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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);

In addition, we provide our view on the required RRC parameters to support the features above.
[bookmark: _Hlk510705081]Discussion
Multi-PUSCHs CG
Below, we discuss the remaining details related to multi-PUSCHs per CG period.

Repetition support for multi-PUSCHs CG
During RAN1#113 the following agreement was made:
	Agreement
For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.




From the agreement above, one issue whether the repetition is supported or not for multi-PUSCH CG is still open. It is worth to note, that multi-PUSCH CG is reusing the NR-U framework, where such feature already exists. In NR-U framework, multiple PUSCH CG also supports repetition type A. Thus, from specification point of view, supporting repetitions for multi-PUSCH CG in licensed band does not seem to be complicated. We propose not to make the limitation of the feature in licensed band as compared to unlicensed band unless there are technical concerns provided. 
Proposal 1: Support repetition type A for multi-PUSCH CG (type 1 and type 2) in licensed band similar to current specification of multi-PUSCH CG in unlicensed band.

UCI indication of unused CG PUSCH occasion(s)
What information UCI contains 
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, different QoS requirements 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 2: The indicated unused CG PUSCH TO(s) is for one CG configuration only.
Another open issue is 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 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). 
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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.

Proposal 3: Support the indication of CG PUSCH TO(s) over multiple CG periods, i.e., legacy CG configuration. 
In RAN1#113 the following agreement was made:
	Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations





Next, we discuss four different options agreed during RAN1#113 for the bitmap solution of UTO-UCI in terms of: (i) implementation complexity and (ii) specification impact.
Option A-1a: is a fixed window approach, where indication refers to the same set of transmission occasions inside UTO_period. At the start of the next UTO_period, the set of transmission occasions is updated and indication covers the new set. Until a new UTO_period, UTO-UCI will transmit the indication for the past transmission occasions (that is no longer of interest) as well as for the upcoming transmission occasions inside UTO_period. In case UTO_period does not cover all occasions where XR video frame may arrive (e.g., due to jitter or short window of UTO_period), gNB will not be able to receive the information about some of the transmission occasions until new UTO_period comes (see Fig.2a, indication for fixed window). If such transmission occasions will not be used, UTO-UCI will not be sent, thus gNB will not be able to re-use those resources. Additionally, if UTO_period is given in time unit (Alt-1), the number of bits for indication may vary from one UTO_period to another due to TDD configuration that has different number of UL occasions. This complicates the decoding, since gNB need to check the number of bits every UTO_period. If UTO_period is given in number of CG periods (Alt-2), then the mismatch between XR frame arrival and UTO_period will happen after some time (similar issue as in DRX). This will require additional efforts in aligning the periodicity of UTO_period with XR frame arrival.
Option A-2a: is a modification of fixed window approach Option A-1a. The difference is that Option A-2a does not send bits for the transmission occasions that are in the past. However, it still has a UTO_period and the indication for the transmission occasions after that UTO_period will be provided only when the previous UTO_period is over. In case first transmission occasion of the new UTO_period is unused, gNB will not get this information in time thus not re-using the resources. Overall, the drawbacks of Option A-1a related to UTO_period, varying bitmap size every UTO_period (if UTO_period is in time unit, Alt-1) or mismatch between UTO_period and XR frame arrival (if UTO_period is in number of CG periods, Alt-2) as well as missed indication for the unused occasions applies to Option A-2a. In addition to varying bits every UTO_period as in Option A-1a, the number of bits will be varying every UTO-UCI transmission. Therefore, among two options above, Option A-1a is easier to implement as compared to Option A-2a.
Option B-a: is a sliding window approach, where the indication refers to the next N transmission occasions inside UTO_period. The difference between Option B-a and Option B-b2 is in the additional parameter which is UTO_period. The motivation to define additional parameter UTO_period for sliding window approach is not clear. It creates the same problems of varying number of bits every UTO_period in case it is in time unit. 
Option B-b2: is a sliding window approach, where the indication refers to the next N transmission occasions. In this option, as opposed to Option A-1a and A-2a, gNB does not need to wait until a certain period is over to receive the indication. Thus, timely indication will help re-using the resources. Moreover, since there is no additional parameter called UTO_period (as in Option A-1a, Option A-2a, Option B-a), the number of bits is explicitly given without the need to calculate it every period. In addition, the size of bit map does not vary from one UTO-UCI to another, making it easier for decoding. At some point, sliding window may cover the transmission occasions that are in the next XR frame arrival and UE does not know the status of such transmission occasions (see Fig.2b, indication for sliding window). However, this is not an issue as UE is not forced to indicate the transmission is “unused” until it knows the status. Thus, the indication of “not unused” is applied (see Fig.2b, indication for sliding window) – which is based on the agreement, may or may not be used. Later, such indication is changed, if necessary, as per earlier agreement the overriding from “not unused” to “unused” is possible.
Observation 1: The parameter UTO_period in Option A-1a, Option A-2a, Option B-a:
· if UTO_period is given in time unit (Alt-1), the number of bits for indication may vary from one UTO_period to another due to TDD configuration that has different number of UL occasions, complicating the decoding of UTO_UCI.
· If UTO_period is given in number of CG periods (Alt-2), then the mismatch between XR frame arrival and UTO_period will happen after some time (similar issue as in DRX) for Options A-1a and A-2a.
· if UTO_period does not cover all possible transmission occasions of one XR video frame and the first transmission occasions in the next UTO_period are unused, gNB will not receive the timely indication about such occasions for Options A-1a and A-2a.

