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1. Introduction
In RAN2#123 meeting, agreements [1] on delay status reporting were made as below: 
	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.
Continue offline on MAC CE design options (modified BSR or 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.


In RAN2#123bis meeting, agreements [2] on delay status reporting were made as below: 
	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.  
One threshold per LCG for triggering purposes is enough for delay status report
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
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.


In this contribution, we will discuss the potential enhancements for delay status reporting to improve the XR-specific capacity.
2. Discussion
2.1 Delay status reporting (DSR)
Remaining delay budget:
In RAN2#122 meeting, it was agreed that the remaining time is based on the PDCP discard timer, and the reference time for the remaining time is determined from the point of the first transmission of the information. 
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Figure 1: delay information of a UL packet

Since both UE and the network know when DSR is initially transmitted based on the UL grant (i.e.,), UE could report “remaining delay budget” with value “t PDB – (t 3 – t 0)” (in milliseconds), then the network can derive the exact remaining delay value as “t PDB – (t 3 – t 0) – (t 4 – t 3)”, where 
· t 0 is the start time of discard timer for the corresponding SDU.
· t 4 is the time when the delay information is received by the network.
· t PDB is equal to the value of PDCP discard timer.
· “t 4 – t 3” is derived by the network itself.
Furthermore, if a PDU Set needs to be decoded/handled as a whole, all SDU/PDUs belonging to the PDU set should share the same arrival time, which is equal to the arrival time of the first arriving SDU/PDU belonging to the PDU set, and hence have the same remaining delay budget.
Proposal 1: RAN2 to agree that UE reports remaining delay budget with value “t PDB – (t 3 – t 0)” (in milliseconds), where
·  is equal to the value of PDCP discard timer.
·  is the start time of discard timer for the corresponding SDU.
· is the time when DSR is initially transmitted based on the UL grant.

With regard to per-LCG delay status reporting, since the network and UE only care about delay-sensitive LCHs, RAN2 should first discuss whether an LCG can include both LCHs for delay-sensitive traffic and LCHs for non-delay-sensitive traffic. If yes, a per-LCH indication may be needed to inform UE whether the corresponding LCH should derive/calculate delay information or not. 
Proposal 2: RAN2 to discuss whether an LCG can include both delay-sensitive LCHs and non-delay-sensitive LCHs. 

If an LCG is configured to trigger delay information reporting, and more than one LCH is mapped to the LCG, the reported remaining time should correspond to the data from the delay-sensitive LCH that has the shortest remaining delay budget. 
Proposal 3: For an LCG, remaining time reported by UE should correspond to the data from the delay-sensitive LCH that has the shortest remaining delay budget.

Delayed buffer size calculation:
Regarding per-LCG delay status reporting, UE needs to determine whether the size of a packet should be taken into account when calculating delayed buffer size. In the last meeting, it was agreed that full remaining PDUs in a PDU set shall be considered if PDU set discard is configured and any PDU of the PDU set with remaining time below the configured threshold. However, there is still an FFS that what to report if PDU set discard is not configured.
The solution could be simple and each PDU can be handled independently if PDU set discard is not configured. If the remaining time of a PDU is below the configured threshold, then only the size of the PDU rather than the corresponding PDU Set shall be counted when calculating delayed buffer size. 
Proposal 4: If PDU set discard is not configured, only the size of the PDU whose remaining time is below the configured threshold shall be counted for delayed buffer size calculation.

2.2 Trigger or cancellation conditions for DSR
Trigger conditions:
In the previous meetings, it was agreed that DSR reporting is triggered when remaining delay of a PDU/PDU set is below a network configured threshold. However, we think more concrete trigger conditions need to be discussed based on the agreements. For example, A DSR may be triggered if any of the following events occur.
· If none of the logical channels contains any delayed UL data, and the remaining delay of a UL packet becomes below a configured threshold.
· If a UL packet becomes below a configured threshold, and the packet belongs to a logical channel with higher priority than the priority of any logical channel containing delayed UL data.
Proposal 5: RAN2 to discuss more concrete DSR trigger conditions, and at least the following trigger events can be considered.
· If none of the logical channels contains any delayed UL data, and the remaining delay of a UL packet becomes below a configured threshold.
· If a UL packet becomes below a configured threshold, and the packet belongs to a logical channel with higher priority than the priority of any logical channel containing delayed UL data.

Once a DSR MAC CE is transmitted, UE is expected to receive a UL grant as soon as possible. If no UL grant is received during a period, UE should retransmit DSR MAC CE. Thus, a DSR retransmission timer can be introduced. When the DSR retransmission timer expires, and at least one of the logical channels contains UL data whose remaining delay budget is below a configured threshold, a DSR shall be triggered. Since DSR MAC CE also has stringent latency requirements, the DSR retransmission timer should be short enough to avoid waiting too long.
Proposal 6: A DSR retransmission timer can be introduced. When the timer expires and at least one logical channel contains UL data whose remaining delay budget is below a configured threshold, a DSR shall be triggered.

Cancellation conditions:
There may be no delayed data in UL buffer when any of the following events happen,
· PDCP discardTimer expires.
· Network-triggered discard operation when congestion happens.
· When a MAC PDU is assembled and this PDU contains all pending delayed data available for transmission. 
If there is no delayed data available for transmission for a logical channel, the corresponding DSR triggered by the logical channel may be cancelled. Furthermore, all triggered DSR may be cancelled to save the radio resources when there is no delayed data in UL buffer. 
Proposal 7: If there is no delayed data available for transmission for a logical channel, the corresponding DSR triggered by the logical channel may be cancelled. Furthermore, all triggered DSR may be cancelled when there is no delayed data in UL buffer.

