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In RAN2 meeting #123, RAN2 agreed on the following with respect to delay status reporting (DSR) for XR [1]:
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.

In this contribution, we further discuss remaining issues on the detailed design for the DSR MAC CE.
Discussions 
On how many LCG(s) to be reported in one DSR MAC CE
In the legacy BSR, the Short BSR MAC CE and the Short Truncated BSR MAC CE are defined with one Buffer Size field of a single LCG while the Long BSR MAC CE and the Long Truncated BSR MAC CE are defined with multiple Buffer Size fields for multiple LCGs. In comparison, RAN2 has agreed to define a single MAC CE for DSR. Therefore, to determine the DSR MAC CE format, RAN2 need to first determine whether at most only one LCG configured for an XR UE can require the UE to send DSR or more than one LCGs configured for an XR UE can require the UE to send DSR. 
An LCG configured to include the XR UL video traffic would likely require the UE to send DSR. The UL audio traffic and pose/control traffic of the XR UE could be configured to the same LCG as the UL video traffic, or they could be mapped to different LCGs, which could be configured to use the legacy BSR MAC CEs (i.e., no need for reporting the delay status for them) if we consider that the UL audio traffic and pose/control traffic tend to have a very stable data rate/volume and have negligible jitters. 
If RAN2 decides that, for Rel-18 XR, at most one LCG configured for an XR UE may require the UE to send DSR, then the DSR MAC CE format can be simplified by not including any LCG ID indication, because the identity of the LCG reported in the DSR can be configured by the RRC signaling, to avoid one octet of signaling overhead. In this case, the DSR MAC CE includes at least one 8-bit Buffer Size field. Whether the DSR MAC CE can optionally include additional Buffer Size field(s) for the same LCG will be discussed in Section 2.2. And, whether the DSR MAC CE includes any Remaining Time field explicitly will be discussed in Section 2.3.  
In any case, if RAN2 decides that, for Rel-18 XR, more than one LCGs configured for an XR UE may require the UE to send DSR, then a simple way for defining the DSR MAC CE format is that the DSR MAC CE always includes a bitmap of 8 LCGi bits in the first octet (similar to the one in the Long BSR MAC CE), followed by a number of Buffer Size fields. Again, whether the DSR MAC CE includes any Remaining Time field explicitly will be discussed in Section 2.3.
Proposal 1. RAN2 first determine whether at most only one LCG configured for an XR UE may require the UE to send DSR or more than one LCGs configured for an XR UE may require the UE to send DSR.
Proposal 2. If at most only one LCG configured for an XR UE may require the UE to send DSR, the DSR MAC CE doesn’t include any LCG ID indication and the identity of the LCG reported in the DSR is configured by dedicated RRC signaling.
Proposal 3. If more than one LCGs configured for an XR UE may require the UE to send DSR, the DSR MAC CE always includes a bitmap of 8 LCGi bits in the first octet (like the one in the Long BSR MAC CE). 
On how many thresholds and how many Buffer Size fields per LCG
When the UL traffic of an XR UE includes the video traffic (where the DSR is most needed), we think the best strategy for the gNB to schedule the UL transmission of the UE is to use a combination of CG and DG, where a CG (with multiple PUSCH-Os) is configured targeting for the average data rates of the video (e.g., based on the average size of P frames), audio, and pose/control traffics while DG(s) are provided on-demand to supplement the CG, e.g., when a current traffic cycle includes an I frame, instead of a P frame. This combination can result in an optimal use of the CG-granted resources while minimizing the need for sending PDCCH(s) for DG(s) or UCIs for indicating unused CG-granted PUSCH-O(s). 
In such a scheduling strategy, the gNB is mostly concerned with whether the CG-granted resources scheduled for the UE for the oldest (or most urgent) traffic cycle is sufficient for the UE to transmit the data of that traffic cycle. Therefore, we think only one threshold per LCG is needed and the UE only needs to report the data volume of the most urgent traffic cycle (referred to as the urgent data volume) per LCG by including one Buffer Size field per LCG in the DSR. The data volume of a subsequent traffic cycle (referred to as the non-urgent data), if available at the time of the reporting, can be reported using one of the legacy BSR MAC CEs. The non-urgent data are transmitted in an opportunistic manner as long as they remain non-urgent, e.g., when there is leftover CG-granted resources during the most urgent cycle after all data of the most urgent traffic cycle have been transmitted, or when the cell is lightly loaded and the gNB is able to use the otherwise-unused UL resources to schedule additional DGs for the UE to transmit the non-urgent data, ahead of the time for dealing with the traffic belonging to respective traffic cycle. The coarse Buffer Size quantization granularity used in the legacy BSR is not critical in these cases, because in the case of leftover CG-granted resource being used, it is unlikely that an entire non-urgent data burst can fit in the leftover resource, and in the case where the cell is lightly loaded, the resource would be otherwise wasted anyway. When a non-urgent data durst becomes urgent (i.e., when the associated remaining time has dropped below the threshold), another DSR will be triggered and sent to report what is left in that data burst with the refined Buffer Size quantization granularity. 
Proposal 4. gNB configures one threshold of remaining time per LCG for separating urgent data from non-urgent data of the same LCG.
Proposal 5. There is only one Buffer Size field per LCG in the DSR for reporting the data volume of the urgent data of the LCG. 
Proposal 6. Data volume of non-urgent data (i.e., data of which the remaining time not meeting the threshold) are reported using one of the legacy BSR MAC CE and the legacy BS table.
On how to convey remaining time information in the DSR
There are two general approaches for conveying the remaining time information in the DSR sent to the gNB, namely explicit indicating and implicit indicating.
