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Introduction
In this contribution we present our views on 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
Below, we discuss details related to multi-PUSCHs per CG period, i.e., TDRA and HARQ process ID determination.

TDRA for multi-PUSCHs CG
During RAN1#112 and 112-bis-e the following agreements were made:
	Agreement (RAN1#112)
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters

Agreement (RAN1#112b-e)
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
-	FFS: How to address TDD configuration issue



Three alternatives were chosen in RAN1#112b-e. Alt-A1 and Alt-B are the solutions that configure multiple slots per CG period by higher layers. We propose to jointly discuss Alt-A1 and Alt-B as they both consider configuring multiple slots per CG period by higher layers as Alt-A1/B. The number of occasions per slot can be separately discussed. Finally, Alt-C provides the TDRA via a DCI and re-uses the dynamic grant approach of multi-PUSCH scheduling with single DCI.
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 additional 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 considered, we will need another framework for supporting Type 1 CG configuration. That, in addition to approach adopted for unlicensed band, will lead to various solutions for the same feature, which is not practical. 
Another difference between Alt-A1/B and Alt-C is that the latter allows configuring different SLIVs for each slot per CG period, while Alt-A1/B assumes the same SLIV for all slots. It is not clear, how different SLIVs for each slot are beneficial for XR operation given that the exact frame size will be unknown to gNB when it configures CG. We also note, that different FDRA was not supported during RAN1#112 with the arguments that is not possible to identify the exact FDRA per each occasion in CG configurations in advance since a packet size is unknown. In our view, the same applies to different SLIV over different occasions, where optimizing e.g., length of an occasion will not be feasible due to lack of information about traffic during CG operation. Therefore, complicating the configuration by setting different SLIV for every PUSCH is not motivated.
Observation 1: Alt-C framework (TDRA determination based on single DCI scheduling multiple PUSCHs) is only applicable to 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: It is not feasible to optimize SLIV when CG configuration is decided as there is not enough information about traffic (i.e., the exact frame size) at that point. Therefore, supporting different SLIVs for each slot as in Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) is not motivated. 
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-A1/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 propose to adopt Alt-B, TDRA determination based on NR-U framework, to support multi-PUSCHs per CG period. One difference between Alt-A1 and Alt-B is the number of occasions per slot supported. We propose to separately discuss this item.
Proposal 1: Consider NR-U framework to support multi-PUSCHs per CG period in licensed band. 
· FFS: Number of occasions per slot.

Another issue raised during RAN1#112 and #112b-e 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 it is still possible to transmit over consecutive available slots (e.g., UL slot). In that case, depending on the slot counting approach (e.g., counting each slot) with max 40 slots per CG period as per current RRC specification, TDD structure DDDSU, and 30 kHz, it is possible to transmit over 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, it is possible to 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 counting 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 counting available slots only (e.g., UL slots) and can support transmission over consecutive available 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 consecutive available slots.
Proposal 2: To transmit over consecutive available slots 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 determination for multi-PUSCHs CG
In RAN1#112b-e the following agreement was made:
	From RAN1 perspective, for determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (Working Assumption) The HARQ process ID of the remaining configured/valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.




Below, we discuss a number of FFSs that need to be resolved from the agreement above. 
First, is the FFS related to the parameter X, particularly whether X should be inside or outside floor operation. For further discussion we assume X is the number of PUSCHs per CG period, X>1, offset1= 0, offset2 = 0, no harq-ProcID-Offset2. Therefore, the equations for the HARQ ID of first PUSCH in a period are as following, where X is inside and outside floor operation:
HARQ Process ID = [floor(X*(CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
HARQ Process ID = X*[floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes

To identify the potential mismatch in HARQ IDs among two different variants (X is inside or outside floor operation), we calculated HARQ IDs over multiple cases with the following parameters:
Table 1: Parameters for HARQ process ID calculation.
	Number of symbols per slot = 14

	TDD configuration: DDDSU

	SCS = 30 kHz

	X = from 2 to 8 PUSCHs per CG period

	CG period = X*5*14 symbols

	PUSCH starts at the first symbol of the UL slot

	Precision = 32 digits



As a result, among 1024 SFNs, our calculation did not show any mismatch among two variants (X is inside or outside floor operation). Therefore, we propose to leave X inside floor operation as initially proposed unless proponents of X outside floor operation show the example where such mismatch occurs.
Observation 5: Based on calculation of HARQ process IDs for a number of cases with the parameters given in Table 1, no mismatch between two variants (X is inside or outside floor operation) was observed.
Proposal 3: Confirm that in HARQ process ID determination formula, X is inside floor operation unless the example where a mismatch/error occurs is provided.

