design of multi-PUSCHs CG in Rel-18 (i.e. Alt-C2).                                                                                                                                                                                                                                                                                                                        
Using multi-PUSCHs dynamic scheduling as baseline, the corresponding TDRA table (i.e., TimeDomainAllocationListForMultiPDSCH-r16) should be used for multi-PUSCHs configured grant. Consequently, valid SLIVs are determined from a row of the TDRA table with multiple SLIVs. The valid SLIVs are the SLIVs that are confined within a CG period, as well as within a slot to maintain the properties of multi-PUSCHs scheduling. 
It is important to note that in Rel-17, the introduction of multi-PUSCH scheduling by single DCI caused an ambiguity issue for validation/release of Type-2 configured grant by DCI 0_1 where the TDRA table TimeDomainAllocationListForMultiPDSCH-r16 is configured. The reason was that in Rel-17, only single SLIV per period was supported. Note that even in case of enhanced CG for NR-U, a single SLIV is indicated and used for consecutive PUSCHs in a CG period. The summary of the related discussions led to the above agreement is available in the feature lead summary [4], Section 2.5, Issue#2.5-2 and partially Issue#2.5-1. The discussion led to the following agreement and corresponding description in the specifications as shown below. 
	Agreement (RAN1#107bis-e)
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if the PDCCH indicates a TDRA row index including only one SLIV

	TS 38.213, Clause 10.2
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI or a G-CS-RNTI provided by g-cs-RNTI, and
-	the new data indicator field in the DCI format for the enabled transport block is set to '0', and
-	the DFI flag field, if present, in the DCI format is set to '0', and
-	the time domain resource assignment field in the DCI format indicates a row with single SLIV, and
-	if validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field in the DCI format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dl-DataToUL-ACK-r16. 



From our point of view, the above restriction was not necessary in Rel-17 where the ambiguity could be resolved by implementation or other proposed solutions. Regardless, this restriction needs to be removed for Rel-18 to allow indication of multiple SLIV for Type-2 multi-PUSCH CG.
Based on the above discussion, we propose the followings for design of multi-PUSCHs: 
[bookmark: _Toc131763642]A row with multiple SLIVs of a TDRA table determines the SLIVs associated to the PUSCHs within a period of a multi-PUSCHs CG.
· [bookmark: _Toc131763643]Note: pdsch-TimeDomainAllocationListForMultiPDSCH-r16 is reused for the TDRA table as in Rel-17.
· [bookmark: _Toc131763644]Note: For activation/release of a Type-2 multi-PUSCHs CG, the time domain resource assignment field in the DCI format can indicate a row with multiple SLIVs as opposed to Rel-17.
Moreover, multi-PUSCHs dynamic scheduling by single DCI is only supported for non-fallback DCI format 0_1. From our point of view, it is sufficient to limit the activation /release of Type-2 multi-PUSCHs configured grant to this DCI format. Any extension to other DCI formats, complicates the determination of TDRA table at the UE for both configured and scheduled transmission unnecessarily.
[bookmark: _Toc131763645]The activation/release DCI for Type-2 multi-PUSCH CG is based on the non-fallback DCI format 0_1.

2.1.2	HARQ process ID
The topic of HARQ-ID determination was intensively discussed last meeting. The views were different whether the topic should be handled by RAN2. Due to the preference of majority, the following was concluded in RAN1.
Conclusion
RAN1 discusses to decide how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.

With respect to design choices, based on proposed solutions in contributions and discussions at the meeting, the following alternatives were listed.
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.
In the following, we explain our view on how these alternatives can be differentiated, and eventually what alternatives should be prioritized for a design choice.

For determination of HARQ process ID for each configured PUSCH in multi-PUSCHs CG, we review the approaches used in legacy procedures:
· Approach 1) Multi-PUSCHs scheduling principle: The HARQ process ID for the first PUSCH is indicated and incremented for the rest. The increment can be skipped when for example the PUSCH transmission is cancelled due to collision with DL symbols.
· Approach 2) CG principle with absence of cg-RetransmissionTimer (applicable to licensed spectrum operation): For HARQ process ID determination associated to a CG PUSCH, it was intentionally decided to associate different HARQ process IDs to at least two PUSCHs in two consecutive periods. This design decision had simplified the complications with respect to HARQ process handling discussed in RAN2. Note that in this case there is only one PUSCH confirmed per period.
· Approach 3) CG principle with presence of cg-RetransmissionTimer (applicable to shared spectrum): The HARQ process ID is decided by UE from a poll of HARQ process IDs and reported in CG-UCI.

	TS 38.214, Clause 6.1
When the UE is scheduled with multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH not overlapping with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPUSCH applied if nrofHARQ-ProcessesForPUSCH is provided, or with modulo operation of nrofHARQ-ProcessesForPUSCH-r17 applied if nrofHARQ-ProcessesForPUSCH-r17 is provided, or with modulo operation of 16 applied, otherwise. HARQ process ID is not incremented for PUSCH(s) not transmitted if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
...
For uplink, 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes per cell as defined in [13, TS 38.306]. The number of processes the UE may assume will at most be used for the uplink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPUSCH, or nrofHARQ-ProcessesForPUSCH-r17, and when no configuration is provided the UE may assume a default number of 16 processes.
TS 38.321, Clause 5.4.1
For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
[bookmark: _Hlk23499210]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration.



