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1. [bookmark: _Ref35586532]Introduction
In the RAN2#123bis meeting, the agreements on DSR are provided as follows [1]:
	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.


During the post-meeting email discussion, some open issues on DSR are left [2][3][4]. This contribution will discuss the unresolved issues in the last meeting and the open issues from the running CRs, and then provide our proposals based on analysis.
1. Discussion
2.1	The data volume calculation
The first leftover issue for data volume calculation is how to determine the data volume of delay-critical SDUs when pdu-SetDiscard is not configured. There are two types of data volume granularity being discussed: SDU granularity and PDU Set granularity.
During RAN2#123bis, whether pdu-SetDiscard is configured or not is assumed as the straightforward criterion to determine if the data volume calculation is based on PDU Sets or other, e.g. SDUs as in legacy. However, the reporting of data volume in the buffer and the discarding of PDCP SDUs are independent features serving different purposes. Indeed, the former assists the gNB scheduler in assessing the UL resources needed by the UE, while the latter aims at getting rid of outdated data in the transmit queue. And even when pdu-SetDiscard is not configured, gNB scheduler should target scheduling and processing SDUs of a PDU Set altogether, hence it should be aware of the total amount of data left for a delay-critical PDU Set. 
Observation 1: Whether pdu-SetDiscard is configured or not is not an appropriate criterion to condition the granularity (SDU or PDU Set) of the delay-critical data volume.
Instead, we can replace the condition on pdu-SetDiscard with a condition on whether UE is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG. From capability agreement, UE can indicate to RAN whether an UL QoS flow can be identified with PDU Sets, as an UL traffic parameter via UE Assistance Information message.
Therefore, if the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG, the data volume calculation to be reported in the DSR considers the size of all remaining SDUs in the PDU Set(s) considered as delay-critical PDU Set(s) at the time the DSR is included in the MAC PDU.
Inversely, if the UE reported that it is not able to identify PDU Sets for any QoS flow mapped onto this LCG, the data volume calculation to be reported in the DSR is based on the legacy data volume calculation methods in PDCP and RLC, but limited to the SDUs which remaining time before discard timer expiry is below or equal to the DSR triggering threshold at the time the DSR is included in the MAC PDU.
Proposal 1: If the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG, the data volume calculation to be reported in the DSR considers the size of all remaining SDUs in the PDU Set(s) considered as delay-critical PDU Set(s) at the time the DSR is included in the MAC PDU.
Proposal 2: If the UE reported that it is not able to identify PDU Sets for any QoS flow mapped onto this LCG, the data volume calculation to be reported in the DSR is based on the legacy data volume calculation methods in PDCP and RLC, but limited to the SDUs which remaining time before discard timer expiry is below or equal to the DSR triggering threshold at the time the DSR is included in the MAC PDU.
In [2], an issue was raised as follows: 
	Whether the following should be considered in delay-critical PDCP data volume
A. PDCP Control PDUs
B. PDCP SDUs to be retransmitted for AM DRBs
C. PDCP Data PDUs to be retransmitted for AM DRBs


For PDCP control PDU, the PDCP status report is submitted to lower layers as the first PDCP PDU for transmission via the transmitting PDCP entity, and the other PDCP control PDUs are submitted to lower layer when they are generated. Then PDCP control PDUs will be multiplexed in MAC PDU in the highest priority.
For AM DRBs, the PDCP entity perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers. That is, the PDCP SDUs to be retransmitted for AM DRBs (B) and PDCP Data PDUs to be retransmitted for AM DRBs (C) are prioritized over the initial transmission of PDCP PDUs.
Since the PDCP control PDUs and the retransmission of AM DRBs have higher priority and will occupy UL grant resource at first, they need be taken as delay-critical PDCP data.
In addition, during RLC email discussion in [6], the RLC Control PDU and the RLC data PDU(s) pending for RLC AM retransmission is proposed to be included in the data volume calculation in RLC for DSR. Considering cross-layer impact, the PDCP layer should also consider the PDCP control PDUs and the retransmissions.
Proposal 3: The PDCP Control PDUs, the PDCP SDUs and PDCP Data PDUs to be retransmitted for AM DRBs are considered for delay-critical PDCP data volume.
Moreover, a new issue was also raised in [3] as follows:
	Editor's Notes: FFS whether the data with discardTimer expired indicated by PDCP is also included in the above case that discardTimer value is less than a threshold.


