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1. Introduction
The issue of remaining time reporting for XR (referred to as Delay Status Reporting (DSR) henceforth) was discussed in RAN2-122 [1] and RAN2-123 [2] and several agreements were made (see Annex). In this contribution, we address some of the open issues.
2. Discussion

RAN2 has agreed that the remaining delay information is calculated based on the PDCP discard timer value (which is assumed to be correlated with the PSDB value) [1]. For the brevity of this document, we will use the term PDU discard timer even though, strictly speaking, a discard timer is for a PDCP SDU.
There are several aspects that need clarification. First, since the PDU set contains multiple PDUs, each with its own discard timer, it is not clear what is meant by “based on the PDCP discard timer value”. There are two cases to consider:
· Case 1: all packets of the PDU set arrive at the PDCP at the same time (i.e., the discard timer for all started at the same time)
· Case 2: packets of the PDU set arrive at the PDCP at different times (i.e., the discard timer for the different PDUs may start at different times)
In case 1, all the discard timers will have the same remaining time for all the PDUs of the PDU set (except for the case of the ones that are already acknowledged by the receiver, where the discard timer will be stopped/released). In this case, the remaining time for the PDU set can be assumed to be the remaining discard time of any of the PDUs that are not acknowledged yet. 
In case 2, the discard timer values for the different PDUs of the PDU set will have different remaining time based on when they were started. Also, it is not clear if in this case all the PDUs of the PDU set will be assigned the same discard timer value (i.e., will the first PDU of the PDU set and the last PDU of the PDU set that may arrive at PDCP considerably later than the first PDU both have the same discard timer value?)
Observation 1:	If the PDUs of the PDU set arrive at the transmit PDCP at different times, the remaining time for the different PDUs of the PDU set may be different, even if they were all assigned the same discard timer value.
That is, at any given time, there could be a range of remaining time values, corresponding to the different PDUs of the PDU set that are still waiting acknowledgement from the receiver.
Another aspect is whether the remaining time determination/reporting is made at PDCP level or MAC level. Part of the RAN2 agreement seems to imply that this is carried out by PDCP (“FFS how this is modelled in PDCP specifications”), while another part seems to imply MAC level operation (‘the reference time for the remaining time is determined from the point of the first transmission of the information”).  
Observation 2:	From the agreement in RAN2-122, it is not clear whether the remaining time determination/reporting is done at the PDCP or MAC level.
Since PDU set level information may not be readily available at the MAC level, it makes more sense to do the remaining time determination at the PDCP level and provide it to the MAC (e.g., like the way PDCP delivers data volume information to the MAC for BSR).
Observation 3:	Discard timer value for a PDU and the remaining time left before it expires are not readily available at the MAC level.
Observation 4:	PDCP already informs MAC about buffered data level (data volume calculation).

Thus, we propose:

Proposal 1:	The determination of the remaining time for a PDU set is done at the PDCP level.
Proposal 2:	The remaining time is calculated as the remaining time of the discard timer corresponding to the first PDU of the PDU set.
Proposal 3:	PDCP informs MAC about the remaining time for the PDU set (e.g., like PDCP data volume).
RAN2 has made the following working assumption regarding DSR [2]:
· a new MAC CE will be introduced for DSR,
· the DSR is triggered when the remaining time for a PDU/PDU set is below a configured threshold,
· the buffer status of the concerned LCG(s) is included in the DSR. 
However, it has not been agreed whether multiple DSR reporting threshold values can be configured for a given LCG. During the online discussion, some companies has expressed there is a need for multiple thresholds to give the network a heads-up to expediate the scheduling of the UEs. We think this is a valid point and that with only one threshold, the network may end up being informed either too early or too late about the situation, depending on the threshold value.

Observation 5:	Configuring multiple DSR triggering thresholds for an LCG gives the network more scheduling flexibility to expediate the scheduling of the UEs that have PDU/PDU sets that are reaching their expiration time soon. 
If only one threshold value can be configured, the actual remaining timing information is not be required to be included in the DSR (i.e., network implicitly knows the reported amount of data for the indicates LCG(s) has a remaining time below the configured threshold). On the other hand, if multiple thresholds can be configured, there is a need to indicate the remaining time information, and possibility multiple sets of information (i.e., set of thresholds that has been passed and the corresponding buffer status).  

Observation 6:	Explicit remaining time information is needed in the DSR if multiple triggering thresholds are configured for a given LCG.
The exact remaining time thresholds do not need to be included in the DSR as the network is the one that configured them. Thus, it is sufficient to include only an index value that corresponds to the remaining time threshold and the corresponding amount of data that has remaining time below the threshold corresponding to the index. 

Observation 7:	Since it is the network that configures the remaining time thresholds, the actual remaining time threshold does not need to be included in the DSR. An index corresponding to the configured remaining time threshold is sufficient.
Considering the above observations, we propose:

Proposal 4:	Multiple DSR triggering thresholds can be configured per LCG.
Proposal 5:	Each threshold is associated with an index value.
Proposal 6:	A DSR is triggered if there is an LCG that has data with remaining time below one of the DSR triggering thresholds associated with the LCG. 
Proposal 7:	The DSR MAC CE contains information about all the LCGs that have data that fulfils their corresponding DSR triggering threshold(s).
Proposal 8:	For an LCG that is configured with only one triggering threshold, only the buffer level/index associated with that LCG needs to be included in the DSR MAC CE, indicating the amount of data that has remaining time below the configured threshold for that LCG.
Proposal 9:	If multiple DSR triggering thresholds are configured for an LCG, the DSR MAC CE will include the following for that LCG:
· an index value corresponding to the triggering threshold, and
· for the first index value: the buffer level/index corresponding to the amount of data that has remaining time below the remaining time threshold associated with the first index value,
· for the other index values (e.g., index =n): the buffer level/index corresponding to the amount of data that has remaining time between the remaining time threshold associated with the index value (e.g., n) and the remaining time associated with the preceding index value (e.g., n-1).