Any of the alternatives in the agreement, are based on at least one of the approaches above with or without additional modifications. However, we believe that it is reasonable to only focus on Alt-1 and Alt-2 and finally select Alt. 1-2 for the following reasons:
· Alt-3: With respect to Alt-3, the details are remained to be provided. However irrespective of design details, this alternative can be down prioritized for the following reasons:
Alt 3-1 results in the same HARQ-ID for CG PUSCHs in a period. In our view a design that result in such an outcome is not preferred. Considering the out-of-order principle, using the same HARQ process IDs for PUSCHs in the same period, causes delay and retransmission issues and hence, defeats the original purpose of this feature. If the motivation of transmission of a single TB across multiple CG PUSCH TOs, we believe such method, has large impact on specifications without clear benefit. 
Regarding Alt-3-2, although the corresponding details are not available at this stage, a feasible solution already exists among other alternatives based on legacy procedures with minimum specification impact.  
· Alt-4: This alternative appears to be similar to Alt-1-1. If there is any difference, similarly to Alt-3-2, although the corresponding details are not available at this stage, a feasible solution among other alternatives based on legacy procedures with minimum specification impact already exists.  

· Alt-5: This alternative is based on NR-U approach, similarly to Alt-2. However, in our view Alt-5 has a major drawback as the following: 
The HARQ-ID of CG PUSCHs depends on the HARQ-ID of the first CG PUSCH that is determined by the UE. This means that in case of misdetection of the first CG PUSCH, the HARQ-ID of successive CG PUSCHs cannot be determined unless the gNB examines all possible hypotheses which results in extremely increase of gNB complexity.
Therefore, we propose the following:
[bookmark: _Toc131763646]For HARQ process ID determination of multi-PUSCHs CG, prioritize Alt-1 and Alt-2 for further down-selection.

With respect to Alt-1 and Alt-2, we share our view as the following:
· Alt-2: This alternative is based on the third approach that was described at the beginning of this section. In our view, applying a method based on UE implementation is very well justified for operation on unlicensed spectrum where the availability of the channel is uncertain. Hence, following a timing approach based on timing results in inefficient usage of the allocated HARQ processes. For operation on licensed band, not only this reasoning is not justified, but also it causes additional complexity at gNB due to decoding of UCI that signals the utilized HARQ ID. Therefore, in our view, for Rel-18 multi-PUSCHs CG feature, it is preferred that HARQ process ID determination follows a timing based procedure instead of being left to UE implementation.

Hence, we prefer Alt-1:

[bookmark: _Toc131763647]For HARQ process ID determination of multi-PUSCHs CG, prioritize Alt-1 over Alt-2 for further down-selection.

Finally, to assess different variants of Alt-1, we explain our view as the following:
· Alt 1: If the first approach above that was described at the beginning of this section is used, there is a need to determine the HARQ process ID for the first PUSCH and then increment it for other PUSCHs in a period. One can use the legacy CG approach for the first PUSCH in the period (i.e., Alt 1-1). This approach is workable but has a disadvantage that cause the HARQ process IDs of the first PUSCHs in the periods follow each other. This issue can be improved if the gap between the HARQ process IDs of the first PUSCHs in periods are increased. This is achieved by Alt 1-2 or Alt 1-3. A simple way to increase this gap is to normalize the period duration with the number of configured PUSCHs in a period in the HARQ ID calculation procedure, when the legacy CG procedure is used for the first PUSCH in a period (i.e., Alt-1-2). Another way is to adopt a more general approach and control the gap by an RRC parameter (i.e., Alt. 1-3). Obviously, Alt. 1-2 and Alt. 1-1 are special cases of Alt 1-3.
The underlying question is whether there a need for a general solution and hence Alt. 1-3. As we illustrate in the examples shown in Figure 1, for X values less than number of CG PUSCHs in a period, there is no motivation to adopt Alt 1-3 due to the same issue of reusing the same HARQ ID within a period. On the other hand, for X values larger than the number of CG PUSCHs in a period, it is not clear the additional gain of provided flexibility. 
Therefore, we suggest prioritizing Alt. 1-2. 
[bookmark: _Toc131763648]Support Alt. 1-2 for HARQ process ID determination of PUSCHs in multi-PUSCHs CG.
[image: ]
[bookmark: _Ref126695970]Figure 1: Illustrative examples of HARQ process ID determination using Alt. 1-1, Alt. 1-2 and Alt. 1-3 for multi-PUSCHs CG with periodicity of 6 slots, 3 PUSCH transmission occasions per period and nrofHARQ-ProcessesForPUSCH = 16. For Alt. 1-3, X=2 and X=5 are used for Configuration#1 and Configuration#2, respectively, 
2.1.3	FDRA and MCS design
With respect to FDRA and MCS determinations for multi-PUSCH CGs, the following was agreed last meeting:
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.

With respect to transmission parameters, the legacy configured grant principles for determination of FDRA and MCS should be reused as well. If any adaptation in resource allocation is needed, it is more reasonable to use MultiPUSCH based TDRA as discussed previously than introducing new FDRA and MCS determination schemes. This motivation for the design choice is equally valid for Type-1 and Typ2-2 multi-PUSCHs CG. Please note that the enhancements of these parameters for CG were discussed during XR SI in Rel-18 without any conclusion for consideration. Repeating similar discussions during the WI is not encouraged. 

