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1. Introduction
RAN#98-e has approved the XR WID in RP-223502 including BSR and delay report enhancement for XR capacity:
	-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);



In this contribution we further discuss the remaining delay status reporting (DSR) details.
2. [bookmark: Proposal_Beacon]Discussion
Following agreements have been reached in RAN2#124:


Agreements on DSR 
1. For triggering DSR, the shortest remaining-time left for the buffered data in UL is smaller than a configured threshold is used, if there is no pending DSR associated for that LCG.  
2. One threshold per LCG for triggering purposes is enough for delay status report
3. The data volume calculation to be reported in the DSR will consider the at size of the full remaining PDUs in the PDU set (if any PDU within the PDU set is with remaining time below the threshold), if the PDU set discard is configured.  FFS what to report for the case of not PDU set discard configured
4. Support single delay information per LCG as baseline for Rel-18 DSR.  The remaining time (the shortest remaining time in the LCG) will be explicitly reported in the DSR.
Delay Report enhancements
According to RAN2#122 meeting UE calculates the remaining time based on the PDCP discard timer value. As agreed before UE maintains a PDCP discard timer per PDCP SDU/PDU. For cases that the PDCP PDUs of a PDU set don’t arrive at the exact same time in the PDCP buffer, the PDCP discard timer values of the PDUs associated with the same PDU set may be different at the time of delay information reporting, e.g. when delay status information is reported. We think that UE should only report one remaining time for a PDU set. Essentially the remaining time of a PDU set is determined based on the lowest PDCP discard timer value of the PDCP SDUs belonging to the PDU set. Generally, the discard timer value of the first PDCP SDU/PDU of a PDU set determines the remaining PSDB of the whole PDU set. 

Proposal 1: UE reports the shortest PDCP discard timer value of the PDUs belonging to a PDU set as the remaining time info for a PDU set. 
The delay report is associated with a reported data volume, e.g. delay information is associated with a PDU set. In case more than one LCH is mapped to a LCG, there may be more than one PDU sets for which the remaining delay is below the configured threshold. In general – even for the case of a single LCH – there could be the situation that there are multiple PDU sets for which the remaining time is below the configured threshold when DSR reporting occurs, e.g. DSR MAC CE is generated. As agreed in the last meeting already as the baseline, we prefer to report only the shortest remaining time of all the delay-critical PDU sets since gNB needs to allocate UL resources most urgently for the data with the shortest remaining delay. 
Furthermore, the DSR MAC CE should consider for the calculation of the associated data volume/ buffer size the PDCP SDUs belonging to all the delay-critical PDU sets, e.g. PDU sets for which the determined remaining delay is below the configured threshold. To help the NW to determine each PDU set associated with different remaining time, it’d better report the delay information and buffer size per PDU set if there is more than one PDU set associated with different remaining time. However, since it was already agreed to only report the shortest remaining time and one buffer size, a sensible way is to report the data volume of all PDU sets for which the associated remaining delay is below the threshold. 

Proposal 2: UE reports the shortest delay information, e.g. shortest remaining delay, among all the PDU sets for which the remaining delay is below the configured threshold, e.g. single delay information per LCG.

Proposal 3: UE reports the data volume of all PDU sets for which the associated remaining delay is below the preconfigured threshold within a DSR MAC CE.  

We think that UE should only trigger one DSR report per PDU set. For cases when PDUs of a PDU set arrive at different times in the UE buffer, e.g. PDCP layer, the PDCP discard timer values of the PDUs belonging to one PDU set may have different values since the PDCP discard timers have been started at different points of time. We think that UE should only trigger one DSR report, e.g. threshold based DSR trigger, for a PDU set even though multiple PDCP discard timer associated with PDUs of the same PDU set may drop below the preconfigured threshold at different point of times. 

Proposal 4: UE triggers only once a DSR report for a PDU set. 

The DSR is triggered by the MAC entity as already captured in the draft MAC CR. It will be the same as for BSR triggering, e.g., based on buffer arrival at PDCP layer. Since the discard timer is maintained in PDCP, PDCP entity is involved in the DSR triggering, e.g., DSR should be triggered in PDCP entity based on the threshold and notified to MAC entity, and then MAC entity acquires the data volume information from PDCP and RLC entity and the corresponding delay information and generates the DSR MAC CE.

Proposal 5: UE triggers a DSR report at MAC layer based on indication from PDCP layer.

