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1. Introduction
There is an objective aiming to study enhancements using delay/deadline information to improve XR capacity for UL in Rel-19 XR Phase 3. In this contribution, we will analyse the motivation and benefit, and give our view on the potential enhancements.
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2.1 Scheduling enhancements in R18
It has been agreed to study scheduling enhancements using delay/deadline information to meet the delay requirements for XR in R19. The corresponding phase 3 objective is excerpted from [1] as below.
	-	Specify Enhancements for Scheduling, as follows: 
-	For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].


In fact, some related enhancements had already been studied and specified in R18. To help the network schedule the data on time, the gNB is made aware of the existence of delay-critical data via DSR, which is triggered when the remaining time of the packets is shorter than a configured threshold. With the awareness of the existence of delay-critical data, the gNB can schedule the data before the delay budget is exhausted. 
However, there is no corresponding scheduling enhancement mechanism to ensure that the delay-critical data are being scheduled in time. The enhancements on LCP is thus motivated such that in addition for in-time UL grant from the network, the delay-critical data can also be assembled in the UL grant and timely sent in the uplink.
Observation 1: R18 enhancements on DSR only get the gNB aware of the delay critical data, but lack of enhancements in LCP may prevent the timely transmission of delay critical data.
Besides, in R18, DSR can only report one single remaining time for each LCG, which is defined as the smallest remaining time among all the data buffered in the LCG. The delay status of the non-delay-critical data is not considered. This may make the gNB not aware of the status of the non-delay-critical data so that it cannot schedule the non-delay-critical data properly. The gNB may not get any information about the data until it becomes delay-critical, making the gNB have less time to schedule the data.
Observation 2: R18 enhancements on DSR only report one single remaining time for the LCG and does not include the information about the non-delay-critical data.
In the following sections, we will discuss the above issues in detail.
2.2 LCP enhancements
2.2.1 Legacy LCP procedure and its limitations
According to the existing LCP procedure, when a new transmission is performed, the MAC entity allocates the resources based on the LCP restrictions and LCH priorities. As illustrated in Fig.1, the MAC entity first selects the LCHs which satisfy the mapping restrictions to consider for the resource allocation. Then, the MAC entity allocates the resources among the selected logical channels based on the token bucket algorithm.
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Fig.1 LCP procedure.
Based on the above, the remaining time of the buffered data is not considered during the LCP procedure. This means that even if the gNB is aware of the delay-critical data and allocates a UL grant to the UE, as long as there is another selected LCH whose LCH priority is higher than the LCH containing the delay-critical data, the allocated grant may be occupied by the data from the higher priority LCH, making the delay-critical data further delayed, which is not as expected. 
A specific example is given in Fig.2. Assume there is delay critical data in LCH 2 which has a lower priority than LCH 1. When a UL grant is allocated by the network with the intention to serve the delay critical data in LCH 2, it is highly possible that the uplink grant will be consumed by the data from LCH 1 which has a higher LCH priority, even if the data in LCH 1 is not delay-critical. It may result in that the delay critical data finally exceeds its delay budget and becomes useless. 
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Fig.2 Example of data status.
Without LCP enhancements, delay-critical or non-delay-critical data are not differentiated during LCP procedure. There is nothing enabling the transmission of delay-critical data to be prioritized over the non-delay-critical data. The issue may even be more serious in the case of multi-modal XR since a multi-modal application would be associated with multiple QoS flows with different characteristics and QoS requirements which will be mapped to different DRBs, resulting in more LCHs with different LCH priorities even when a single application is running over the UE.
If the delay-critical data cannot be scheduled on time, the KPIs of the UE may not meet the requirement as a result and can adversely affect the end user experience. Moreover, the network capacity may also be affected since the number of satisfied UEs may decrease due to the poor user experience (and waste of radio resource in supporting those UEs with poor user experience). To avoid affecting the user experience and network capacity, the above issue should be resolved. 
Observation 3: Delay-critical data can be delayed due to the non-delay-critical data from LCHs with higher LCH priority when using the existing LCP procedure.  Such delay of the delay critical data can be resolved by prioritising the transmission of delay-critical data.
