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1. Introduction

In this contribution we discuss enhancements to the uplink scheduling for XR traffic. A detailed look is taking to the  logical channel prioritization (LCP) procedure.

2. [bookmark: Proposal_Beacon]Discussion

The Rel-19 Work Item on XR Phase 3 was agreed in RP-240791.
	The Rel-19 XR Phase 3 objectives are as follows:
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].




Legacy LCP procedure
The current LCP procedure is comprised of a LCH selection part and a part where UL resources are allocated to the LCHs which were selected in the LCH selection part. The set of LCHs which are allowed to map data to an UL resource is determined by the configured LCH restrictions, i.e. only those LCHs which are satisfying all the configured LCH restrictions are considered for the subsequent resource assignment/multiplexing part. In the second part of the LCP procedure UL resources are allocated to the LCHs selected in the first part in a strict priority order starting with the highest priority LCH. UE shares UL resources among the selected LCHs based on the LCH priority and the prioritized bit rate configured for a LCH. The idea behind prioritized bit rate is to support for each logical channel, including low priority non-GBR (Guaranteed Bit Rate) bearers, a minimum bit rate to avoid a potential starvation. Each bearer should at least get enough resources to achieve the prioritized bit rate (PRB). The second part of the LCP procedure (assigning UL resources to the selected LCHs) is generally specified as a “two-step” procedure. In the first round/step the LCHs are served (in decreasing priority order starting with the highest priority logical channel) up to their configured PBR (implemented by means of a token bucket model). In the second round of the LCP if any uplink resources remain (after meeting the PBR of the LCHs in the first round), all the logical channels are served in a strict decreasing priority order (regardless of the value of the bucket) until either the data for that logical channel or the UL grant is exhausted. Currently the remaining delay of a data packet is not considered during the LCP procedure. 
Observation 1: Current LCP procedure considers only LCH priority and PBR (if configured for a LCH) for assigning UL resources to the LCHs which are allowed to map data to the UL grant. Remaining delay is not considered when distributing UL grant resources to the LCHs. 
Many of the XR and CG use cases are characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict PDU set/packet delay budget (PSDB/PDB).  In order to support a sufficiently high capacity, i.e. number of served UEs which fulfil the service requirements, it is important to ensure that packets/PDU sets are received within the associated PDU set/packet delay budget, e.g. PSDB.  Since application layer doesn’t benefit from packets which are received beyond its PSDB, e.g. packets are dropped, it’s of vital importance that data packets are successfully received within the associated delay boundaries. 
Given that the LCP procedure prioritizes data of different LCHs only based on the associated static LCH priority, it may happen that UE is unable to transmit data of a lower priority LCHs having a small remaining delay within its PDSB/PDB requirements if there is also data of a higher priority LCH pending in UEs buffer for transmission. Even though the higher priority data may have a large remaining delay and hence there is sufficient time for the transmission of the data, UE will prioritize the high priority data and potentially not assign any UL resources to the lower priority data which is close to its delay boundary. This may in turn result in PDUs /PDU sets being discarded. UL transmissions which have been already carried out for PDUs of a PDU set which is finally discarded due to exceeding its PSDB have a negative impact on the system capacity.
Observation 2: Since current LCP does not consider the remaining delay of data but only the associated LCH priority, it may happen that UE is not able to transmit data of a PDU set which is close to its delay boundary if the data is of a lower LCH priority and if there is higher priority data in the UE buffer even though having a large remaining delay. 
In Rel-18 the delay status reporting (DSR) procedure was introduced to provide the serving gNB with delay status information of the LCGs. When the remaining time of a SDU becomes smaller than a configured threshold remainingTimeThreshold, UE triggers a DSR and provides gNB with the remaining time information (smallest remaining time) and the amount of delay-critical data pending in the UE buffer. The DSR procedure is a useful improvement to allow for an enhanced uplink scheduling of XR services considering the delay constraints. 

Even though the DSR procedure is already a tool to improve the uplink scheduling efficiency and also the uplink capacity, the full potential will be only exploited if also the LCP procedure considers remaining delay/time of the data. When using the legacy LCP procedure, it may still happen that UE can’t transmit the complete delay-critical data – reported in a DSR - on the UL resources allocated by the gNB in response to the reception of the DSR MAC CE, if there is higher priority data sitting in UEs’ buffer which is not delay-critical (and hence not being reported within the DSR MAC CE).  
Observation 3: The full potential of capacity improvements can be only exploited when LCP procedure also considers the remaining time/delay of data prioritization together with DSR procedure. 
We think that similar to the DSR procedure also the LCP procedure should take into account the remaining delay/time of data pending for transmission in order to determine the priority order in which LCH data are multiplexed on the UL resources. It should be for example ensured that delay-critical data – as reported in a DSR - is prioritized during LCP and multiplexed on the UL grant resources. The main benefit when considering the remaining time of data is that the LCP procedure is not static like in the legacy when only LCH priority (partially also PBR) is used as a parameter for determining the priority order, but the priority of the data is rather adapted depending on the urgency/ remaining time. 
Proposal 1: RAN2 to agree that enhanced LCP procedure is introduced which considers also remaining delay/time of the data. 