Second FFS is whether X=1 or X= the number of configured PUSCHs in one CG period. In case X = 1, some of HARQ IDs among two neighboring periods will be the same, thus creating problems if ReTx of the TB is required. Thus, we propose to keep X = N of PUSCHs per CG period.
Third FFS is whether Y = 1 or a value larger than 1, e.g., Y = 2, where Y is the value determining the increment of HARQ ID for the remaining configured/valid CG PUSCHs in the period. If Y is larger than 1, then the issue with the same HARQ IDs across neighboring CG periods will happen. As mentioned above, this case is not preferred and thus, we propose that Y = 1.
Next FFS item is related to parameters offset1 and offset2. The intention of these offsets as per discussions during 112b-e is to avoid assigning HARQ ID for the unused occasions and increasing the gap between occasions with the same HARQ IDs. If such offsets are considered, gNB will need to make further calculations and distinguish between different cases: unused occasion, occasions that collided with higher priority data, or occasion that did not transmit TB and/or UCI successfully. The proposed approach will create additional complexity and, moreover, ambiguity at gNB side, potentially leading to mismatch of HARQ IDs at UE and gNB side. The latter is a more serious problem than a small gap between HARQ IDs that can be eliminated by appropriate number of HARQ IDs for UE. Moreover, the solution will require dynamically indicating the offset, as offset will vary every time from one period to another. All the above create unnecessary complications to HARQ ID determination process.
Therefore, we propose to set offset1 = 0 and offset2 =0 and increment HARQ ID for every configured/valid TO as per agreement above.
Proposal 4: For HARQ process ID determination formula in multi-PUSCH CG support the following:
· X = the number of configured PUSCHs in one CG period.
· Y = 1, where Y is the value determining the increment of HARQ ID for the remaining configured/valid CG PUSCHs in CG period.
· offset1 = 0 and offset2 = 0.

We also would like to confirm the working assumption and determine the HARQ IDs for the next configured/valid TOs by incrementing by one. Mutli-PDSCH scheduling with single DCI proposes similar solution with only difference that the HARQ ID for the first occasion is signaled by DCI and in the current case it supposed to be derived based on formula above.
Proposal 5: Confirm the working assumption for HARQ process ID determination and support incrementing HARQ IDs for the next configured/valid TOs by one.
Finally, when RAN1 finalizes the discussion on HARQ ID determination for multi-PUSCH CG it shall send an LS to RAN2.
Proposal 6: RAN1 sends an LS to RAN2 with its view on HARQ process ID determination for multi-PUSCH CG.





UCI indication of unused CG PUSCH occasion(s)
What information UCI contains 
In RAN1#112 and 112b-e the following agreements were made:
	Agreement (RAN1#112)
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.

Agreement (RAN1#112b-e)
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
Agreement (RAN1#112b-e)
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.