Observation 2: If sliding window covers the transmission occasions that are in the next XR frame arrival (UE does not know the status of such transmission occasions), the indication “not unused” is applied and changed whenever the information about the transmission occasions is available at UE side.

In Table 1, we compare four options in terms of: (i) required parameters to configure an option; (ii) number of bits every UTO-UCI indication; and (iii) need to check the changes in UTO-UCI indication every UTO-UCI reception/transmission at gNB/UE side.
Table 1. Comparison of four options for UTO-UCI bitmap solution.
	
	Option A-1a
	Option A-2a
	Option B-a
	Option B-b2

	Required parameters
	1. UTO_period
2. Number of bits in a bitmap is calculated from the number of valid occasions in UTO_period
	1. UTO_period
2. Number of bits in a bitmap is calculated from the number of valid occasions in UTO_period and after every CG PUSCH occasions carrying UTO-UCI
	1. UTO_period
2. Number of bits in a bitmap is calculated from the number of valid occasions in UTO_period
	1. Number of bits in a bitmap

	Number of bits every UTO-UCI indication
	Varying every UTO_period: gNB and UE need to check the number of TOs and bits every UTO_period
	Varying every UTO_period: gNB and UE need to check the number of TOs and bits every CG PUSCH occasion
	Varying every UTO_period: gNB and UE need to check the number of TOs and bits every UTO_period
	Fixed

	
	Shall cover all TOs until the next XR frame arrival
	Shall cover all TOs until the next XR frame arrival
	May be smaller than the number of TOs until the next XR frame arrival
	May be smaller than the number of TOs until the next XR frame arrival

	Need to check the changes in UTO-UCI indication every UTO-UCI reception/transmission at gNB/UE side
	Yes
	Yes
	Yes
	Yes



Observation 3: According to Table 1, Option A-1a, Option A-2a, Option B-a require (i) more parameters to be configured, (ii) varying number of bits in each UTO_period and/or every UTO-UCI transmission, and (iii) larger number of bits as compared to Option B-b2.

For Options A-2a, B-a, and B-b2, there is also an additional parameter called UTO_offset. This parameter is not necessary for the options to work. However, this parameter can be used to ensure that the indicated TOs can be reused by the gNB 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.
Proposal 4: UTO_Offset can be configured to ensure enough time for the gNB to reschedule the indicated unused TOs.


