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Introduction
According to the description of Rel-18 study item on NR enhancements for XR [1], RAN2 should study how radio resources for XR services can be improved:
	3. Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



During RAN2 #119e, the following agreements have been reached to identify the main directions of potential enhancements for capacity improvement in this SI:
	RAN2 #119e Agreements
1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).
1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.




In this paper, we present our views on potential enhancements that RAN2 can consider to facilitate more efficient resource utilization that takes XR characteristics into account.
Discussions
Views on Multi-PxSCH Scheduling
In RAN1#109-e, RAN1 has reached the following agreements relating to XR-specific capacity enhancement:
	Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to support of multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique

Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based dynamic scheduling/grant transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to extending capability of single DCI scheduling multi-PDSCHs/PUSCHs for FR2-2 to FR1/FR2.
· Note: whether and how to discuss enhancements may depend on the outcome of Rel-17 B52.6G UE feature discussion
· Study enhancements related to HARQ-ACK and/or CBG transmissions for single DCI scheduling one or multi PDSCH(s).
· Study enhancements related to allowing different configurations per PDSCH/PUSCH
· Study enhancement related to scheduling request and/or BSR with the focus on L1 enhancements.
· Note: Other studies are not precluded as well as the combination of the above studies.
· Follow the common principle for assessment of the candidate capacity enhancement technique.




It is clear that multi-TB scheduling is an area that RAN1 will further study. Multi-TB scheduling basically means that a single uplink grant or a single DL resource assignment can be used to allocate a group of multiple independent PUSCH and PDSCH respectively.   The intention of Multi-PxSCH is mainly to deal with XR traffics with variable and potentially large sizes. In particular, when a large trunk of packet arrives, it is desirable to schedule multiple resources at once in order to accommodate the large amount of data. From our point of view, Multi-PxSCH is particular useful for the PDU Set concepts of XR where all PDUs in the PDU set have the same requirement. Since multiple transmission opportunities (i.e. a PxSCH cluster) are scheduled at once for one PDU set, this is can be deemed as a PDU set level scheduling. This is shown in Figure 1:
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Figure 1 An illustration of PxSCH cluster allocation for transmission of a PDU Set.
Note that Figure 1 is just an illustration, the mapping relationship between a PDU and a PxSCH within the cluster is not necessarily one-to-one. 
Since scheduling of multi-PxSCH is being studied by RAN1, we think RAN2 can wait until further RAN1 conclusions are made in this regard.
Proposal 1: RAN2 should wait for RAN1’s conclusion on Multi-PxSCH allocation, before considering any RAN2 impacts in this regard.

One main direction that is being investigated is CG/SPS with multiple TB in each periodic cycle. That is, in every CG/SPS occasions, multiple PUSCH/PDSCH are provisioned so data packets with larger sizes can be handled. Since the packet size varies from time to time for XR use cases, and the packet may arrive quite late due to jitter, it is questionable whether this is an efficient approach as very likely only a subset of PsSCH in many of the CG/SPS occasions will be used for transmission, which leads to resource wastage and therefore contradicts to the WI objective. 
Observation 1: Due to the varying packet size and jitter, CG/SPS with multiple PUSCH/PDSCH in each cycle may not be resource efficient.

Thus, if any CG/SPS-based multi-PxSCH enhancement is to be considered, we think the gNB can simply indicate in a DCI to instruct how many consecutive CG/SPS occasions the UE should “temporarily” activate, in order to accommodate the packet in the buffer. Note that a set “consecutive CG/SPS occasions” is virtually the equivalent to a multi-PxSCH allocation (especially if the CG/SPS periodicity is configured to be sufficiently short, which can be managed by gNB implementation). This is akin to Type-2 CG, but the key difference is that, the UE deactivates the CG/SPS autonomously (without further instruction from the gNB) after an indicated number of CG/SPS occasions have been activated. As the gNB knows how much data it intends to transmit on DL, and how much data the UE intends to transmit on UL (based on BSR), it can indicate the number of required consecutive CG/SPS accordingly. This is shown in Figure 2:
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Figure 2 Multi-PxSCH allocation based on dynamic indication of number of consecutive CG/SPS occasions to be activated.
It is also worth noting that, since each PxSCH is seen as an independent transmission opportunity, each of them is associated to a particular HARQ process. With the mechanism described above, we believe the specification impact is much less as this is based on the existing CG/SPS framework where the HARQ PID determination for each CG/SPS occasion is well defined, and therefore we do not need to refine HARQ process determination for each TB allocation in a PxSCH cluster. 
Proposal 2: If CG/SPS-based enhancement for multi-PxSCH allocation is to be considered, the gNB can dynamically provide an indication of the number of consecutive CG/SPS occasions (based on the existing CG/SPS framework with single PUSCH/PDSCH per cycle) to be activated by the UE.