2.3 Potential enhancements
To address the issue, some potential LCP enhancements can be considered by RAN2 to prioritize delay-critical data when deciding on the LCH data to use DG/CG for new transmission. Based on the above analysis on the existing LCP mechanism, both aspects of LCP restriction and LCH priority can be taken into account, resulting in the following two alternatives:
· Alternative 1: Enhance LCP restriction.
A new LCP restriction can be adopted to constrain that only the LCHs with delay-critical data can be selected for the resource allocation. When the gNB allocates a UL grant to the UE while the UE has delay-critical data in the buffer to transmit, the UE will first select the LCHs with delay-critical data during LCP if indicated or configured to do so by the gNB. Based on this, the delay-critical data can be prioritized. 
An example can be found in Fig.3. Assume there are two LCHs while LCH 1 has a higher priority than LCH 2, and there are delay-critical data in LCH 2. Upon receiving the UL grant for new transmission, if according to the legacy LCP procedure, data from LCH 1 would be transmitted, while if the enhanced LCP restriction mechanism is applied, the delay-critical data from LCH 2 would be transmitted, as shown in the figure.
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Fig.3 Example for enhanced LCP restriction.
· Alternative 2: Enhance LCH priority.
The prioritization of the delay-critical data can also be achieved by adapting the LCH priority of the LCH depending on whether it has delay-critical data. For example, when there is delay-critical data in the LCH, the LCH priority can be increased and the increased level will be used to determine the LCH prioritization during the resource allocation. When there is no delay-critical data, the legacy LCH priority is used.
Fig.4 illustrates how the solution works. Assume LCH 1 is configured with the priority value equal to 2 while LCH 1 is configured with the priority value equal to 3. As specified in TS 38.321, LCH 1 has a higher priority level than LCH 2 (a higher value indicates a lower level). When there are data becoming delay-critical in LCH 2, the UE can increase the LCH priority level of LCH 2, e.g., adapt its priority value to 1. Then during the LCP procedure, the resource allocation will be determined based on the new priority, thus the delay-critical data from LCH 2 will be transmitted first.
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Fig. 4 Example for enhancing LCH priority.
Either of the two alternatives can prioritize the transmission of the delay-critical data. Considering there is concern on the complexity of LCP implementation in [1], as the quoted NOTE mentioned, we also evaluate the complexity of the above two alternatives.
	NOTE:	LCP implementation complexity need to be taken into account when evaluating solutions.


For both alternative 1 and alternative 2, the general procedures of LCP are not changed, i.e., the procedure still consists of two steps including LCH selection and resource allocation. Each of the alternatives only impacts one of the two steps without changing the logical mechanism.
· For alternative 1, the MAC entity still performs the LCH selection based on the configured mapping restriction. Only a new mapping restriction is added related to the availability of delay-critical data, and it should not complicate the MAC behaviour on the LCP restriction.
· Alternative 2 only impacts the determination of the LCH priority. The legacy LCP procedure of resource allocation can be totally reused. The MAC entity only needs to check which priority level should be used for the LCH before the resource allocation.
Both alternatives have minor spec impacts and UE behaviour changes. By adopting either of the two alternatives, it can be guaranteed that the delay-critical data would not be blocked by the non-delay-critical data so that the delay requirement can be met.
Observation 4: Delay-aware scheduling, to support delay-critical data prioritization, can be achieved with minor enhancements to LCP procedure, e.g., by enhancing either LCP restriction or LCH priority.
As DSR has already been supported in R18, RAN2 should continue to study enhancements to support delay-aware scheduling to make the mechanism effective for user experience and improve capacity.
Proposal 1: RAN2 to study potential LCP enhancements to prioritize the transmission of delay-critical data from the following alternatives:
· Alternative 1: Enhance LCP restrictions.
· Alternative 2: Enhance LCH prioritization.
2.3 DSR enhancements
According to TS 38.321, DSR is triggered when the smallest remaining time among all the data buffered for the LCG becomes below the pre-configured threshold. With the DSR MAC CE, the UE can report the smallest remaining time as well as the total data volume of the delay-critical data, where delay-critical data is defined as the data whose remaining time is smaller than the threshold.