In this subsection, we will further discuss the open issues especially related to FFS points from previous RAN1 meetings. One of the open items is whether the unused TO(s) can be associated with multiple CG configurations. It is still not clear to us the necessity of supporting such indication for unused TO(s) from multiple CG configurations. In our understanding, multiple CG configurations is mainly targeted for different services which can be with different periodicities, different resource size, different LCH mapping restriction, different packet arrival time and so on. There is no clear benefit to link the resource usage of different CG configurations since other CG configuration may not have such problem of variable packet size. Moreover, considering the previous RAN1 discussion that multiple CG PUSCH occasions from one CG configuration is mainly targeted for XR traffic with large PDU set, we do not see the need to support the indication of unused TO(s) associated to multiple CG configurations. 
Proposal 7: The indicated unused CG PUSCH TO(s) is for one CG configuration only.
Another open issue is related to the text in bracket, i.e., whether the unused CG PUSCH TO(s) for a CG configuration can be limited to one CG period only. In our view, this may bring unnecessary restriction for the solution design. Considering XR video frame transmission with UL CG PUSCH resources, certainly one possibility is delivering such video frame data with multi-PUSCH occasions in a CG period, where CG periodicity can be configured according to the XR traffic periodicity. On the other hand, it is also possible to achieve the same goal with a shorter CG periodicity and the XR video frame can be transmitted over multiple CG periods, where one occasion per CG period is configured as per legacy CG, illustrated in Fig. 1. At least in this case, the UTO-UCI should be able to be used to indicate the unused CG PUSCH occasions in the following up CG period(s). From design point of view, it does not matter whether each bit in a bitmap solution corresponds to occasions in one CG period, or to occasions that are spread across multiple periods (one occasion per period as in Fig.1). 
[image: ]
Figure 1. XR video frame transmission over: (i) one CG period – three occasions in a CG period; and (ii) three CG periods – one occasion per CG period.
In addition, even without the bracket text “[in one CG period]”, the gNB is still able to configure the UE to indicate the unused CG PUSCH TO(s) in one period only by configuration. Based on this, we propose:
Proposal 8: Do not limit the indication of CG PUSCH TO(s) to one period only. 

Related to the next FFS point “Details including time duration/range”, in our view, number of bits corresponds to the number of occasions in a bitmap solution. Therefore, defining extra time duration is unnecessary as it can be directly calculated from the TDD configuration, SCS, and number of bits, which corresponds to the number of occasions.
Observation 6: Defining extra time duration in the bitmap solution for UCI indication of unused resources is unnecessary as it can be directly calculated from the TDD configuration, SCS, and number of bits in a bitmap, which corresponds to the number of occasions.
Therefore, it is important to decide on the number of bits in a bitmap solution as the next step. In our view, UCI indication can have a fixed number of bits (e.g., N =5) or number of bits can be RRC configured (e.g., N = 1, 2, 3, 4, 5, …, N_max). 
Proposal 9: For a UCI indication, decide the number of bits in a bitmap solution for UTO-UCI. Consider the following options:
· Number of bits is fixed and equal to N. FFS: exact value for N.
· Number of bits is RRC configured and equal to N = 1, 2, 3, 4, 5, …, N_max. FFS: exact value for N_max.

It also may be worth considering whether the indicated TO can be reused by the gNB or not, based on the time needed for transmission of the UTO-UCI and processing time at gNB, rescheduling, UE processing of UL grant and UL PUSCH preparation in order to utilize that TO. Thus, the time required for the indication UCI, gNB processing and rescheduling and finally the scheduled UE to transmit can be translated to the minimum timeline, after which the indication may be defined. For example, when a UE needs only one TO for its transmission, then whether the following few TOs should be indicated or not, regardless of whether those could be reassigned by the gNB or not, could be discussed. It may be an unnecessary overhead if all unused TOs are indicated without considering the reusability of such resource based on the indication UTO-UCI. The minimum time after which the indication duration/range starts may be communication as part of CG configuration.
Therefore, for a UCI indication, it is further important to decide the time relation between bits and occasions they correspond to. There are at least two possible approaches: 
(i) the first bit in a bit map corresponds to the next occasion after the occasion that transmitted UCI;
(ii) the first bit in a bit map corresponds to the occasion that is Delta (where delta can be e.g., number of TOs) after the occasion that transmitted UCI. 

The benefit of Approach (ii) over Approach (i) is that it gives more time for gNB to reuse the resources if the first bit in a bitmap indicates that the occasion is unused. Delta will provide a necessary gap between indication of the unused TO and that particular TO that will allow gNB to reuse the resources. It can be up to gNB to select the appropriate value for delta among RRC-based values.
Proposal 10: For a UCI indication, decide a time relation between bits and occasions these bits correspond to. Consider the following options:
· The first bit in a bit map corresponds to the next occasion after the occasion that transmitted UCI;
· The first bit in a bit map corresponds to the occasion that is Delta (where delta can be e.g., number of TOs) after the occasion that transmitted UCI. FFS: exact values for Delta.


