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Introduction
The study of XR in NR started in Rel. 17 and continued in Rel. 18, followed by a new work item. The objectives of the work item on XR were defined [1]. The enhancements will be considered to achieve improved network capacity considering the characteristics of the XR traffics. In this contribution, we present several capacity enhancement techniques to support XR in NR more efficiently.
Characteristics of XR traffics
The traffics for XR applications were studied extensively during the study item phase in Rel. 17 [2]. XR applications impose high data rates both in downlink and uplink. The high data rates are originated from video and pose/control streams. The video streams are considered as quasi-periodic traffics. The video streams typically generate video frames at the rate of 60/90/120 fps. Each frame could arrive over a jitter window. The jitter could span over a [-4,4] ms window or even a larger window. In addition, the frame sizes could be large and vary. In order to carry the video streams in the network, each frame should be divided into smaller IP packets. All the IP packets should be received successfully to reconstruct the frame out of them. For typical XR applications, such as AR/VR, the packet delay budget (PDB) could be 10 ms, while typical cloud gaming applications require PDB of 15 ms. The pose/control streams generate less amount of traffic (e.g., 0.2 Mbps) but with more frequent packets, e.g., 250 fps and the PDB of 10 ms. Moreover, the XR applications would require supporting multi-stream traffics in uplink (UL) and downlink (DL).
Discussions
The dynamic scheduling could be utilized to deliver XR traffics in DL. The gNB can assign dynamic resources for the XR upon arrival of the traffic. However, the dynamic scheduling for XR UL traffic may increase the latency, as the UE needs to send a scheduling request (SR) and buffer status report (BSR) to be scheduled. Instead, the configured grant (CG) can be utilized to reduce the latency and signaling overhead by reserving periodic radio resources for UL transmissions. However, using the conventional CG for XR video traffics can reduce the system capacity significantly. This is due to the fact that a large number of PUSCH occasions should be reserved to compensate the jitter and varying frame sizes, while only a small portion of them would be used by the UE. In this regard, the following enhancements were considered [1]:
	-	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);



The rest of this section describes how these enhancements could be envisioned.
Multi-PUSCHs CG
Time domain resource allocations of CG PUSCHs
In RAN1#112 meeting, it was agreed to study the time domain resource allocations for multi-PUSCHs CG based on few alternatives, including the PUSCH repetition framework, NR-U operation, and single DCI scheduling multi-PUSCHs [3].
As mentioned in the previous section, the XR video frames arrive over a large jitter window of 8ms or longer. To ensure that a UE can start sending data immediately after the frame arrival, the UE can be configured with multiple PUSCH occasions. Since the jitter window is large, the PUSCH occasions should be spread over the jitter window. In this regard, there are few concerns that should be considered for designing the multi-PUSCHs CG. First, how to set the delay offsets between the consecutive PUSCH occasions. Second, what would be the case that a PUSCH occasion collides with a DL slot.
Using the repetition Type A (Alt-A1), Type B (Alt-A2), or Rel-16 single DCI scheduling multiple PUSCHs (Alt-C1) requires some modifications to introduce delay offsets between the consecutive PUSCH occasions. For instance, the offset values could be defined as a part of CG configuration. TDRA determination based on the NR-U framework (Alt-B) and Rel-17 single DCI scheduling multiple PUSCHs (Alt-C2) already support time offsets between the CG PUSCH occasions. The limitation of Alt-C2 is that the delay offsets between the consecutive PUSCH occasions are the same.
Since the CG PUSCH occasions are configured semi-statically, there is a chance that some of PUSCH occasions collide with DL slots. There are two approaches for handling such collisions. Either the PUSCH occasion is dropped or postponed to another slot. Dropping the collided PUSCHs occasion could be a simple approach. However, it could introduce large delays, unless the PUSCH occasions are over provisioned (e.g., Alt-B with a large M value). The other approach is to postpone a collided PUSCH occasion to the next available slot (e.g., similar to Type A repetition). This avoids imposing large delays due to the collisions.
Considering the alternatives, we think a flexible approach would be required to define time domain resource allocations for multi-PUSCHs supporting XR traffic. For instance, an activation DCI can contain a single time domain resource assignment field and an entry in the RRC parameter pusch-TimeDomainAllocationList has multiple time resource allocations. In addition, each PUSCH occasions can be deferred to a next available slot in case of collision with DL slot. The deferral of a PUSCH occasion could be limited until the next PUSCH occasion. A combination of Alt-A1 and Alt-C2 can provide these features for the time domain resource allocations for multi-PUSCHs CG. 
Proposal 1: A combination of Alt-A1 and Alt-C2 should be considered for designing the time domain resource allocations for multi-PUSCHs CG. An activation DCI can contain a single time domain resource assignment field and an entry in the RRC parameter pusch-TimeDomainAllocationList have multiple time resource allocations. Each PUSCH occasions can be deferred to a next available slot in case of a collision with DL slot.