Such mechanism only allows the gNB to get aware of the status of the delay-critical data. If there are also non-delay-critical data buffered for the LCG, the gNB cannot be aware of the delay status of such data. Moreover, if there is no BSR containing the information of the non-delay-critical data, the gNB even does not know the existence of the non-delay-critical data, so that it may not schedule the UE, making the non-delay-critical data delayed until it becomes delay-critical.
For example, if there is a UL AR traffic, whose periodicity is 16.67ms while the PSDB is 30ms according to TS 38.838, then it is highly possible that before the first data burst is completely transmitted (after regular BSR has been transmitted for the first data burst), the second data burst arrives. In this case, the arrival of the second data burst will not trigger the regular BSR (since it is from the same LCH of the same priority). When the first data burst becomes delay-critical, a DSR is triggered for the LCG. However, the status of the second data burst is not included in the DSR since it is not delay-critical. Upon receiving the DSR, the gNB allocates just sufficient resources to the UE to transmit the first data burst within its remaining time based on the remaining time and the data volume of the first data burst in the DSR. However, if neither periodic BSR nor padding BSR containing the second data burst is transmitted, the gNB is not aware of the second data burst at all, and it may not allocate additional resources for the second data burst. The second data burst will be delayed until its remaining time becomes smaller than the threshold so that another DSR can be triggered to report the status of the second data burst. The following figure illustrates the above procedures. 
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Fig. 5 Existing DSR provides limited information to the gNB.
The above results in making most of the data become delay-critical before transmitting it, leaving less time for the gNB to schedule it and also causes more DSRs to be triggered which can otherwise be avoided. If the radio link quality is not good enough or there is no sufficient resources within the remaining time, it is hard to guarantee the data being transmitted on time. 
Observation 5: Existing DSR providing only the buffer status information and the remaining time about the delay-critical data may not provide a full picture of the LCG configured for DSR to the gNB. This may result in more data in the LCG becoming delay-critical and more DSRs being triggered for the LCG which otherwise can be avoided.
To address the issue, one possible solution is to extend DSR to include not only the remaining time and buffer status of delay-critical data but also the buffer status and the remaining time of non-delay critical data e.g. the buffer status of the different data bursts for the LCG and their corresponding remaining time values.  With this new extended DSR, the gNB can then handle the scheduling of both the delay-critical data and non-delay critical data more efficiently.  
Proposal 2: RAN2 to study enhancements to DSR to allow the gNB to be additionally informed of the buffer status and remaining time of the non-delay-critical data for a LCG configured with DSR when the DSR is triggered.
3. Conclusion
In this contribution, we analyzed the potential aspects for scheduling enhancements using the delay/deadline information. The following observations and proposals were made:
Observation 1: R18 enhancements on DSR only get the gNB aware of the delay critical data, but lack of enhancements in LCP may prevent the timely transmission of delay critical data
Observation 2: R18 enhancements on DSR only report one single remaining time for the LCG and does not include the information about the non-delay-critical data.
LCP enhancements:
Observation 3: Delay-critical data can be delayed due to the non-delay-critical data from LCHs with higher LCH priority when using the existing LCP procedure.  Such delay of the delay critical data can be resolved by prioritising the transmission of delay-critical data.
[bookmark: _GoBack]Observation 4: Delay-aware scheduling, to support delay-critical data prioritization, can be achieved with minor enhancements to LCP procedure, e.g., by enhancing either LCP restriction or LCH priority.
Proposal 1: RAN2 to study potential LCP enhancements to prioritize the transmission of delay-critical data from the following alternatives:
· Alternative 1: Enhance LCP restrictions.
· Alternative 2: Enhance LCH prioritization.
DSR enhancements:
Observation 5: Existing DSR providing only the buffer status information and the remaining time about the delay-critical data may not provide a full picture of the LCG configured for DSR to the gNB. This may result in more data in the LCG becoming delay-critical and more DSRs being triggered for the LCG which otherwise can be avoided.
Proposal 2: RAN2 to study enhancements to DSR to allow the gNB to be additionally informed of the buffer status and remaining time of the non-delay-critical data for a LCG configured with DSR when the DSR is triggered.
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