The discussion regarding DSR in RAN2 so far considered only aspects related to the remaining time threshold(s). The amount of remaining data to be transmitted for the PDU set can be considered. For example, it may not be desirable to trigger the DSR for a PDU set even if the remaining time is small, if only a handful of PDUs of the PDU set remain to be transmitted, while triggering the DSR even when the remaining time is large may be desirable if the amount of data yet to be sent for that PDU set is large. 


Proposal 10:	RAN2 to discuss if volume of data needs to be considered in addition to the remaining time threshold to trigger a DSR (e.g., DSR triggered if the amount of data that has a remaining time below the remaining time threshold is above a data volume threshold) 
Another aspect that needs further discussion is on how to prevent too frequent DSR reporting (e.g., if a DSR prohibit timer or other mechanisms are needed). Having a data volume threshold to control the DRS reporting as proposed above could also help in preventing frequent DSR reporting. 

Proposal 11:	RAN2 to discuss on how to prevent frequent DSR reporting (e.g., via DSR prohibit timer)
3. Conclusion
In this contribution, DSR for XR traffic is discussed and the following observations and proposals are made:
Observation 1:	If the PDUs of the PDU set arrive at the transmit PDCP at different times, the remaining time for the different PDUs of the PDU set may be different, even if they were all assigned the same discard timer value.
Observation 2:	From the agreement in RAN2-122, it is not clear whether the remaining time determination/reporting is done at the PDCP or MAC level.
Observation 3:	Discard timer value for a PDU and the remaining time left before it expires are not readily available at the MAC level.
Observation 4:	PDCP already informs MAC about buffered data level (data volume calculation).
Observation 5:	Configuring multiple DSR triggering thresholds for an LCG gives the network more scheduling flexibility to expediate the scheduling of the UEs that have PDU/PDU sets that are reaching their expiration time soon. 
Observation 6:	Explicit remaining time information is needed in the DSR if multiple triggering thresholds are configured for a given LCG.
Observation 7:	Since it is the network that configures the remaining time thresholds, the actual remaining time threshold does not need to be included in the DSR. An index corresponding to the configured remaining time threshold is sufficient.

Proposal 1:	The determination of the remaining time for a PDU set is done at the PDCP level.
Proposal 2:	The remaining time is calculated as the remaining time of the discard timer corresponding to the first PDU of the PDU set.
Proposal 3:	PDCP informs MAC about the remaining time for the PDU set (e.g., like PDCP data volume).
Proposal 4:	Multiple DSR triggering thresholds can be configured per LCG.
Proposal 5:	Each threshold is associated with an index value.
Proposal 6:	A DSR is triggered if there is an LCG that has data with remaining time below one of the DSR triggering thresholds associated with the LCG. 
Proposal 7:	The DSR MAC CE contains information about all the LCGs that have data that fulfils their corresponding DSR triggering threshold(s).
Proposal 8:	For an LCG that is configured with only one triggering threshold, only the buffer level/index associated with that LCG needs to be included in the DSR MAC CE, indicating the amount of data that has remaining time below the configured threshold for that LCG.
Proposal 9:	If multiple DSR triggering thresholds are configured for an LCG, the DSR MAC CE will include the following for that LCG:
· an index value corresponding to the triggering threshold, and
· for the first index value: the buffer level/index corresponding to the amount of data that has remaining time below the remaining time threshold associated with the first index value,
· for the other index values (e.g., index =n): the buffer level/index corresponding to the amount of data that has remaining time between the remaining time threshold associated with the index value (e.g., n) and the remaining time associated with the preceding index value (e.g., n-1).
Proposal 10:	RAN2 to discuss if volume of data needs to be considered in addition to the remaining time threshold to trigger a DSR (e.g., DSR triggered if the amount of data that has a remaining time below the remaining time threshold is above a data volume threshold) 
Proposal 11:	RAN2 to discuss on how to prevent frequent DSR reporting (e.g., via DSR prohibit timer)
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5. Annex: RAN2 agreements on DSR
RAN2-122:
UE calculates the remaining time based on the PDCP discard timer value. FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification. FFS which UEs support this.
When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information. FFS if intra-UE prioritization can impact this.

RAN2-123:
Network can configure the UE whether to trigger delay status reporting. FFS if we have some thresholds per LCG.
When UE triggers reporting delay information for a LCG, and UE also reports the buffer status associated with the remaining time.
RAN2 aims to define a single MAC CE for the DSR reporting (including the buffer status). FFS if this extends BSR MAC CE or is a new MAC CE.
Working assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g., DSR reporting is not coupled with BSR reporting. Detailed Definition of associated data volume is FFS. 
Support threshold based DSR reporting, e.g., DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS.
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