[bookmark: _Toc131763649]The PUSCHs corresponding to a multi-PUSCHs CG apply the same FDRA and MCS index  for both Type-1 and Type-2 CG.

2.1.4	Other design topics
2.1.4.1	Frequency hopping and repetition
Regarding frequency hopping and repetition, we propose to use the same principle as multi-PUSCHs scheduling. The main reason is that enhancing these properties for configured grant is hardly justified if the corresponding properties are remained unchanged for dynamically scheduled multi-PUSCHs. The underlying need for any motivation to justify enhancements of any of these properties, can be addressed by using other existing tools for dynamic or configured grant based transmissions.
[bookmark: _Toc131763650]PUSCH repetition is not supported. The same redundancy version (i.e., RV=0) is applied for the configured grant PUSCHs.
[bookmark: _Toc131763651]PUSCH Intra-slot frequency hopping is supported. PUSCH Inter-slot frequency hopping is not supported.

2.1.4.2	Retransmission of multiple CG PUSCHs
There is a restriction on scheduling retransmissions by a multi-PUSCHs scheduling DCI when a configured grant is used for original transmission as reflected in the following agreement and corresponding description in the specification. Details on the related discussions is available in [5], Section 2.3, Issue#2.3-1. 
	Agreement (RAN1#108-e)
· When re-transmission of DL SPS is indicated by DCI format 1_1, the PDCCH indicates a TDRA row index including only one SLIV.
· When re-transmission of UL CG is indicated by DCI format 0_1, the PDCCH indicates a TDRA row index including only one SLIV.

	38.214, Clause 6.1.2.1
If a UE is configured with extendedK2 in pusch-TimeDomainAllocationListForMultiPUSCH in which one or more rows contain multiple SLIVs for PUSCH on a UL BWP of a serving cell, and the UE is indicated re-transmission of PUSCH by DCI format 0_1, where the PUSCH is correspond to a configured grant Type 1 or Type 2, the UE does not expect that the number of indicated SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH by the DCI is more than one.


Although, the above restriction was not necessary in Rel-17 and the issue under discussion could be handled by implementation, it was considered for simplicity. Regardless of the Rel-17 outcome, this restriction is not motivated for Rel-18 with the introduction of multi-PUSCHs CG. When the initial transmission of multiple TBs by multi-PUSCHs CG is failed and all/some of the TBs require retransmissions, the usage of multi-PUSCHs DCI for retransmission is reasonable, and should be allowed by specifications. Whether it is used or not, depends on the scenario, but disallowing the usage by specification is not justified. Therefore, we propose to relax this restriction in Rel-18.
[bookmark: _Toc131763652]Scheduling re-transmission of multiple TBs for corresponding initial transmission of the TBs by configured grant is supported for DCI format 0_1 scrambled with CS-RNTI.
2.2 Indication of unused CG transmission occasions
We discuss the design aspect corresponding to the following WID objective:
	-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1, RAN2);



In the following discussion, we use the following terminology for convenience.
[bookmark: _Toc127479410][bookmark: _Toc131763638]The term “UTO” refers to “unused transmission occasion(s)” and is used only for convenience in the discussion.
[bookmark: _Toc127479411][bookmark: _Toc131763639]The term “UTO-UCI” refers to “unused transmission occasion(s) indicated by uplink control information (UCI)” and is used only for convenience in the discussion.
The NW may provide configured grant resources to facilitate fast transmission of XR data traffic at the UE. To accommodate large and variable size of XR traffic and/or potential uncertainty in arrival time at the UE, large and/or frequent configured grant resources may be allocated that will be underutilized. Hence, this feature was motivated to enable a mechanism to inform the gNB in advance regarding the configured resources that will not be used by the UE for transmission. This information can be beneficial at the gNB for improve system resource utilization and reduce complexity by skipping blind detection when applicable. As stated in the WID, the feature enables transmission of the information as uplink control information (UCI) to indicate the UTO of the configured grant. Figure 2 shows an illustrative example of the feature. For convenience, we refer to this information as “UTO-UCI” in the discussion below.
[image: ]
[bookmark: _Ref127470312]Figure 2: Illustration of configured grant PUSCH with indicating UTO enabled
In our view, the following design aspects should be considered for this feature to operate properly. Moreover, based on the discussions last meeting, some agreements made that either provided a needed solution, or established a framework based on possible design choices to facilitate needed decisions:
· Content of UTO-UCI
· A framework was agreed based on consecutive or non-consecutive TOs.
· Physical channel carrying UTO-UCI
· It was agreed to be CG-PUSCH.
· Encoding and multiplexing of UTO-UCI
· It was agreed to be based on CG-UCI framework
· Signalling occurrence of UTO-UCI
· A framework categorizing different options was agreed
· Impacted procedures by signalling UTO-UCI
· Some topics were discussed
In the following, we discuss our view on the solutions needed for a complete design of the feature and corresponding remaining details. 
2.2.1	What information the UCI contains? (Content of UTO-UCI)
During the last meeting, the following agreement was made to categorize the options regarding the information provided by the UTO-UCI and the relationship with the affected CG PUSCH transmission occasions. 
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.