When UCI is sent
In RAN1#112b-e the following agreement was made:
	Agreement (RAN1#112b-e)
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



Based on the agreement above, UTO-UCI is sent in every CG PUSCH that is transmitted. One aspect to further discuss is: what is the UE behaviour in case the CG PUSCH has to be cancelled/stopped in case overlapping with other high priority channels? Taking Figure 2 below as an example where the CG PUSCH (supposed to carrying the UTO-UCI) is with low PHY priority, and there is one high priority PUSCH or DG PUSCH (with the same or higher PHY priority) is overlapping with the CG PUSCH. Following the current specification, UE will stop/cancel the transmission of the low priority CG PUSCH on which the UTO-UCI is supposed to be delivered. 
[image: ]
[bookmark: _Ref134516855]Figure 2. Example of UTO-UCI dropping due to intra-UE prioritization.
To increase the possibility of rescheduling the unused CG PUSCH resource, it is beneficial for the gNB to receive such information as early as possible. And hence, how to avoid dropping UTO-UCI should be discussed in RAN1. At least the following options can be considered:
· Option 1: multiplexing UTO-UCI on high priority channel. For example, following the same/similar procedure as multiplexing low priority HARQ-ACK on overlapping high priority PUCCH/PUSCH. This option applies to the scenarios where there are overlapping UL channels of the same UE and intra-UE multiplexing/prioritization is needed. 
· Option 2: Another way is enabling gNB to explicitly request UTO-UCI report for example with DCI similar as Type 3 HARQ-ACK. This option applies to the scenarios where the overlapping UL channels can be from the same UE or a different UE. Intra-UE multiplexing/prioritization or inter-UE prioritization is needed in order to deliver the high priority information.
No matter with Option 1 or Option 2, the specification already supports similar operation for HARQ-ACK. So, the specification work could be rather small, just extending the existing procedure to UTO-UCI. Therefore, we propose:
Proposal 11: RAN1 to specify the way of handling the cancelled/dropped UTO-UCI in a similar way as HARQ-ACK when the CG PUSCH (suppose carrying UTO-UCI) overlapping with other high priority UL channel(s). Different options can be considered, e.g.,:
•	Option 1: multiplexing UTO-UCI on high priority channel; 
•	Option 2: enabling gNB to explicitly request for example one-shot UTO-UCI report with DCI.

How UCI is sent 
In RAN1#112b-e the following agreements were made:
	Agreement (RAN1#112b-e)
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” and applied when applicable. 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset, when applicable.
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset

· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



As indicated in the above agreement, the framework of UTO-UCI transmission is basically reusing the specified scheme for CG-UCI. In this subsection, we will discuss the remaining two open issues: (1) sequence generation order between UTO-UCI and HARQ-ACK in case HARQ-ACK is presented; (2) dropping rule in case separate coding applies to UTO-UCI and HARQ-ACK. 
For the 1st open issue, in case UTO-UCI bits and HARQ-ACK bits are jointly coded, similar as handling CG-UCI (details in Clause 6.3.2.1.4 in TS 38.212), first mapping UTO-UCI bits to the UCI bit sequence, then HARQ-ACK bits.
Proposal 12: Mapping UTO-UCI bits to the UCI sequence before mapping HARQ-ACK bits when UTO-UCI and HARQ-ACK are jointly encoded.
The 2nd open issue is about the dropping rule between UTO-UCI and HARQ-ACK when joint coding is not configured. One aspect worth to clarify is the PHY priority of UTO-UCI and HARQ-ACK when joint coding is not configured. It is our understanding that if UTO-UCI and HARQ-ACK are with the same priority and both present, they are always jointly coded. Separate coding is applied if they are with different PHY priority. 
Observation 7: UTO-UCI and HARQ-ACK are always jointly coded if they are with the same priority.
If UTO-UCI and HARQ-ACK are with different PHY priority, following the current rule, the one with lower priority needs to be dropped when necessary.
Proposal 13: When joint coding is not configured, dropping the one with low priority.