Considering that PDCP specification [5] and RLC specification [7] have the following description:
	TS 38.323:
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
TS 38.322:
When indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


Therefore, there is a case where the associated PDCP SDU discardtimer has expired, but the RLC SDU in the RLC buffer has not been discarded. In this case, the RLC SDU or a segment thereof has been submitted to the lower layers.
If it is re-transmission of RLC AM, according the RLC email discussion [6], it will be included in the data volume calculation in RLC for DSR. If it is a segment of an RLC SDU that has already been submitted to MAC for an RLC UM transmission or an initial transmission in RLC AM, the UL resource for the segment has already been granted by the network, hence it should not be accounted in the data volume. So the data volume for this RLC SDU should only consider the remaining data of the RLC SDU after removing the segment already submitted to MAC.
So, RLC PDU segment(s) not yet submitted to lower layers from an RLC SDU a segment thereof has been submitted to lower layers and which associated PDCP SDU discardTimer has expired shall be included in the data volume calculation in RLC for DSR.
Proposal 4: RLC PDU segment(s) not yet submitted to lower layers from an RLC SDU a segment thereof has been submitted to lower layers and which associated PDCP SDU discardTimer has expired shall be included in the data volume calculation in RLC for DSR.
Now, looking at the running RLC CR [3]:
	For the purpose of MAC delay status reporting, the UE shall consider the following as delay-critical RLC data volume:
-	if pdu-SetDiscard is configured: 
-	RLC SDUs and RLC SDU segments belonging to the delay-critical PDU Set  that have not yet been included in an RLC data PDU; 
-	RLC data PDUs that contain the RLC SDUs   or RLC SDU segments belonging to the delay-critical PDU Set and are pending for initial transmission; 
-	else:
-	delay-critical RLC SDUs and delay-critical RLC SDU segments that have not yet been included in an RLC data PDU; 
-	RLC data PDUs that contain the delay-critical RLC SDUs or RLC SDU segments, and are pending for initial transmission;


And, RLC should be discardTimer agnostic and only knows “delay-critical” SDUs, indicated by PDCP. So, it is obvious that Proposal 4 is already implemented by the current running CR since, upon discardTimer expiry, RLC will discard delay-critical RLC SDUs, but not delay-critical RLC SDU segments that have not yet been included in an RLC data PDU.
Proposal 5: Proposal 4 is already implemented in the RLC running CR. Nothing else is needed
2.2 DSR MAC CE format
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.
Observation 2: The content of DSR MAC CE includes the remaining time and the amount of data.
However, there are still many DSR MAC CE formats, in which the more common are the following two options [4]:


Figure 1. Options for the format of the DSR MAC CE.
Before selecting option, it should be pointed out that the length of the remaining time field need not be set to 7 bits at all. The 7-bit field can report a delay status of up to 127ms. Since RAN2 agreed “One threshold per LCG for triggering purposes is enough for delay status report”. Larger remaining times than 63 ms do not need to be reported. We think 4-bit for the remaining time field is enough. 
Also, because of the small value range of remaining time fields, exponential mapping is not appropriate and there is no need to use a specific lookup table. This field and the value of remaining time need only be expressed using a linear mapping. And the equation is simpler.
Proposal 6: The value range of the field of remaining time can be reduced to 4 bits.
Proposal 7: The Delay Status field and the value of remaining time in the Delay Status field can be expressed using a linear mapping.
In the summary of the offline on the open issues in MAC running CR [4], the following proposal is made:
	Proposal 6. 	Always use the legacy BSR table to encode the data volume in the DSR MAC CE, so that no dependency between the two features are required. FFS final format of the DSR MAC CE. (8/14)


Mainly two arguments are used to not use the new BSR table in the DSR MAC CR:
1) The amount of data reported in DSR is expected to be small
2) Support for DSR and new BSR table should be two separate UE capabilities 
We think the first argument is not future-proof and prevents from using this new feature for services that are both time-critical and with high data rate, which is obviously the future of XR. And for the second argument, we believe that it can be simply solved by UEs not supporting the new BSR Table would always tag the BTi field with the value corresponding to the legacy Table. On the contrary, we think that, considering the new BSR Table has a shorter range than the legacy table but within this range it provides a smaller quantization error, the DSR MAC CE can take profit of the new BSR table. 
Proposal 8: The DSR MAC CE can use either of the legacy or new BSR table to report the data volume of the delay-critical data.
Hence, in DSR MAC CE, there needs to be a BTi field indicating which BSR table is used. It can consist of a bitmap with the length equal to the number of LCGs.
Proposal 9: A field indicating which BSR table to use should be included in DSR MAC CE, and it should consist of a bitmap with length equal to the number of LCGs.
Moreover, it is difficult to report DSR with 8 LCGs and likely overkill considering only few such XR flows should be expected to have such different QoS requirements to be mapped to different LCGs. Instead, DSR could consider 4 LCGs at most. Therefore, after reshaping option 1, the format of DSR MAC CE is such as:


Figure 2. Long DSR MAC CE.
Long DSR MAC CE format is shown above. The BTi field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.
Proposal 10: Long DSR MAC CE format is shown above. The BTi field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.
In addition, we also propose to discuss the introduction of a fixed size short DSR MAC CE with one LCG. And the format can be:


Figure 3. Short DSR MAC CE.
Short DSR MAC CE format is shown above. The BT field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.
Proposal 11: Short DSR MAC CE format is shown above. The BT field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.
2.3	DSR trigger and SR trigger
In the last meeting, some conditions of DSR trigger have been agreed. However, we believe additional conditions still need to be considered.
First, not all data with remaining time equal to or below the threshold should trigger DSR. For example, when PDU Sets are not considered (e.g. the UE reported that it is not able to identify PDU Sets for the QoS flow(s) mapped onto this LCG) if an SDU has been discarded, the corresponding discard timer should not trigger a DSR when reaching the remaining time threshold. Similarly, when the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG, and all the SDUs in the PDU Set have been discarded (i.e. all have been successfully transmitted) their discard timers should not trigger a DSR when reaching the remaining time threshold. This translates into the following additional triggering condition for DSR:
Proposal 12: Additional triggering condition #1 should be considered as follows: 
· If the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG
· Additional triggering condition = “at least one the SDU in the PDU Set the triggering discard timer is related to, has not been discarded” 
· Else
· Additional triggering condition = “the SDU associated with the triggering discard timer has not been discarded” 
Also, even if the data has a short remaining time, but a known upcoming UL grant (either a recent dynamic grant or a configured grant) can accommodate its transmission within the remaining time, the UE should not trigger the DSR.
Proposal 13: Additional triggering condition #2 should be considered as follows: “no upcoming UL grant can be used to transmit the remaining PDUs of the delay-critical PDUs/PDU Set(s) before the discard timer expiry”. 
[bookmark: _GoBack]Finally, there is one more issue to note in[7]: whether the other discard timer (discardTimerForLowImportance) to be used when psi-based discard is enabled can also trigger a DSR. In our view, neither the legacy discardTimer nor the discardTimerForLowImportance should trigger a DSR during congestion. Indeed, when network/UE is in congested state, there may be many data stuck in the buffer. Since discardTimerForLowImportance will be configured with a smaller value compared with discardTimer, DSR will be triggered more frequently, which will increase the congestion. Therefore, in order to avoid aggravating the congestion situation, the UE should not trigger any DSR when psi-based discard is enabled.
Proposal 14: Additional triggering condition #3 should be considered as follows: “psi-based discard is disabled”. 
Because the DSR is time-critical, when the DSR is triggered, it needs to be sent to gNB as soon as possible. However, it could happen that there is no UL grant available for the UE when DSR is triggered. To solve the issue, similar to a regular BSR, a DSR needs to be able to trigger an SR transmission.
Proposal 15: Similar to a BSR, a DSR should trigger an SR.
The SR configuration used could be:
· Option 1: the SR configuration associated with the triggering LCH
· Option 2: a dedicated SR configuration
· Option 3: any SR configuration
Since the DSR is triggered by delay-critical data of a logical channel, the SR configuration should also be associated with the triggered LCH. Providing a dedicated SR configuration can result in additional overhead.
Proposal 16: An SR triggered by DSR is sent on the SR configuration associated with the triggering LCH.
[bookmark: _Ref149749583]2.4	DSR cancellation
Similar to the BSR, once a DSR is triggered, it is pending until it is cancelled. We need to agree on which conditions apply for cancelling a DSR. Clearly, similar to the BSR, a triggered DSR should be cancelled when a MAC PDU is transmitted and this PDU includes this DSR. Moreover, another condition for cancelling a pending DSR is when the triggering SDU has been discarded, since in that case, it is too late and useless to send the DSR.
Proposal 17: A triggered DSR should be cancelled when:
· a MAC PDU is transmitted and this PDU includes this DSR, or
· if the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG:
· all the SDUs in the PDU Set the triggering discard timer is related to, have been discarded.
· else:
· the triggering SDU has been discarded.
As with DSR cancellation, SR also has cancellation conditions. Clearly, a DSR-triggered SR should be cancelled when a MAC PDU is transmitted and this PDU includes this DSR. Moreover, another condition for cancelling an SR is when the DSR that triggered the SR is cancelled, since in that case, it is too late and useless to send the SR.
Proposal 18: An SR triggered by a DSR should be cancelled and the associated sr-ProhibitTimer shall be stopped when:
-	the MAC PDU is transmitted and this PDU includes the DSR MAC CE that triggered the SR; or
-	the DSR that triggered the SR is cancelled.
1. Conclusion
According to the analysis in Section 2, it is proposed:
Data Volume
Observation 1: Whether pdu-SetDiscard is configured or not is not an appropriate criterion to condition the granularity (SDU or PDU Set) of the delay-critical data volume.
Proposal 1: If the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG, the data volume calculation to be reported in the DSR considers the size of all remaining SDUs in the PDU Set(s) considered as delay-critical PDU Set(s) at the time the DSR is included in the MAC PDU.
Proposal 2: If the UE reported that it is not able to identify PDU Sets for any QoS flow mapped onto this LCG, the data volume calculation to be reported in the DSR is based on the legacy data volume calculation methods in PDCP and RLC, but limited to the SDUs which remaining time before discard timer expiry is below or equal to the DSR triggering threshold at the time the DSR is included in the MAC PDU.
Proposal 3: The 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 4: RLC PDU segment(s) not yet submitted to lower layers from an RLC SDU a segment thereof has been submitted to lower layers and which associated PDCP SDU discardTimer has expired shall be included in the data volume calculation in RLC for DSR.
Proposal 5: Proposal 4 is already implemented in the RLC running CR. Nothing else is needed