Next, we compare the options (fixed window vs sliding window) in terms of UE complexity for determining the content of UTO-UCI indication.
The possible difference from UE behavior/implementation perspective for fixed (e.g., Option A-1a) and sliding (e.g., Option B-b2) window approaches was discussed in the last meeting. In following we consider one simple approach on UE side for the determining UTO-UCI indication for a fixed window and for a sliding window. In both approaches, fixed and sliding, the UE operation in determining the UTO-UCI indication content can be similar. 
We assume for both cases that the UE has some knowledge of the UL XR traffic periodicity so that it can determine the expected arrival time of an XR frame (e.g., sub-frame of the next XR packet). This is the baseline assumption so that UE can make any indication for the TOs to be ‘unused’ for both approaches.
To simplify the UTO-UCI indication content determination for the UE, the UE could, while there is XR data in the UL buffer, report in UTO-UCI all TOs as ‘not unused’. I.e., UE would not do any decision or estimation of the possible ‘unused’ TOs while UE has XR traffic in UL buffer.
At the point, when the UL buffer is emptied of data, i.e., the remaining valid (in PDB) XR data currently in the UL buffer can be fit to next PUSCH TO, UE can evaluate whether it can change the indication of some TOs from ‘not unused’ to ‘unused’ in the UTO-UCI. For both fixed and sliding window approaches, UE would determine the amount of ‘unused’ TOs till the moment when next XR frame would be expected to arrive to the UL buffer. The UTO-UCI bitmap size determines the total extent of the indication in number of TOs/time i.e., ‘range’. If the number of TOs that could be indicated to be ‘unused’ based on the next XR frame arrival is larger than the remaining TOs in the indication ‘range’, UE could change all the remaining TO indications as ‘unused’. Figure 2 (a) below illustrates case when the UTO-UCI indication if the ‘range’ of UTO-UCI indication is shorter than time till next XR frame arrival, and all TO’s after the last TO with XR data could be indicated as ‘unused’ (changed from ‘not unused’ to ‘unused’). Figure 2 (b) illustrates the case when the UTO-UCI indication covers range beyond the next XR frame arrival, and UE could indicate the TOs before the next XR frame arrival (and after the previous) as ‘unused’. Remaining TO’s in the ‘range’, after the time of the next XR frame arrival, would be indicated as ‘not unused’. If needed UE could account some safety margin, e.g., due to jitter in tethering scenarios, and indicate conservatively less TOs as ‘unused’.
Based on the afore, there is no meaningful difference from UE complexity perspective for determining the UTO-UCI indication. 
Observation 4: There is no practical difference from UE perspective for UTO-UCI indication determination between fixed and sliding window approaches. 
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(b)


Figure 2. Illustration of UTO-UCI indication for fixed and sliding window approaches when (a) number of bits/TOs in UTO-UCI is shorter than XR frame period (b) number of bits/TOs in UTO-UCI is equal to XR frame period.

Proposal 5: Support Option B-b2 as the solution for UTO-UCI indication since it requires less parameters to configure, has a fixed bitmap size, provides a timely indication of “unused” occasions, and can be configured with smaller number of bits as compared to Options A-1a, A-2a, B-a. 

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 worth for further discussing is: what is the UE behaviour in case the CG PUSCH has to be cancelled/stopped when overlapping with other high priority channels? Taking Figure 3 below as an example where the CG PUSCH (supposed to carry the UTO-UCI) is with smaller PHY priority index, and there is one high priority PUSCH or DG PUSCH (with the same or larger PHY priority index) 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 3. 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 high priority channels can be from the same UE or a different UE. 
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 simply extending the existing procedure to UTO-UCI. Therefore, we propose:
Proposal 6: RAN1 to specify the way of handling the cancelled/dropped UTO-UCI transmission in a similar way as HARQ-ACK when the CG PUSCH (supposed to carry 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, the simplest way is to take the same process 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 7: 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. Two scenarios should be considered: (1) UTO-UCI and HARQ-ACK are with different PHY priorities; and (2) UTO-UCI and HARQ-ACK are with the same PHY priority.  In the 1st scenario where the UTO-UCI and HARQ-ACK are with different PHY priority index, separate coding should be always applied. 
Observation 5: UTO-UCI and HARQ-ACK are always separately coded if they are with different PHY priorities.
If UTO-UCI and HARQ-ACK are with different PHY priority, following the current specification, the one with smaller PHY priority index needs to be dropped when necessary.
Proposal 8: Dropping the one with smaller priority index if UTO-UCI and HARQ-ACK are with different PHY priorities.

