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

Note: Impacts to RAN3 will be assessed at RAN#99

In this contribution we provide our views on the open questions on enhancements for XR in Rel-18. 
PUSCH repetition
At RAN1 #113, the following was agreed:
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, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.


In above agreement, it is still open on whether repetition is supported for the Rel-18 XR multiple CG enhancements. Since repetition has been supported from Rel-15 for CG configuration, we propose repetition is supported for Rel-18 XR multiple CG enhancements as well. For licensed spectrum, the support can be through repetition factor through a RRC configuration, and HARQ redundancy version sequence [0 3] or [0 3 2 1] is used. 

Also the wording in. the highlighted part of “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.” is not completely clear, as the NR-U procedure has two parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, 
In the agreement only a single parameter N is introduced. To avoid any ambiguity, two options can be considered:

Option 1: introducing M as in the original feature lead proposal. {M,N} are mapped to { cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16} to minimize specification impact. To minimize implementation complexity, N = 1 should be agreed as part of the basic UE feature, and N>1 involves optional UE capability.

Option 2: when the NR-U procedures are applied for Rel-18 XR CG enhancement, it is assumed  cg-nrofPUSCH-InSlot-r16 = 1. 

We have 

Proposal 1: Consider the following two options to clarify the RAN1 #113 agreement:
Option 1: introducing M as in the original feature lead proposal. {M,N} are mapped to { cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16} to minimize specification impact. To minimize implementation complexity, N = 1 should be agreed as part of the basic UE feature, and N>1 involves optional UE capability.

Option 2: when the NR-U procedures are applied for Rel-18 XR CG enhancement, it is assumed  cg-nrofPUSCH-InSlot-r16 = 1. 

UTO-UCI signaling contents
At RAN1 #113, 4 options were agreed for down selection:
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


[image: A black and red arrow

Description automatically generated]
Figure 1 Option A-1a
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Figure 2 Option A-2a
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Figure 3 Option B-a
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Figure 4 Option B-b2


During Rel-17 and Rel-18 study on XR, as far as we are aware, only a single CG period was considered for adapting resource(s) for PUSCH. Hence the UTO-UCI signaling should be for a CG period. Additionally using multiple CG periods to serve traffic may be suitable for URLLC, but not suitable for XR as discussed at RAN1 #112bis-e and #113. We have
Proposal 2: UTO-UCI signaling is supported for a single CG period.

Among the 4 options, we prefer A-1a, which has the following benefits, the UTO-UCI bitmap size is fixed for a CG configuration. Note when the question on whether all transmitted CG PUSCHs should carry UTO-UCI was discussed, it was already decided the UTO-UCI signaling overhead is not an issue. Thus the deciding factors may include avoiding complicated design. Additionally for Options B-a and B-b2, the design to handle multiple CG configurations on the same cell will be very difficult, as potentially the resolution between two sliding windows of indicated TOs. 

We have 
Proposal 3: Adopt Option A-1a for UTO-UCI signaling. 

In some sense, the UTO-UCI indicates the buffer status for relevant traffic. UE is capable of estimating the number of TOs needed to carry packets for a traffic. However, it may not be able to predict its buffer status in the future. Creating a gap between UTO-UCI carrying PUSCH and the effective time of UTO signaling is not well justified, so the UTO offset is zero for options other than A-1a. We have
Proposal 3a: UTO offset is zero for A-2a, B-a and B-b2 if any of them is adopted.
Handling multiple CG configurations 
In general, within the same CG configuration, the information provided by UTO-UCIs should be consistent from transmissions at multiple occasions. When there are multiple CG configurations configured on the same cell, whether there is any dependence between UTO-UCI signaling on them needs to be decided, and whether the UTO signaling for one CG configuration affects PUSCH generation on another CG configuration needs discussion. We have 
Proposal 4: Discuss and decide whether there is any dependence between UTO-UCI signaling on them needs to be decided, and whether the UTO signaling for one CG configuration affects PUSCH generation on another CG configuration needs discussion.
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Figure 5 Can TO-1 and TO-3 be effectively converted to "Not unused"?


If UTO-UCI signaling are independent for different CG-configurations, while UE implementation flexibility is achieved, the resource sharing among different UEs may not be ideal and in the end this feature is likely to be deployed. Over a slot (say slot n) containing a TO (TO-1), the UE may indicate it as “unused” by a UTO-UCI (UTO-UCI-1) for one CG configuration (CG-1),  but there can be a later UTO-UCI (UTO-UCI-2) for another CG configuration (CG-2) indicates another TO (TO-1’) as “Not used”, and TO-1’ is also contained in in slot n. That is then similar to the case where a TO is indicated as “unused” by a UTO-UCI for a CG configuration on a cell, a later UTO-UCI for the same CG configuration  is allowed to revert the TO to “not unused”.

Providing consistent information from multiple occasions from different CG configurations can be supported by Alt. G-2 below. 

To handle overlapping TOs from multiple CG configurations on the same cell, broadly there can be two designs:
· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same cell including CG configurations on NUL and SUL. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same cell including CG configurations. 

Also there can be SUL and UL CG configurations on the same cell, behavior for the situation where SUL CG configuration and UL CG configuration are both configured can follow Alt. G-1 or Alt. G-2 above.


Proposal 5: regarding multiple CG configurations on the same cell, consider the following two options for UL, SUL or {NUL and SUL}:

· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same carrier. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same cell. 


Conclusion
In this contribution, we provide our views on enhancement for XR. We have 

Proposal 1: Consider the following two options to clarify the RAN1 #113 agreement:
Option 1: introducing M as in the original feature lead proposal. {M,N} are mapped to { cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16} to minimize specification impact. To minimize implementation complexity, N = 1 should be agreed as part of the basic UE feature, and N>1 involves optional UE capability.

Option 2: when the NR-U procedures are applied for Rel-18 XR CG enhancement, it is assumed  cg-nrofPUSCH-InSlot-r16 = 1. 

Proposal 2: UTO-UCI signaling is supported for a single CG period.

Proposal 3: Adopt Option A-1a for UTO-UCI signaling. 

Proposal 3a: UTO offset is zero for A-2a, B-a and B-b2 if any of them is adopted.

Proposal 4: Discuss and decide whether there is any dependence between UTO-UCI signaling on them needs to be decided, and whether the UTO signaling for one CG configuration affects PUSCH generation on another CG configuration needs discussion.

Proposal 5: regarding multiple CG configurations on the same cell, consider the following two options for UL, SUL or {NUL and SUL}:

· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same carrier. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same cell. 
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