The delay information reported in a MAC control element, e.g. DSR MAC CE, should reflect the status of the delay information at the time of the transmission of the MAC CE which contains the delay information on the PUSCH resource. UE determines/calculates the delay information which is reported in a MAC CE for the slot/symbols, e.g. first symbol of the slot, where the MAC CE is transmitted on a PUSCH resource. Essentially the delay information associated with a PDU set reflects the remaining time/ PSDB at the time where the MAC CE is transmitted on PUSCH. 
For cases when the DSR MAC CE could not be transmitted due to e.g. inter-UE prioritization or LBT failure, there might be some misunderstanding between UE and gNB about the reference time for the calculation of the delay information. For NR-U a similar issue exists for the PHR reporting. During Rel-16 discussions it was finally agreed that UE can – as an implementation option – update the PHR content when initial transmission could be carried out due to LBT failure. Just below is the corresponding NOTE from TS38.321
	NOTE 3:	If a HARQ process is configured with cg-RetransmissionTimer and if the PHR is already included in a MAC PDU for transmission on configured grant by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.



For the delay information reporting, we think that there is on one hand the UTO-UCI “unused” indication reported on the CG-UCI, which helps gNB to detect situations where UE couldn’t carry out an uplink (CG PUSCH) due to e.g. intra-UE prioritization. In that sense the situation is a bit different compared to the PHR reporting issue in NR-U, e.g. here gNB couldn’t distinguish between UE not performing an CG PUSCH due to LBT failure or due to no data being in the buffer. 
Therefore, there is in our understanding no immediate need that UE updates the delay information at the time of the PUSCH transmission when a DSR MAC CE has been already included in the MAC PDU for transmission. However, we would be also OK when majority of companies is in favour of UE updating the delay information delay information at the time when the MAC CE is (re)transmitted, e.g. for cases when due to intra-UE prioritization a PUSCH transmission has not been performed. 

Proposal 6: RAN2 to discuss whether UE should update the delay information reported in a MAC CE at the time of MAC CE transmission, e.g. for cases when previous transmission couldn’t be carried our due to intra-UE prioritization. Given that UE indicates unused resources, e.g. UTO-UCI, gNB should be generally aware of an intra-UE prioritization situation occurring.

The data volume information which is included in a DSR report should only include PDCP PDUs which have not been delivered yet to lower layers for transmission. Essentially the amount of data associated with the remaining delay information includes only PDCP PDUs which have not been delivered to lower layer for transmission. Similar to the BSR reporting, for the transmitting PDCP entity shall consider the following as associated PDCP data volume for the purpose of DSR (delay status information) reporting in MAC:
-	the PDCP SDUs of the PDU set for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs of the PDU set that have not been submitted to lower layers;
When defining the data volume for the delay-critical PDU sets, we should generally follow the principle that all data which will use granted UL resources should be considered during the data volume calculation. In light of this principle, we think that also PDCP Control PDUs as well as PDCP SDUs or PDCP PDUs which are to be retransmitted (e.g. for PDCP data recovery or PDCP re-establishment case) should be considered. 
Proposal 7: PDCP Control PDUs, the PDCP SDUs and PDCP Data PDUs to be retransmitted for AM DRBs are considered for delay-critical PDCP data volume.

Similar to the BSR reporting, the transmitting RLC entity shall consider the following as associated RLC data volume for the purpose of DSR (delay status information) reporting in MAC:
· RLC SDUs and RLC SDU segments that have not yet been included in an RLC data PDU
· RLC data PDUs that are pending for initial transmission
· RLC data PDUs that are pending for retransmission (RLC AM)

Proposal 8: The associated data volume reported within the DSR MAC CE also includes the corresponding RLC SDUs or PDUs that are pending for initial transmission or re-transmission.


During time periods where PSI based discarding is enabled by the NW, e.g. when UL air interfaces is congested, we see little benefit of reporting delay status information to the scheduler. Since the air interface is congested and packets are staying longer in the buffer, the report itself will not provide additional information to the scheduler, e.g. scheduler is already aware of that the situation and in particular for unimportant data (PDU sets with a low PSI level) the remaining delay information will not help scheduler to resolve the congestion. Also, since the UL resources become scarce, the available UL resource should be rather used for the transmission of the data itself rather than for DSR MAC CEs. 

Proposal 9: DSR reporting is disabled when PSI based discarding is enabled, e.g. during congestion, for low importance PDU sets.