As per agreements, the encoding and multiplexing rules for UTO-UCI are re-used from what is specified for CG-UCI. It is worth to note, that CG-UCI can or cannot be jointly encoded with HARQ-ACK. Different rules are specified depending on parameter cg-UCI-Multiplexing. If cg-UCI-Multiplexing is enabled, HARQ-ACK is jointly encoded with CG-UCI and multiplexed on CG-PUSCH, if cg-UCI-Multiplexing is not enabled, dropping rules will apply based on the priority index as specified in TS 38.213 Section 9. Therefore, for the UTO-UCI to follow the same rules we already agreed to follow, we need additional parameter UTO-UCI-Multiplexing to enable the UTO-UCI and HARQ-ACK multiplexing on CG-PUSCH.

Proposal 9: Introduce additional parameter UTO-UCI-Multiplexing to enable joint encoding of UTO-UCI and HARQ-ACK and multiplexing on CG-PUSCH similar to cg-UCI-Multiplexing parameter.

Another aspect worth to discuss and clarify is related to how to handle the dropping in scenario (2) where cg-UCI-Multiplexing is not provided and CG PUSCH and the HARQ-ACK are with the same priority. Following the current specification, when cg-UCI-Multiplexing is not provided, both CG-UCI and CG PUSCH will be dropped and HARQ-ACK is sent over a PUCCH or another PUSCH. Dropping both CG-UCI and the corresponding CG PUSCH in case with unlicensed band operation works well since it does not make any sense to transmit only one. Although UTO-UCI is not really linked with CG PUSCH as CG-UCI, still the simplest solution is to follow the same way as handling CG-UCI, i.e., dropping UTO-UCI in a similar way as CG-UCI and keeping HARQ-ACK transmitted. One potential drawback of this approach is that gNB may not get the latest status of UL resource usage and therefore the unused CG PUSCH occasions could be wasted. However, considering UTO-UCI can be included in every CG PUSCH that is transmitted, it is possible that dropping UTO-UCI does not bring any noticeable performance degradation. Based on this, we propose:

Proposal 10: When joint encoding is not configured, always dropping UTO-UCI if UTO-UCI and HARQ-ACK are with the same PHY priority and one of them has to be dropped.

RRC parameters
Below, in Table 2, we provide our view on the RRC parameters that are required according to the agreements.











Table 2. RRC parameters.
	Feature
	Parameter
	Description
	Related agreement

	multi-PUSCHs CG (CG PUSCH configuration with multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration)
	RRC parameter
	New parameter, to configure Number of slots per CG period in ConfiguredGrantConfig information element (e.g., cg-nrofSlots-r18 similar to existing cg-nrofSlots-r16). The range still needs to be discussed.
	Agreement (RAN1#113)
For time domain resource allocation for multi-PUSCH CGs, support
• For TDRA determination (based on NR-U framework)
o For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
§ Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
• It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
o For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
§ Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
• It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
• N is configured by higher layers
• A single SLIV is determined from TDRA.
o The SLIV used for 1st PUSCH per CG period.
• PUSCH is used in each of N consecutive slots per CG period
• Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
• To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
o For the first PUSCH in the period, follow the legacy procedures.
o For remaining PUSCHs in the period
§ ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.

	UTO-UCI (UCI that provides information about unused CG PUSCH transmission occasions)
	RRC parameter
	New parameter (e.g., uto-uci-OnPUSCH) as part of ConfiguredGrantConfig information element, to indicate that UTO-UCI is enabled or not.
	Agreement (RAN1#113)
Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
• FFS on whether/how to extend to multiple CG configurations

	UTO-UCI (UCI that provides information about unused CG PUSCH transmission occasions)
	RRC parameter
	New parameter (e.g., cg-UTO-UCI-Multiplexing-r18) as part of ConfiguredGrantConfig information element, to indicate joint encoding of UTO-UCI and HARQ-ACK
	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, whichever is present.