Multi-PUSCHs CG configurations
In RAN1#112 meeting, it was agreed to further consider the parameters of multi-PUSCHs CG, including MCS and FDRA [3]. The multi-PUSCHs CG is mainly considered to compensate the varying delay of frame arrivals. When the UE initiates sending the data of a video frame using the CG PUSCH, the gNB can provide further resources dynamically if needed. In this regard, handling the jitter itself does not require to have different MCS or FDRA for multi-PUSCH occasions. Meanwhile, as a UE supports multiple CG PUSCH configurations since Release 15, we think different MCS or FDRA can be realized by multiple CG PUSCH configurations itself. For these reasons, a multi-PUSCHs CG can be defined using the same MCS and FDRA. This also simplifies the CG Type-2 configuration using the existing DCI format.
Proposal 2: The same MCS/FDRA parameters should be considered for a multi-PUSCHs CG.

HARQ process ID for Multi-PUSCHs CG
In RAN1#112 meeting, it was agreed to study and consider enhancements for determining the HARQ process ID for a multi-PUSCHs CG [3]. Generally, there are two approaches for assigning HP IDs to the multi-PUSCHs, either using the same HP ID for all the PUSCH occasions within a CG period or using different HP IDs for them. The limitations of using a single HP ID for all the PUSCH occasions are that only a single TB can be scheduled and the gNB may not be able to trigger the retransmission in time. On the other hand, using different HP IDs for each PUSCH occasion bring higher scheduling flexibility with the cost of using a higher number of HP IDs for a multi-PUSCHs CG that can impose restrictions on other CG configurations or DG. To address these issues, a CG configuration should reuse the dedicated/available HP IDs for the PUSCH occasions as much as possible. One solution to balance them is to reuse a HP ID after X number of occasions, in which is X is configured by the gNB considering the total number of PUSCH occasions and scheduling flexibility. This approach could work well for the case that PUSCH occasions are separated equally in time domain. However, this might not be a proper solution in case the delays between the PUSCH occasions are different. For such case, the gNB can define a minimum time period for the UE to reuse a HP ID. The UE can reuse the same HP ID for a PUSCH transmission if the minimum time period has passed.
Figure 1 illustrates an example of a CG with 8 PUSCH occasions. The delays between the consecutive PUSCH occasions are different. The UE is also configured with a minimum time period for reusing the HP ID. For each PUSCH occasion, the UE determines the lowest available HP ID. A HP ID can be reused only after the minimum time period has passed. This approach allows sharing the HARQ IDs among different CG configurations.
Proposal 3: To increase the HP ID utilization, a minimum time period should be defined for reusing the HP ID. The HP ID can be reused for a PUSCH occasions if the minimum time period has passed. 
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[bookmark: _Ref131458440]Figure 1. Illustration of using a minimum time period for reusing the HP ID.