Enhanced LCP procedure
The general design aim should be that the LCP procedure allows to prioritize delay-critical data with a short remaining delay/time over higher priority data which is not delay-critical. It should be of course ensured that the high priority data can be still delivered/transmitted within its PDSB/PDB even if the lower priority delay-critical data is prioritized. The are different ways of how to take remaining delay of a data packet into account during LCP. 
Based on earlier proposals for XR Rel-18 we could identify the following different options: 
One approach would be to prioritize data which is close to its delay boundary, e.g. remaining delay being lower than a threshold, over data of other LCHs, e.g. DRBs, regardless of the LCH priority. UE would first multiplex the delay-critical data into a TB and assign any remaining resources according to the legacy LPC procedure. 
In a second approach, the LCH priority could be adapted based on the remaining delay time of data within the LCH. UE may for example increase the priority of a LCH in case the remaining delay/time of data of this LCH is becoming lower than a threshold. Legacy LCP procedure would be applied with LCH priorities determined based also on the remaining time of the data.
Another approach would be to define a “multiplexing priority” per packet which is based on the corresponding LCH priority and remaining delay associated with a packet. LCP is done based on packet priority rather than based on LCH priority.  
Each of the different options have their own pros and cons. Obviously the specification impact will be also different depending on which option/approach is taken. We think that the detailed solution requires further discussion once it is agreed that LCP should also consider remaining delay. 
Proposal 2: RAN2 to discuss further the detailed enhanced LCP procedure, e.g. adapting LCH priority based on remaining time or multiplexing delay-critical data before multiplexing any other data (e.g. DRBs) into a TB or assigning UL resources based on a packet priority. 
Regardless of which option is chosen as the detailed enhanced LCP procedure, we think that NW should control/configure if and for which LCHs the remaining time should be considered when executing the LCP. For example, the remaining time doesn’t need to be considered during LCP for every kind of service/LCH, e.g. only for specific LCHs carrying XR traffic. As another example, the enhanced LCP procedure may be only used when DSR has been reported to the gNB in order to ensure that delay-critical data – as reported in the DSR – is transmitted in the corresponding UL grant, e.g. received in response to the DSR. 
Proposal 3: NW should control/configure whether the enhanced LCP procedure taking remaining delay/time into account is used or not by the UE.  Further, NW can configure whether remaining time should be considered during LCP procedure for a LCH.  
Similar to the considerations for the LCP procedure, also for the intra-UE prioritization mechanism which was introduced in Rel-16 it should be also discussed whether to consider the remaining time/delay of the data. According to the current specification the priority of an overlapping UL grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, i.e., only the logical channel priority is considered to determine which UL grant is prioritized/deprioritized.
However, it doesn’t make sense to prioritize an UL grant which carries data for which the PSDB/PDB is already exceeded. Such UL grant should be rather deprioritized. Similarly, a MAC PDU/UL grant which carries delay-critical data or a DSR MAC CE should be treated as a prioritized grant in the intra-UE prioritization procedure. 
Proposal 4: RAN2 should discuss enhancements to the intra-UE prioritization procedure, e.g. considering the remaining delay budget when determining the priority of an UL grant (prioritized/deprioritized UL grant).
The PDU set importance based PDCP discard has been introduced for Rel-18 XR. In case of UL congestion, PSI based discard can be activated, and a lower discard timer value, e.g. discardTimerForLowImportance is applied to the low importance data.  When PSI based discarding is activated, UE only supports DSR reporting for high importance data. Following the same principle, when LCP procedure considers the remaining time/delay of data prioritization, the enhancement may only be applied to high importance data. 
Proposal 5: RAN2 to discuss whether the LCP enhancements is only applicable for high importance packets in case of UL congestion, e.g., PSI-based discard is activated.
3. Conclusion
In this contribution, we discuss enhancements to the uplink scheduling. We have the following proposals:
Observation 1: Current LCP procedure considers only LCH priority and PBR (if configured for a LCH) for assigning UL resources to the LCHs which are allowed to map data to the UL grant. Remaining delay is not considered when distributing UL grant resources to the LCHs.
Observation 2: Since current LCP does not consider the remaining delay of data but only the associated LCH priority, it may happen that UE is not able to transmit data of a PDU set which is close to its delay boundary if the data is of a lower LCH priority and if there is higher priority data in the UE buffer even though having a large remaining delay.
Observation 3: The full potential of capacity improvements can be only exploited when LCP procedure also considers the remaining time/delay of data prioritization together with DSR procedure.
Proposal 1: RAN2 to agree that enhanced LCP procedure is introduced which considers also remaining delay/time of the data.
Proposal 2: RAN2 to discuss further the detailed enhanced LCP procedure, e.g. adapting LCH priority based on remaining time or multiplexing delay-critical data before multiplexing any other data (e.g. DRBs) into a TB or assigning UL resources based on a packet priority.
Proposal 3: NW should control/configure whether the enhanced LCP procedure taking remaining delay/time into account is used or not by the UE.  Further, NW can configure whether remaining time should be considered during LCP procedure for a LCH.
Proposal 4: RAN2 should discuss enhancements to the intra-UE prioritization procedure, e.g. considering the remaining delay budget when determining the priority of an UL grant (prioritized/deprioritized UL grant).
Proposal 5: RAN2 to discuss whether the LCP enhancements is only applicable for high importance packets in case of UL congestion, e.g., PSI-based discard is activated.
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