Indication of unused CG PUSCH TOs, is based on the availability of data at UE’s buffer. If the UE predicts or estimates a time duration that the data would not be available, the UE can determine that there would of no use of CG PUSCH resources due to absence during that time. On the other hand, if the data is available, the UE is expected to use the configured CG PUSCH resources for delivery of the data, Therefore, it is justified that the indicated unused CG PUSCH TOs to be consecutive. Consequently, the corresponding signalling design should enable such indications. 
It was discussed during the last meeting that capability to indicate non-consecutive CG PUSCH TOs, provides more flexibility. However, not only the use case to benefit from such flexibility is questionable as explained above, but also the corresponding design solutions can be unnecessarily more complicated than the case of indication of unused for consecutive TOs. Therefore, we propose to adopt Option 1 in the agreement from the previous meeting.
Regarding the two alternatives for the design for Option 1, in our view Option 1-2 is better aligned with the underlying design parameter, i.e.  an estimated/predicted time without incoming data to serve. Therefore, we propose further to adopt Option 1-2 for design.
Therefore, we propose the following:
[bookmark: _Toc131763653]For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the CG PUSCH TO(s) that can be indicated as “unused” are consecutive (i.e., Option 1 from agreement in RAN1#112) 
· [bookmark: _Toc131763654]The UCI provides a time duration that includes the consecutive TO(s) in time domain (i.e., Option 1-2 from agreement in RAN1#112) 

In the following, we describe the design details related to the UTO-UCI content to support a behaviour according to Option 1/Option 1-2.
In our view, the indicated UTO-UCI should provide a pattern that based on that, the gNB can determine the unused CG PUSCH resources. The proper approach to signal the pattern is to configure the UE with a list of candidate patterns. When the list is provided, the UE can select one of the patterns by signalling the index of the pattern in the list.  In this manner, the size of the pattern list determines the UTO-UCI signalling overhead which can be properly configured to meet the needed flexibility. Moreover, the configuration of the patterns, should be included per configured grant configuration IE for simple and scalable operation.  For applicability to multiple CG configurations, our views are explained in section 2.2.5.3.
Therefore, we propose the following:
[bookmark: _Toc127479428][bookmark: _Toc131763655]For a configured grant configuration, the UTO-UCI when indicated, provides a pattern that is used to determine the PUSCH resource(s) of the configured grant that the UE is not expected to use for transmission. 
[bookmark: _Toc127479429][bookmark: _Toc131763656]For a configured grant configuration, a new list (UTO table) is included in the configuration of the configured grant. The UTO table consists of a list of UTO patterns that the UE can select from. The UTO-UCI is an index to a row of the UTO table.


The structure of the pattern, the key design is to determine a time interval where the CG PUSCH resources within that time interval can be considered as “unused”. The options below achieve this goal and are based on the existing structures in the specification:
· Pattern consisting of offset and duration to determine a time-interval as shown in Figure 3 (similar structure as e.g., CG-COT-Sharing configuration)
· Pattern consisting of bitmap corresponding to a set of time-intervals as shown in Figure 4 (similar structure as e.g., pucch-sSCellPattern configuration)

[image: ]
[bookmark: _Ref127476870]Figure 3: Illustration of pattern based on offset and duration (Alt- A)
[image: ]
[bookmark: _Ref127476906]Figure 4: Illustration of pattern based on bitmap where a window of 5 TOs starts after the CG PUSCH including the UTO-UCI  (Alt- B)


Therefore, we propose to consider these structures to study the proper design for the patterns:

[bookmark: _Toc127479430][bookmark: _Toc131763657]For a configured grant configuration, the following options can be considered for design of the UTO pattern structure:
· [bookmark: _Toc127479431][bookmark: _Toc131763658]Alt-A: A UTO pattern indicates an offset and duration to determine a time interval. The UE is not expected to use the CG PUSCH TOs within the time interval for CG PUSCH transmission. 
· [bookmark: _Toc131763659]The offset determines the start of the window from the end of the CG PUSCH that carries the corresponding UTO-UCI indicating the UTO pattern.
· [bookmark: _Toc131763660]The duration determines the end of the window.
· [bookmark: _Toc127479432][bookmark: _Toc131763661]Alt-B: UTO pattern indicates a bitmap, each bit corresponding to a time interval or a set of consecutive TOs. The UE is not expected to use the CG PUSCH TOs within the time interval or the set of consecutive TOs corresponding to a bit in the bitmap with value ‘1’ (or ‘0’) for CG PUSCH transmission. The bitmap indicates consecutive ‘1’s (or ‘0’s), if any.
· [bookmark: _Toc131763662]Any two consecutive bits in the bitmap corresponds to two consecutive time intervals or two sets of back-to-back consecutive TOs
· [bookmark: _Toc131763663]The 1st time interval or set of consecutive TOs corresponding to the 1st bit in the bitmap start  from the end of the CG PUSCH that carries the corresponding UTO-UCI indicating the UTO pattern after an offset value. The offset is determined based on e.g., configuration or a rule. 
Note that a pattern can indicate “no unused PUSCH” as shown in the example above.
[bookmark: _Toc131763664]A UTO pattern can correspond to “no unused” configured grant PUSCH. 
Our view with respect to these options is that Alt-A is a simpler option and sufficient capability to serve the purpose and hence, is the preferred option:
[bookmark: _Toc127479433][bookmark: _Toc131763665]Prioritize Alt-A for design of the UTO pattern structure.
It is important to note that irrespective of the UTO pattern structure, the UE should provide consistent information when indicating UTO-UCI such that the provided information would be useful for the gNB. In case of changing the information providing by UTO-UCI, our views are explained in section 2.2.5.2.
[bookmark: _Toc131763666]The UE is expected to provide consistent information when indicating the UTO patterns.