In addition, all DSRs triggered prior to MAC PDU assembly may be cancelled when a MAC PDU is transmitted and this PDU includes a DSR MAC CE which contains delayed buffer status up to (and including) the last event that triggered a DSR prior to the MAC PDU assembly.
Proposal 8: All DSRs triggered prior to MAC PDU assembly may be cancelled if it includes a DSR MAC CE which contains delayed buffer status up to (and including) the last event that triggered a DSR prior to the MAC PDU assembly.

Prioritization during LCP:
Compared with BSR, DSR has lower tolerance for latency and should be transmitted as soon as possible if triggered. Hence, MAC CE for DSR (except padding DSR if introduced) should have precedence over MAC CE for BSR during Logical Channel Prioritization (LCP) procedure.
Proposal 9: MAC CE for DSR should have precedence over MAC CE for BSR during LCP procedure.

2.3 DSR triggered SR
When a UE has a UL packet whose remaining delay time is almost exhausted, the UE should quickly notify the gNB to let it know that the UE has urgent data to be scheduled. However, in current BSR/DSR mechanism, if there is no UL-SCH resource, UE needs to  “send SR -> receive UL grant 1 and then send BSR/DSR -> receive UL grant 2 and then send the urgent data”. The delay of such a mechanism is illustrated in Figure 2.
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Figure 2: delay of UL data caused by current SR/DSR mechanism
Since the size of a PDU set is usually large while the UL grant 1 triggered by SR is small, it is highly likely that UL grant 1 cannot accommodate all delayed data. As a result, the UE needs to wait for UL grant 2 for the transmission of urgent data. In this case, the round-trip time of the whole procedure may last long and cause the remaining delay budget of urgent data to be exhausted before it can be sent. 
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Figure 3: delay of UL data if priori-knowledge of delayed buffer size is associated with SR
As illustrated in Figure 3, if prior knowledge of delayed buffer size can be associated with an SR transmission, the gNB will get the information after the reception of the SR and then perform scheduling accordingly. For example, a larger size of UL grant may be scheduled to make sure the delayed data shall be transmitted after the reception of UL grant 1. Since there is no need to wait for further DSR and UL grant 2, the latency of urgent data shall be reduced.
Proposal 10: Priori knowledge of delayed buffer size can be associated with SR transmission to help gNB schedule an appropriate size of UL grant for delayed data without waiting for further DSR/UL grant.

In current specification, a logical channel is associated with an SR configuration, and the SR configuration of the logical channel that triggered a BSR is considered as the corresponding SR configuration for the triggered SR. Similar to BSR triggered SR, an SR shall be triggered if there is no UL-SCH resource for the transmission of DSR MAC CE. In general, BSR and DSR can share the same SR configuration with a short periodicity.
However, to inform the prior knowledge of delayed buffer size to the network, one more SR configuration for an LCH and a delayed buffer size threshold should be introduced. If the potential delayed buffer size to be reported is greater than delayed buffer size threshold, the first SR configuration is used for SR transmission; otherwise, the second SR configuration is used. Based on the potential buffer size associated with the SR configuration, the network can schudule an appropriate size of UL grant for delayed data.
Proposal 11: One more SR configuration for an LCH and a delayed buffer size threshold are introduced to inform the potential delayed buffer size to the network.
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3. Conclusion
In this paper, we provide our views on delay status reporting for XR traffic, and have the following proposals:
Proposal 1: RAN2 to agree that UE reports remaining delay budget with value “t PDB – (t 3 – t 0)” (in milliseconds), where
·  is equal to the value of PDCP discard timer.
·  is the start time of discard timer for the corresponding SDU.
· is the time when DSR is initially transmitted based on the UL grant.
Proposal 2: RAN2 to discuss whether an LCG can include both delay-sensitive LCHs and non-delay-sensitive LCHs. 
Proposal 3: For an LCG, remaining time reported by UE should correspond to the data from the delay-sensitive LCH that has the shortest remaining delay budget.
Proposal 4: If PDU set discard is not configured, only the size of the PDU whose remaining time is below the configured threshold shall be counted for delayed buffer size calculation.
Proposal 5: RAN2 to discuss more concrete DSR trigger conditions, and at least the following trigger events can be considered.
· If none of the logical channels contains any delayed UL data, and the remaining delay of a UL packet becomes below a configured threshold.
· If a UL packet becomes below a configured threshold, and the packet belongs to a logical channel with higher priority than the priority of any logical channel containing delayed UL data.
Proposal 6: A DSR retransmission timer can be introduced. When the timer expires and at least one logical channel contains UL data whose remaining delay budget is below a configured threshold, a DSR shall be triggered.
Proposal 7: If there is no delayed data available for transmission for a logical channel, the corresponding DSR triggered by the logical channel may be cancelled. Furthermore, all triggered DSR may be cancelled when there is no delayed data in UL buffer.
Proposal 8: All DSRs triggered prior to MAC PDU assembly may be cancelled if it includes a DSR MAC CE which contains delayed buffer status up to (and including) the last event that triggered a DSR prior to the MAC PDU assembly.
Proposal 9: MAC CE for DSR should have precedence over MAC CE for BSR during LCP procedure.
Proposal 10: Priori knowledge of delayed buffer size can be associated with SR transmission to help gNB schedule an appropriate size of UL grant for delayed data without waiting for further DSR/UL grant.
Proposal 11: One more SR configuration for an LCH and a delayed buffer size threshold are introduced to inform the potential delayed buffer size to the network.
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