Dynamic indication of unused CG PUSCH occasions
Carrying UCI in a PUSCH occasion
In RAN1#112 meeting, it was agreed that an unused indication of CG PUSCH occasions should be carried by a CG PUSCH. The unused indication could be considered as a new UCI (Alt.1), added as a new field to the CG-UCI (Alt.2), or replacing some of fields in the CG-UCI (Alt.3) [3]. Introducing a new UCI for the unused indication brings encoding and multiplexing complexities. On the other hand, introducing new fields to the CG-UCI or replacing some of fields of CG-UCI have less complexity. Among these alternatives, introducing the new fields is preferred as it does not sacrifice the other information carried by the CG-UCI.
Proposal 4: The unused indication of CG PUSCHs should be introduced as a new field to the CG-UCI.

PUSCH occasions for carrying the unused indication of CG PUSCHs
There are few options for the transmission occasions of the UCI unused CG PUSCH indication. The indication can be carried over all or few of PUSCHs in a CG period. The use of indication is mainly to inform the gNB regarding the PUSCH resources that will not be used by the UE, so the gNB can reschedule those for other traffics. Considering the processing time for decoding the unused indication and rescheduling of released PUSCH resources, the gNB may not benefit to receive unused indication over the last PUSCH occasions within a CG period. Hence, it is enough to carry the unused indication only over a selected number of PUSCH occasions. This depends on different parameters, such as, the number of CG PUSCHs, gNB’s processing time, and the information carried by the indication (the length duration or the number of unused PUSCH occasions). So, the gNB should indicate the candidate PUSCH occasions for carrying the unused indication, e.g., by RRC.
Proposal 5: The gNB should define the candidate PUSCH occasions for carrying the unused indication by RRC.

Information for unused indication of CG PUSCHs
In last meeting, different options were discussed for the information provided by the dynamic unused indication of CG PUSCHs. The indication could be in the form of a number of unused PUSCH occasions or a duration that PUSCH occasions will not be used. Before deciding the proper format, it should be clear whether the unused indication applies only to the PUSCHs belong to a single CG configuration or other CG configurations.
Proposal 6: It should be clear whether the unused indication is applicable to a single CG configuration or more CG configurations.
In our view, a UE can be configured with several CG configurations for a traffic. Hence, the unused indication should provide information regarding PUSCH occasions of all CG configurations. Considering that a UE can be configured with several CG configurations and each one can have multi-PUSCHs, reporting the number of unused PUSCH occasions or the duration can require a large number of bits. In addition, (re)activation of a CG during the unused generation might bring additional issues. On the other hand, reporting the duration interval(s) that PUSCH occasions will not be used require much less bits, reducing the overhead. To limit the required number of bits, the unused indication could be a bitmap to time intervals, configured by RRC, in which all the PUSCH occasions within the time duration will not be used.
Proposal 7: The unused indication of PUSCH occasions should be applied to all configured CGs. It should provide a bitmap to time durations, in which PUSCH occasions within them will not be used by the UE. 

Conclusions
In this contribution, we provide our view on techniques for supporting XR applications efficiently. We made following proposals.
Proposal 1: A combination of Alt-A1 and Alt-C2 should be considered for designing the time domain resource allocations for multi-PUSCHs CG. An activation DCI can contain a single time domain resource assignment field and an entry in the RRC parameter pusch-TimeDomainAllocationList have multiple time resource allocations. Each PUSCH occasions can be deferred to a next available slot in case of a collision with DL slot.
Proposal 2: The same MCS/FDRA parameters should be considered for a multi-PUSCHs CG.
Proposal 3: To increase the HP ID utilization, a minimum time period should be defined for reusing the HP ID. The HP ID can be reused for a PUSCH occasions if the minimum time period has passed. 
Proposal 4: The unused indication of CG PUSCHs should be introduced as a new field to the CG-UCI.
Proposal 5: The gNB should define the candidate PUSCH occasions for carrying the unused indication by RRC.
Proposal 6: It should be clear whether the unused indication is applicable to a single CG configuration or more CG configurations.
Proposal 7: The unused indication of PUSCH occasions should be applied to all configured CGs. It should provide a bitmap to time durations, in which PUSCH occasions within them will not be used by the UE. 
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Appendix
Here is the list of agreements made in RAN1#112.
 Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· [bookmark: _Hlk129702210]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
· [bookmark: _Hlk129792351]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
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.

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.

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

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.

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.
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