	UTO-UCI (UCI that provides information about unused CG PUSCH transmission occasions)
	RRC parameter
	New parameter (e.g., betaOffsetCG-UTO-UCI-r18) as part of ConfiguredGrantConfig information element, to configure the beta offset for UTO-UCI.
	• For determining the beta-offset,
o Beta offset is configured for the “UTO-UCI”. 
§ 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.
§ If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset

	UTO-UCI (UCI that provides information about unused CG PUSCH transmission occasions)
	RRC parameter
	New parameter as part of ConfiguredGrantConfig information element, to configure the length of bitmap. The range is still open for discussion
	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.



Proposal 11: Consider RRC parameters provided in Table 2.

Conclusion
In this contribution, we discussed the solutions related to XR-specific capacity enhancements.
The following observations have been made:
Observation 1: The parameter UTO_period in Option A-1a, Option A-2a, Option B-a:
· if UTO_period is given in time unit (Alt-1), the number of bits for indication may vary from one UTO_period to another due to TDD configuration that has different number of UL occasions, complicating the decoding of UTO_UCI.
· If UTO_period is given in number of CG periods (Alt-2), then the mismatch between XR frame arrival and UTO_period will happen after some time (similar issue as in DRX) for Options A-1a and A-2a.
· if UTO_period does not cover all possible transmission occasions of one XR video frame and the first transmission occasions in the next UTO_period are unused, gNB will not receive the timely indication about such occasions for Options A-1a and A-2a.

Observation 2: If sliding window covers the transmission occasions that are in the next XR frame arrival (UE does not know the status of such transmission occasions), the indication “not unused” is applied and changed whenever the information about the transmission occasions is available at UE side.
Observation 3: According to Table 1, Option A-1a, Option A-2a, Option B-a require (i) more parameters to be configured, (ii) varying number of bits in each UTO_period and/or every UTO-UCI transmission, and (iii) larger number of bits as compared to Option B-b2.
Observation 4: There is no practical difference from UE perspective for UTO-UCI indication determination between fixed and sliding window approaches. 
Observation 5: UTO-UCI and HARQ-ACK are always separately coded if they are with different PHY priorities.

The following proposals have been made:
Proposal 1: Support repetition type A for multi-PUSCH CG (type 1 and type 2) in licensed band similar to current specification of multi-PUSCH CG in unlicensed band.
Proposal 2: The indicated unused CG PUSCH TO(s) is for one CG configuration only.
Proposal 3: Support the indication of CG PUSCH TO(s) over multiple CG periods, i.e., legacy CG configuration. 
Proposal 4: UTO_Offset can be configured to ensure enough time for the gNB to reschedule the indicated unused TOs.
Proposal 5: Support Option B-b2 as the solution for UTO-UCI indication since it requires less parameters to configure, has a fixed bitmap size, provides a timely indication of “unused” occasions, and can be configured with smaller number of bits as compared to Options A-1a, A-2a, B-a. 
Proposal 6: RAN1 to specify the way of handling the cancelled/dropped UTO-UCI transmission in a similar way as HARQ-ACK when the CG PUSCH (supposed to carry 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 7: Mapping UTO-UCI bits to the UCI sequence before mapping HARQ-ACK bits when UTO-UCI and HARQ-ACK are jointly encoded.
Proposal 8: Dropping the one with smaller priority index if UTO-UCI and HARQ-ACK are with different PHY priorities.
Proposal 9: Introduce additional parameter UTO-UCI-Multiplexing to enable joint encoding of UTO-UCI and HARQ-ACK and multiplexing on CG-PUSCH similar to cg-UCI-Multiplexing parameter.
Proposal 10: When joint encoding is not configured, always dropping UTO-UCI if UTO-UCI and HARQ-ACK are with the same PHY priority and one of them has to be dropped.
Proposal 11: Consider RRC parameters provided in Table 2.
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