Considerations of Configured Grant Timer with DRX
For the objective of XR-specific power saving, during RAN2#119e a few companies have mentioned that HARQ retransmissions may be disabled for CG, such that the UE does not need to wake up for potential retransmission grant after each CG PUSCH transmission when the UE in in DRX OFF-duration [2][3]. This ensures the UE can stay in inactive mode longer in order to save power.
Certainly, it is beneficial for UE power saving as the UE does not need spend energy for HARQ operations when it is in inactive mode. Nevertheless, at the same time, in such cases we think the functionality of configured grant (CG) timer seems to become useless/needless, if the UE is not expected to wake up in DRX OFF-duration. The purpose of starting a CG timer with a PUSCH is to ensure that the MAC PDU can be “protected” in the HARQ process while the CG timer is running. Therefore, as the UE is not allowed to use CG resources with the same HARQ process for new transmission, the stored MAC PDU will not be over-written. 
Thus, if HARQ retransmission for a CG configuration is disabled and we do not expect the UE to wake up for retransmission grant relating to the HARQ process of this CG configuration in DRX OFF-duration, then it is unnecessary to run the CG when the UE is in inactive. In fact, if some CG timer started before entry to DRX ON-duration continue to run in the DRX OFF-duration, some new transmission may be unnecessarily blocked on the CG resources, which results in unnecessary latency for UL pose information. This is indeed undesirable as UL pose information have requirements similar to URLLC according to the endorsed TR draft [4]. On the other hand, if the UE is in active mode, running the CG timer is still helpful for the UE to perform retransmission, as the UE would monitor PDCCH in DRX ON-duration anyway and so it is able to perform retransmission if needed. The concerned scenario is illustrated in Figure 3:
[image: Timeline

Description automatically generated]
Figure 3 An illustration of impacts of CG timer operations if HARQ retransmission is not expected in DRX OFF-duration. 

Observation 2: If HARQ retransmission is not expected to be performed when the UE is in DRX inactive mode for the sake power saving:
· CG timer operations (starting/running) are still needed when the UE is in DRX active mode, as it will anyway monitor PDCCH for potential retransmission grant;
· CG timer operations (starting/running) are unnecessary when the UE is in DRX inactive mode, they may even negatively impact the performance of UL pose information.
In light of the observation above, we think it makes sense if RAN2 can consider how CG timer-related behaviors based on whether the UE is in DRX active mode or inactive mode. For example, if HARQ retransmission is not expected to be performed when the UE is in DRX inactive mode, the UE should just stop the running CG timer when entering the DRX OFF-duration.
Proposal 3: RAN2 may consider some new CG timer related behaviors based on DRX operation of the UE. For example, the UE may stop the running CG timer upon entry to inactive mode if HARQ retransmission is not expected to be performed in DRX OFF-duration.

Conclusions
This contribution provides some of our views on some potential enhancements to facilitate better resource utilization from RAN2 perspective. In particular, we have observed the following:
Observation 1: Due to the varying packet size and jitter, CG/SPS with multiple PUSCH/PDSCH in each cycle may not be resource efficient.
Observation 2: If HARQ retransmission is not expected to be performed when the UE is in DRX inactive mode for the sake power saving:
· CG timer operations (starting/running) are still needed when the UE is in DRX active mode, as it will anyway monitor PDCCH for potential retransmission grant;
· CG timer operations (starting/running) are unnecessary when the UE is in DRX inactive mode, they may even negatively impact the performance of UL pose information.

Based on these observations, we have the following proposals:
Proposal 1: RAN2 should wait for RAN1’s conclusion on Multi-PxSCH allocation, before considering any RAN2 impacts in this regard.
Proposal 2: If CG/SPS-based enhancement for multi-PxSCH allocation is to be considered, the gNB can dynamically provide an indication of the number of consecutive CG/SPS occasions (based on the existing CG/SPS framework with single PUSCH/PDSCH per cycle) to be activated by the UE.
Proposal 3: RAN2 may consider some new CG timer related behaviors based on DRX operation of the UE. For example, the UE may stop the running CG timer upon entry to inactive mode if HARQ retransmission is not expected to be performed in DRX OFF-duration.
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