2.2.3	How the UCI is sent? (Details of Encoding and multiplexing of UTO-UCI)
The following agreements were made during the last meeting,
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

In the following, we express our views on whether the UTO-UCI should be considered as a new UCI (Alt. 1), or extension of CG-UCI (Alt. 2) or repurposed version of CG-UCI (Alt. 3).
In our view, there is no reason to couple UTO-UCI and GC-UCI as they intend different functionalities. By considering the UTO-UCI as a new UCI, integration and interaction with other features would be simplified. In the following we explain how to consider UTO-ICI in presence or absence of CG-UCI if Alt-1 is adopted.
For encoding and multiplexing of UTO-UCI in CG PUSCH, the most straightforward approach is to reuse the existing procedures for corresponding to encoding and multiplexing of the CG-UCI in PUSCH. That means the following:
· PHY level priority:
· UTO-UCI priority has the same priority as the configured grant PUSCH.
· Encoding and Multiplexing:
· UTO-UCI multiplexing in CG PUSCH can be enabled by RRC configuration.
· UTO-UCI is jointly encoded with any other UCIs if present (i.e.  CG-UCI, HARQ-ACK, CSI) by applying the Rel-17 procedures for CG-UCI encoding with following adjustments:
· If CG-UCI is not present, UTO-UCI is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever present.
· If CG-UCI is present, the jointly encoded UTO-UCI and CG-UCI (by appending UTO-UCI to CG-UCI) is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever present.
· Encoded UTO-UCI with any other UCIs if present (i.e.  CG-UCI, HARQ-ACK, CSI), is multiplexed in CG PUSCH by applying the Rel-17 multiplexing procedures for CG-UCI multiplexing with following adjustments:
· Beta offset can be configured for UTO-UCI. 
· If CG-UCI is not present, the beta offset for UTO-UCI is used in the procedures instead of CG-UCI beta offset, when applicable.
· If UTO-UCI is jointly encoded with CG-UCI, the same beta offset is used in the procedures instead of CG-UCI beta offset, when applicable.

[bookmark: _Toc127479436]Based on the above discussion, we propose the following:
[bookmark: _Toc131763667]“The UCI that provides information about unused CG PUSCH transmission occasions” (i.e., UTO-UCI) is defined as a new UCI (Alt.1 is supported). 

[bookmark: _Toc131763668]For a configured grant configuration, UTO-UCI if present has the same priority as the configured grant PUSCHs. 
[bookmark: _Toc131763669]The existing CG-UCI encoding and multiplexing procedures are reused for encoding and multiplexing of UTO-UCI in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by apply the following adjustments:
· [bookmark: _Toc131763670][bookmark: _Toc127479438]If CG-UCI is not present and/or not multiplexed in PUSCH, UTO-UCI is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
· [bookmark: _Toc131763671]If CG-UCI is present and is multiplexed in PUSCH, the jointly encoded UTO-UCI and CG-UCI (by appending UTO-UCI to CG-UCI) is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever present.
· [bookmark: _Toc131763672]Beta offset can be configured for UTO-UCI and reused instead of beta-offset for CG-UCI, when applicable. 
· [bookmark: _Toc131763673]If CG-UCI is not present, the beta offset for UTO-UCI is used in the procedures instead of CG-UCI beta offset, when applicable.
· [bookmark: _Toc131763674]If UTO-UCI is jointly encoded with CG-UCI, the same beta offset is used in the procedures instead of CG-UCI beta offset, when applicable.

2.2.4	When the UCI is sent? (Signalling occurrence of UTO-UCI)
When a configured grant is enabled with UTO-UCI transmissions, it should be specified when the UE is expected to signal the UTO-UCI in configured grant PUSCHs. In that respective, the following agreement captures different solutions:
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.

 We assess how these options impact differently the following design factors: 
· Reliability of UTO-UCI detection
· gNB complexity due to blind detection and decoding
· Flexibility in indicating the unused configured grant PUSCHs based on incoming data

Please note that in the previous meeting, we had considered the impact of system throughput as an additional factor. Based on the discussions last meeting and relatively small size of UTO-UCI as compared to the XR packet size, this impact does not play a major role in comparison. We also believe that the misdetection at gNB side can impact the system performance applying any of these options. However proper assessment of the extent of such impact, requires system level simulations. At this stage, we believe other key factors can be considered for the assessment without being misled in proper direction.
In general, this feature is not an essential feature for operation and the level of flexibility it can offer, should not enforce unnecessary additional complexity. Otherwise, the usefulness of the feature would be questionable. Moreover, the offered reliability largely depends on the scenario. If the increased reliability by an option is at the price of increased gNB complexity, it is not worth it. For achieving the same goal, the NW can rely on other features. Therefore, the most important factor from our point of view is the gNB complexity.
The main contributor to gNB complexity is the hypotheses testing. The more hypotheses, the more complexity. Option 1/2/3 have the same level of complexity as compared to legacy for a CG PUSCH transmission occasion, in a sense that for any CG PUSCH TO there are two hypotheses for detection. However, for Option 4 the number of hypotheses increases: 
In a CG PUSCH TO if it is not already determined as unused:
· Option 1: For a CG PUSCH TO if it is not already determined as unused, there are two hypotheses to detect the presence of the CG PUSCH. A detected CG PUSCH also requires decoding of the UCI.
· Option 2/3: For a CG PUSCH TO if it is not already determined as unused, there are two hypotheses to detect the presence of the CG PUSCH. A detected CG PUSCH at a pre-defined/configured occasion, also requires decoding of the UCI. 
· Option 4: For a CG PUSCH TO in a period if it is not already determined as unused:
· if no CG PUSCH is already detected in that period, there are 4 hypotheses to detect a CG-PUSCH in that TO, basically to determine whether CG PUSCH is present and if it is present, whether it includes UCI.
· if a CG PUSCH is already detected in that period, there are two hypotheses to detect the presence of the CG PUSCH. 