Other
One of the issues opened in the previous RAN1 meetings is UCI overriding. Due to various reasons for example e.g., 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 CG period. In this case, one possible solution is that UE indicates to the gNB that all the configured CG PUSCH TO(s) in the bitmap 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 the following proposal:
Proposal 14: Overriding previous indication from used to unused is allowed.
FFS: Overriding a previous indication from unused to used.

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 to 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: It is not feasible to optimize SLIV when CG configuration is decided as there is not enough information about traffic (i.e., the exact frame size) at that point. Therefore, supporting different SLIVs for each slot as in Alt-C (TDRA determination based on single DCI scheduling multiple PUSCHs) is not motivated.
Observation 3: In Alt B (TDRA determination based on NR-U framework), by transmitting over available slots and continue counting each slot, it is possible to 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 counting available slots only (e.g., UL slots) and can support transmission over consecutive available UL slots in Alt-B (TDRA determination based on NR-U framework).
Observation 5: Based on calculation of HARQ process IDs for a number of cases with the parameters given in Table 1, no mismatch between two variants (X is inside or outside floor operation) was observed.
Observation 6: Defining extra time duration in the bitmap solution for UCI indication of unused resources is unnecessary as it can be directly calculated from the TDD configuration, SCS, and number of bits in a bitmap, which corresponds to the number of occasions.
Observation 7: UTO-UCI and HARQ-ACK are always jointly coded if they are with the same priority.

The following proposals have been made:
Proposal 1: Consider NR-U framework to support multi-PUSCHs per CG period in licensed band. 
· FFS: Number of occasions per slot.

Proposal 2: To transmit over consecutive available slots 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 3: Confirm that in HARQ process ID determination formula, X is inside floor operation unless the example where a mismatch/error occurs is provided.
Proposal 4: For HARQ process ID determination formula in multi-PUSCH CG support the following:
· X = the number of configured PUSCHs in one CG period.
· Y = 1, where Y is the value determining the increment of HARQ ID for the remaining configured/valid CG PUSCHs in CG period.
· offset1 = 0 and offset2 = 0.

Proposal 5: Confirm the working assumption for HARQ process ID determination and support incrementing HARQ IDs for the next configured/valid TOs by one.
Proposal 6: RAN1 sends an LS to RAN2 with its view on HARQ process ID determination for multi-PUSCH CG.
Proposal 7: The indicated unused CG PUSCH TO(s) is for one CG configuration only.
Proposal 8: Do not limit the indication of CG PUSCH TO(s) to one period only. 
Proposal 9: For a UCI indication, decide the number of bits in a bitmap solution for UTO-UCI. Consider the following options:
· Number of bits is fixed and equal to N. FFS: exact value for N.
· Number of bits is RRC configured and equal to N = 1, 2, 3, 4, 5, …, N_max. FFS: exact value for N_max.

Proposal 10: For a UCI indication, decide a time relation between bits and occasions these bits correspond to. Consider the following options:
· The first bit in a bit map corresponds to the next occasion after the occasion that transmitted UCI;
· The first bit in a bit map corresponds to the occasion that is Delta (where delta can be e.g., number of TOs) after the occasion that transmitted UCI. FFS: exact values for Delta.

Proposal 11: RAN1 to specify the way of handling the cancelled/dropped UTO-UCI in a similar way as HARQ-ACK when the CG PUSCH (suppose carrying UTO-UCI) overlapping with other high priority UL channel(s). Different options can be considered, e.g.,:
•	Option 1: multiplexing UTO-UCI on high priority channel; 
•	Option 2: enabling gNB to explicitly request for example one-shot UTO-UCI report with DCI.

Proposal 12: Mapping UTO-UCI bits to the UCI sequence before mapping HARQ-ACK bits when UTO-UCI and HARQ-ACK are jointy encoded.
Proposal 13: When joint coding is not configured, dropping the one with low priority.
Proposal 14: Overriding previous indication from used to unused is allowed.
FFS: Overriding a previous indication from unused to used.
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