DSR MAC CE format
Observation 2: The content of DSR MAC CE includes the remaining time and the amount of data.
Proposal 6: The value range of the field of remaining time can be reduced to 4 bits.
Proposal 7: The Delay Status field and the value of remaining time in the Delay Status field can be expressed using a linear mapping.
Proposal 8: The DSR MAC CE can use either of the legacy or new BSR table to report the data volume of the delay-critical data.
Proposal 9: A field indicating which BSR table to use should be included in DSR MAC CE, and it should consist of a bitmap with length equal to the number of LCGs.
Proposal 10: Long DSR MAC CE format is shown in Figure 2. The BTi field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.
Proposal 11: Short DSR MAC CE format is shown in Figure 3. The BT field indicates which BSR table is used. The delay status field indicates the value of the remaining time. The buffer size field indicates the amount of data associates with delay status.

DSR trigger and SR trigger
Proposal 12: Additional triggering condition #1 should be considered as follows: 
· If the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG
· Additional triggering condition = “at least one the SDU in the PDU Set the triggering discard timer is related to, has not been discarded” 
· Else
· Additional triggering condition = “the SDU associated with the triggering discard timer has not been discarded” 
Proposal 13: Additional triggering condition #2 should be considered as follows: “no upcoming UL grant can be used to transmit the remaining PDUs of the delay-critical PDUs/PDU Set(s) before the discard timer expiry”.
Proposal 14: Additional triggering condition #3 should be considered as follows: “psi-based discard is disabled”. 
Proposal 15: Similar to a BSR, a DSR should trigger an SR.
Proposal 16: An SR triggered by DSR is sent on the SR configuration associated with the triggering LCH.

DSR cancellation
Proposal 17: A triggered DSR should be cancelled when:
· a MAC PDU is transmitted and this PDU includes this DSR, or
· if the UE reported that it is able to identify PDU Sets for the QoS flow(s) mapped onto this LCG:
· all the SDUs in the PDU Set the triggering discard timer is related to, have been discarded.
· else:
· the triggering SDU has been discarded.
Proposal 18: An SR triggered by a DSR should be cancelled and the associated sr-ProhibitTimer shall be stopped when:
-	the MAC PDU is transmitted and this PDU includes the DSR MAC CE that triggered the SR; or
-	the DSR that triggered the SR is cancelled.
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