Among the remaining options, Option 1 is the most robust option towards misdetection while in case of misdetection for Option 2/3 at configured/pre-determined occasions the indicated UCI is lost and of no use until the next opportunity. That may cause unnecessary blind detection attempts at the gNB in case the gNB has missed the indication of “unused “. Therefore, Option 1 has the most potential to reduce the complexity at the gNB and benefiting from the feature to reduce the blind detection attempts.
With respect to flexibility, Option 1 is the most flexible one since at any CG PUSCH TO the UE can indicate the information on “unused” TOs, if needed.  
The comparison between these options with respect to different criteria are summarized in Error! Reference source not found..
Table 1: Comparing different options from key design criteria
	Options
	Reliability
	gNB complexity
	Flexibility

	Option 1
	High
	Lowest
	Highest

	Option 2
	Medium
	Low
	Medium

	Option 3
	Medium
	Low
	Medium

	Option 4
	Low
	High
	High



Therefore, among the listed options, solutions based on Option 1, Option 2 and Option 3 are preferred with Option 1 being the most reasonable solution, while a solution based on Option 4 results in unnecessarily complexity at gNB, and hence not preferred.
Therefore, we propose the following:
[bookmark: _Toc131763675]For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, for the transmission occasion of the UCI, Option 4 is not supported.

[bookmark: _Toc131763676]For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, for the transmission occasion of the UCI, any transmitted CG PUSCH, includes the UCI (i.e., Option 1).

2.2.5	Other design topics
On addition to the core design, few design topics were discussed in the previous meeting. In the following we share our view on some these topics.
2.2.5.1	Timeline requirements
In the current specifications, there are procedures with involvement of configured grant that the corresponding behaviors are specified based on the assumption that the UE may use the configured grant for transmission.  By introducing “unused configured grant PUSCH transmission occasion”, this assumption is not applicable for the configured grant PUSCHs indicated to be unused.  Hence, the specified behaviors need to be revisited to determine whether the assumption of unused CG PUSCH impacts the specified procedures.
In the following, few behaviors we list few examples with respect to timeline constraint due to configured grant:
· Timeline constraints due to configured grant
· Per existing specifications, if scheduling a PUSCH overlaps with a configured grant PUSCH, in additional to the PUSCH processing timeline, an additional timeline should be met as shown in Figure 5.
· If the overlapping configured grant PUSCH is indicated as unused, the additional timeline is not applicable.
· Per existing specifications, If DL transmission is scheduled in the flexible symbols with configured grant PUSCH, additional timeline is specified to cancel PUSCH and receive DL transmission.
· If the configured grant PUSCH in flexible symbol is indicated as unused, the additional timeline is not applicable.

[image: ]
[bookmark: _Ref127483660]Figure 5: Illustration of timeline constraint for scheduling a PUSCH overlapping with a configured grant PUSCH
[bookmark: _Toc127479412]
Therefore, we propose:
[bookmark: _Toc131763677][bookmark: _Toc127479445]Revisit the existing timeline constraints due to configured grant PUSCH to ensure the corresponding constraints are not applicable when a configured grant PUSCH transmission occasion is indicated unused.

2.2.5.2	Overriding an “unused” indication
[bookmark: _Toc127479446]It was discussed during the last meeting the possibility of overriding the status of an already indicated CG PUSCH TO. More clearly there are two cases:
· Case 1: A previous UCI has indicated a CG PUSCH TO as NOT “unused”. Overriding means that a later UCI indicates the CG PUSCH TO as “unused”.
· Case 2: A previous UCI has indicated a CG PUSCH TO as “unused”. Overriding means that a later UCI indicates the CG PUSCH TO as NOT “unused”.

In our view, Case 1 should be already allowed with the basic feature such that the UE can update the information reflecting the lack of data when possible. Hence, Case 1 is not related to “overriding” action. On the other hand, Case 2 describes the scenario intended by overriding.
[bookmark: _Toc131763640]A previous UCI has indicated a CG PUSCH TO as “unused”. Overriding means that a later UCI indicates the CG PUSCH TO as NOT “unused”.