In legacy, an SR configuration corresponds to one or more logical channels and/or to some MAC CEs, e.g. SCell beam failure recovery and consistent LBT failure recovery. Considering that there are separate triggers defined for DSR reporting, and the information conveyed within a DSR is time critical, it would be sensible to associate an SR configuration to the DSR MAC CE. Essentially RAN2 should discuss whether UE triggers an SR for cases when a DSR has been triggered and there are no available UL-SCH resources in the MAC entity.

Proposal 10: RAN2 to discuss whether to map an SR configuration to the DSR MAC CE, e.g. UE triggers an SR for the transmission of a DSR MAC CE if no UL grant is available for new transmission.

Based on the agreements so far, the DSR MAC CE should include at least the following fields:
· LCG bitmap, which indicates which LCG has delay information included in the MAC CE;
· remaining time for a reported LCG;
· Amount of data associated with the reported remaining time.

Regarding how the remaining time is encoded we think that a look-up table similar to the BSR tables is sufficient and simple. 
Proposal 11: define a look-up table for the remaining time in the spec, e.g. similar to the BSR table. 

For the indication of the data volume associated with the remaining time in the DSR MAC CE we think that even though the delay-critical data volume would not be so large, it is better to allow some flexibility and indicate by a one-bit indicator the BSR table used for the buffer size similar to the enhanced BSR MAC CE.
Proposal 12: RAN2 to agree to indicate which BSR table is used to encode the Buffer Size field in the DSR MAC CE by using a one-bit indicator for each reported LCG. 

UE can cancel a triggered DSR similar to the BSR cancelling conditions. For example, UE should cancel a DSR when a UL grant can accommodate all pending data available for transmission, the remaining time of which is less than the DSR threshold but the allocated resources are not sufficient to additionally accommodate the DSR MAC CE and its subheader. For example, all of at least one report of the delay information triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted, and this MAC PDU includes a DSR MAC CE which contains the delay report up to (and including) the last event that triggered a report prior to the MAC PDU assembly. And there is another case, the discard timer of the data triggering the DSR expires before transmitting, and there is no data with remaining time is less than delay report threshold, UE can cancel the DSR.

Proposal 13: UE cancels the DSR: 
· after the triggered DSR is transmitted, or 
· if the data available having triggered the DSRs is accommodated in a MAC PDU but the MAC PDU does not contain the DSR MAC CE and its subheader, or
· if the reported shortest remaining time becomes zero.
3. Conclusion
In this contribution, we discuss UE feedback enhancements for XR communications, in particular the details of the delay information reporting procedure. We have the following proposals:
Proposal 1: UE reports the shortest PDCP discard timer value of the PDUs belonging to a PDU set as the remaining time info for a PDU set. 
Proposal 2: UE reports the shortest delay information, e.g. shortest remaining delay, among all the PDU sets for which the remaining delay is below the configured threshold, e.g. single delay information per LCG.
Proposal 3: UE reports the data volume of all PDU sets for which the associated remaining delay is below the preconfigured threshold within a DSR MAC CE.
Proposal 4: UE triggers only once a DSR report for a PDU set
Proposal 5: UE triggers a DSR report at MAC layer based on indication from PDCP layer.
Proposal 6: RAN2 to discuss whether UE should update the delay information reported in a MAC CE at the time of MAC CE transmission, e.g. for cases when previous transmission couldn’t be carried our due to intra-UE prioritization. Given that UE indicates unused resources, e.g. UTO-UCI, gNB should be generally aware of an intra-UE prioritization situation occurring.
Proposal 7: PDCP Control PDUs, the PDCP SDUs and PDCP Data PDUs to be retransmitted for AM DRBs are considered for delay-critical PDCP data volume.
Proposal 8: The associated data volume reported within the DSR MAC CE also includes the corresponding RLC SDUs or PDUs that are pending for initial transmission or re-transmission.
Proposal 9: DSR reporting is disabled when PSI based discarding is enabled, e.g. during congestion, for low importance PDU sets.
Proposal 10: RAN2 to discuss whether to map an SR configuration to the DSR MAC CE, e.g. UE triggers an SR for the transmission of a DSR MAC CE if no UL grant is available for new transmission.
Proposal 11: define a look-up table for the remaining time in the spec, e.g. similar to the BSR table. 
Proposal 12: RAN2 to agree to indicate which BSR table is used to encode the Buffer Size field in the DSR MAC CE by using a one-bit indicator for each reported LCG. 
Proposal 13: UE cancels the DSR: 
· after the triggered DSR is transmitted, or 
· if the data available having triggered the DSRs is accommodated in a MAC PDU but the MAC PDU does not contain the DSR MAC CE and its subheader, or
· if the reported shortest remaining time becomes zero.
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