The motivation for overriding is that with arrival of new data, the UE realizes that the best transmission occasion to transmit the new data is already indicated as “unused”. In our view this scenario is not a common scenario for XR applications since the latency sensitive traffic is mostly predictable. However, if the overriding functionality is to be accommodated to perform the transmission, the gNB should be informed to expect a transmission on that CG PUSCH resource. Obviously, the impact of this change is not only on the detection hypotheses, but also on the resource management algorithms in case of plans for using the CG PUSCH resource for other purposes. Therefore, it is important that the UE follows certain principles and conditions to avoid arbitrary changes of its decisions with respect to usage of CG PUSCH transmission occasions. Otherwise, the support of overriding would lead to poor utilization of the resources and unnecessarily increased complexity at gNB.
It is obvious that the timing, commitment from the UE for transmission as well as simplicity are very important conditions. With respect to timing, it is well understood that the required time depends on the gNB implementation and hence, it should not be specified. Therefore, the flexibility should be provided for the gNB to configure a minimum required time that suits best for a certain operation. Moreover, UE’s commitment for data transmission in case of indicating overriding is crucial otherwise, the overriding procedures becomes too complicated to implement. That leads to needed considerations for design of the basic feature such that a simple upgrade to enable overriding is feasible. For example, we believe that if the UCI indicates “contiguous TOs (i.e., Option 1 design option for UCI content), or the UCI is indicated in every CG PUSCH (i.e., Alt .1 for timing of the UCI), addition of overriding on top of the basic feature would be simpler as compared to selecting other design choices.
Therefore, based on the above discussion, we propose the following:

[bookmark: _Toc131763678]Whether to support overriding is conditioned on satisfying at least the following design principles:
· [bookmark: _Toc131763679]Commitment to transmit: When a CG PUSCH TO is previously indicated “unused”, if a later UCI overrides the previous indication corresponding to the CG PUSCH TO, the UE shall “use” that CG PUSCH for transmission.
· [bookmark: _Toc131763680]Satisfying timeline: When a CG PUSCH TO is previously indicated “unused”, if a later UCI overrides the previous indication corresponding to the CG PUSCH TO, the time between the end of a CG PUSCH carrying the later UCI and the start of the overridden CG PUSCH shall not be less than a time duration provided by configuration.
· [bookmark: _Toc131763681]Simplicity: The key design choices regarding e.g., content and timing of UCI, should not complicate enabling overriding if supported.
· [bookmark: _Toc131763682]FFS on other conditions and disciplines from UE 

[bookmark: _Ref131617279]2.2.5.3	Applicability to multiple CG configurations
It was discussed whether the UCI indication for unused CG PUSCH resources could be applicable to multiple CG configurations. The proponents explained in the previous meeting that multiple CG configurations may share the same logical channel or data buffer. Hence, in case lack of incoming traffic, no transmission would occur on any of the resources of CG configurations.
 We understand the motivations by proponents to enable this capability. However, similarly to the previous discussion on overriding, the solution should not complicate the basic feature design. Therefore, discussions are needed to better understand whether it is beneficial to extend the feature for multiple CG configurations.
Therefore, we propose the following:
[bookmark: _Toc131763683]Whether to support capability of indication of unused CG PUSCH TOs for multiple CG configurations, study at least the following: 
· [bookmark: _Toc131763684]whether multiple CG configuration belong the same or different cells
· [bookmark: _Toc131763685]whether the key design choices regarding e.g., content and timing of UCI, complicates support of multiple CG configurations.
· [bookmark: _Toc131763686]Whether the UCI is carried by all CG PUSCHs associated to all the CG configurations or a sub-set of them.
· [bookmark: _Toc131763687]FFS on other conditions.

3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	Alt-A, Alt-B and Alt-C are comparable with respect to complexity and specification impacts are comparable, with slight differences.
Observation 2	The design choice should ensure the usefulness of the feature for realistic scenarios.
	For TDD operation, the UL opportunities occur in different slots, and typically, one CG PUSCH is used per slot.
	For proper resource management, there may be a need of different sizes of UL resources in different slots.
Observation 3	Alt-C2 provides the needed flexibility to make the feature useful for different scenarios, as oppose to Alt-A, Alt-B and Alt-C1 which inherit simplifications and restrictions by design.
Observation 4	The term “UTO” refers to “unused transmission occasion(s)” and is used only for convenience in the discussion.
Observation 5	The term “UTO-UCI” refers to “unused transmission occasion(s) indicated by uplink control information (UCI)” and is used only for convenience in the discussion.
Observation 6	A previous UCI has indicated a CG PUSCH TO as “unused”. Overriding means that a later UCI indicates the CG PUSCH TO as NOT “unused”.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Multi-PUSCHs scheduling by a single DCI in Rel-17 is considered as the baseline for the design of multi-PUSCHs CG in Rel-18 (i.e. Alt-C2).
Proposal 2	A row with multiple SLIVs of a TDRA table determines the SLIVs associated to the PUSCHs within a period of a multi-PUSCHs CG.
	Note: pdsch-TimeDomainAllocationListForMultiPDSCH-r16 is reused for the TDRA table as in Rel-17.
	Note: For activation/release of a Type-2 multi-PUSCHs CG, the time domain resource assignment field in the DCI format can indicate a row with multiple SLIVs as opposed to Rel-17.
Proposal 3	The activation/release DCI for Type-2 multi-PUSCH CG is based on the non-fallback DCI format 0_1.
Proposal 4	For HARQ process ID determination of multi-PUSCHs CG, prioritize Alt-1 and Alt-2 for further down-selection.
Proposal 5	For HARQ process ID determination of multi-PUSCHs CG, prioritize Alt-1 over Alt-2 for further down-selection.
Proposal 6	Support Alt. 1-2 for HARQ process ID determination of PUSCHs in multi-PUSCHs CG.
Proposal 7	The PUSCHs corresponding to a multi-PUSCHs CG apply the same FDRA and MCS index  for both Type-1 and Type-2 CG.
Proposal 8	PUSCH repetition is not supported. The same redundancy version (i.e., RV=0) is applied for the configured grant PUSCHs.
Proposal 9	PUSCH Intra-slot frequency hopping is supported. PUSCH Inter-slot frequency hopping is not supported.
Proposal 10	Scheduling re-transmission of multiple TBs for corresponding initial transmission of the TBs by configured grant is supported for DCI format 0_1 scrambled with CS-RNTI.
Proposal 11	For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the CG PUSCH TO(s) that can be indicated as “unused” are consecutive (i.e., Option 1 from agreement in RAN1#112)
	The UCI provides a time duration that includes the consecutive TO(s) in time domain (i.e., Option 1-2 from agreement in RAN1#112)
Proposal 12	For a configured grant configuration, the UTO-UCI when indicated, provides a pattern that is used to determine the PUSCH resource(s) of the configured grant that the UE is not expected to use for transmission.
Proposal 13	For a configured grant configuration, a new list (UTO table) is included in the configuration of the configured grant. The UTO table consists of a list of UTO patterns that the UE can select from. The UTO-UCI is an index to a row of the UTO table.
Proposal 14	For a configured grant configuration, the following options can be considered for design of the UTO pattern structure:
	Alt-A: A UTO pattern indicates an offset and duration to determine a time interval. The UE is not expected to use the CG PUSCH TOs within the time interval for CG PUSCH transmission.
	The offset determines the start of the window from the end of the CG PUSCH that carries the corresponding UTO-UCI indicating the UTO pattern.
	The duration determines the end of the window.
	Alt-B: UTO pattern indicates a bitmap, each bit corresponding to a time interval or a set of consecutive TOs. The UE is not expected to use the CG PUSCH TOs within the time interval or the set of consecutive TOs corresponding to a bit in the bitmap with value ‘1’ (or ‘0’) for CG PUSCH transmission. The bitmap indicates consecutive ‘1’s (or ‘0’s), if any.
	Any two consecutive bits in the bitmap corresponds to two consecutive time intervals or two sets of back-to-back consecutive TOs
	The 1st time interval or set of consecutive TOs corresponding to the 1st bit in the bitmap start  from the end of the CG PUSCH that carries the corresponding UTO-UCI indicating the UTO pattern after an offset value. The offset is determined based on e.g., configuration or a rule.
Proposal 15	A UTO pattern can correspond to “no unused” configured grant PUSCH.
Proposal 16	Prioritize Alt-A for design of the UTO pattern structure.
Proposal 17	The UE is expected to provide consistent information when indicating the UTO patterns.
Proposal 18	“The UCI that provides information about unused CG PUSCH transmission occasions” (i.e., UTO-UCI) is defined as a new UCI (Alt.1 is supported).
Proposal 19	For a configured grant configuration, UTO-UCI if present has the same priority as the configured grant PUSCHs.
Proposal 20	The existing CG-UCI encoding and multiplexing procedures are reused for encoding and multiplexing of UTO-UCI in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by apply the following adjustments:
	If CG-UCI is not present and/or not multiplexed in PUSCH, UTO-UCI is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
	If CG-UCI is present and is multiplexed in PUSCH, the jointly encoded UTO-UCI and CG-UCI (by appending UTO-UCI to CG-UCI) is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever present.
	Beta offset can be configured for UTO-UCI and reused instead of beta-offset for CG-UCI, when applicable.
	If CG-UCI is not present, the beta offset for UTO-UCI is used in the procedures instead of CG-UCI beta offset, when applicable.
	If UTO-UCI is jointly encoded with CG-UCI, the same beta offset is used in the procedures instead of CG-UCI beta offset, when applicable.
Proposal 21	For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, for the transmission occasion of the UCI, Option 4 is not supported.
Proposal 22	For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, for the transmission occasion of the UCI, any transmitted CG PUSCH, includes the UCI (i.e., Option 1).
Proposal 23	Revisit the existing timeline constraints due to configured grant PUSCH to ensure the corresponding constraints are not applicable when a configured grant PUSCH transmission occasion is indicated unused.
Proposal 24	Whether to support overriding is conditioned on satisfying at least the following design principles:
	Commitment to transmit: When a CG PUSCH TO is previously indicated “unused”, if a later UCI overrides the previous indication corresponding to the CG PUSCH TO, the UE shall “use” that CG PUSCH for transmission.
	Satisfying timeline: When a CG PUSCH TO is previously indicated “unused”, if a later UCI overrides the previous indication corresponding to the CG PUSCH TO, the time between the end of a CG PUSCH carrying the later UCI and the start of the overridden CG PUSCH shall not be less than a time duration provided by configuration.
	Simplicity: The key design choices regarding e.g., content and timing of UCI, should not complicate enabling overriding if supported.
	FFS on other conditions and disciplines from UE
Proposal 25	Whether to support capability of indication of unused CG PUSCH TOs for multiple CG configurations, study at least the following:
	whether multiple CG configuration belong the same or different cells
	whether the key design choices regarding e.g., content and timing of UCI, complicates support of multiple CG configurations.
	Whether the UCI is carried by all CG PUSCHs associated to all the CG configurations or a sub-set of them.
	FFS on other conditions.
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