In the explicit indicating approach, the UE sends the remaining time information explicitly, e.g., along with the buffer size information in the DSR. To keep the signaling overhead to the minimal, we think only the remaining time information of the oldest (or the most urgent) data burst buffered for the LCG needs to be explicitly signaled to the gNB, e.g., along with the data volume information of the oldest data burst of the LCG. 
In the implicit indicating approach, even the remaining time information of the oldest (or the most urgent) data burst buffered for the LCG is not explicitly signaled in the DSR. Receiving the DSR implies that the data volume being reported for the LCG in the DSR is below the pre-configured threshold.
The explicit approach provides the gNB with more accurate delay information but requires extra signaling overhead and requires the gNB to keep tracking the remaining time. On the other hand, the implicit approach gives the gNB sufficient information regarding whether the currently scheduled UL resource for the UE is sufficient for delivering at least the urgent data within the current traffic cycle, without the extra signaling overhead and without a need for the gNB to track the remaining time. If RAN2 decides to support both explicit and implicit approaches, the gNB can use dedicated RRC signaling to configure a UE, e.g., on a per-LCG basis if the DSR includes reports of multiple LCGs, to use one of the two approaches for conveying the remaining time of the urgent data of an LCG being reported in the DSR.
Proposal 7. RAN2 study the two general approaches, i.e., explicit indication vs. implicit indication as described, for conveying the remaining time information to the gNB and consider adopting one of them or both.
Proposal 8. If RAN2 decides to support both explicit and implicit approaches, the gNB can use dedicated RRC signaling to configure a UE, on a per-LCG basis, to use one of the two approaches for conveying the remaining time of the urgent data of an LCG being reported in the DSR.
Proposal 9. If the explicit approach is configured for an LCG, the DSR MAC CE includes a Buffer Size field indicating the data volume of data of the LCG meeting the respective threshold configured for the LCG and a Remaining Time field indicating the remaining time associated with the data being reported in the associated Buffer Size field. 
Proposal 10. If the implicit approach is configured for an LCG, the DSR MAC CE includes a Buffer Size field indicating the data volume of data of the LCG meeting the respective threshold configured for the LCG, without the presence of a Remaining Time field for the LCG. However, it is implied that the remaining time associated with the data being reported for the LCG is below the respective threshold configured for the LCG.
On the DSR MAC CE format for XR
Based on the above discussions, in case that RAN2 decides that at most only one LCG configured for an XR UE may require the UE to send DSR, we propose that the DSR MAC CE format, as shown in Figure 1 below, be considered, where the identity of the LCG and the presence of the Remaining Time field are configured via dedicated RRC signaling. The value in the Buffer Size field is generated and interpreted using the new BS table. Our companion paper [2] provides details of such new BS table design.
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Figure 1
In case that RAN2 decides that more than one LCGs configured for an XR UE may require the UE to send DSR, we propose that the DSR MAC CE format, as shown in Figure 2 below, be considered, where the presence of the Remaining Time fields associated with the Buffer Size fields, which are present in the DSR MAC CE, are configured via dedicated RRC signaling. FFS: whether the Remaining Time fields can be shortened to a 4-bit field to reduce signaling overhead.
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Figure 2
Therefore, for XR, a UE may send its BSR/DSR in one of the following ways at any reporting instance:
1. One DSR MAC CE: 
a. used when reporting only for the XR LCG(s) and only with the urgent data volume(s) of it/them.
2. One of the legacy BSR MAC CEs: 
a. used when reporting for the non-XR LCG(s) and/or for the XR LCG(s) but only with the non-urgent data volume(s) of it/them (e.g., when no XR packet in the LCG can meet the threshold to be qualified as an urgent one).
3. One DSR MAC CE plus one of the legacy BSR MAC CEs: 
a. used when reporting both the urgent data volume(s) of the XR LCG(s) and one of the following: the non-urgent data volume(s) of the XR LCG(s), the legacy data volume(s) on the non-XR LCG(s), or both. 
Proposal 11. Depending on a decision on Proposal 1, RAN2 consider selecting a DSR MAC CE format from the DSR MAC CE formats described in Figures 1 and 2.
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 first determine whether at most only one LCG configured for an XR UE may require the UE to send DSR or more than one LCGs configured for an XR UE may require the UE to send DSR.
Proposal 2. If at most only one LCG configured for an XR UE may require the UE to send DSR, the DSR MAC CE doesn’t include any LCG ID indication and the identity of the LCG reported in the DSR is configured by dedicated RRC signaling.
Proposal 3. If more than one LCGs configured for an XR UE may require the UE to send DSR, the DSR MAC CE always includes a bitmap of 8 LCGi bits in the first octet (like the one in the Long BSR MAC CE). 
Proposal 4. gNB configures one threshold of remaining time per LCG for separating urgent data from non-urgent data of the same LCG.
Proposal 5. There is only one Buffer Size field per LCG in the DSR for reporting the data volume of the urgent data of the LCG. 
Proposal 6. Data volume of non-urgent data (i.e., data of which the remaining time not meeting the threshold) are reported using one of the legacy BSR MAC CE and the legacy BS table.
Proposal 7. RAN2 study the two general approaches, i.e., explicit indication vs. implicit indication as described, for conveying the remaining time information to the gNB and consider adopting one of them or both.
Proposal 8. If RAN2 decides to support both explicit and implicit approaches, the gNB can use dedicated RRC signaling to configure a UE, on a per-LCG basis, to use one of the two approaches for conveying the remaining time of the urgent data of an LCG being reported in the DSR.
Proposal 9. If the explicit approach is configured for an LCG, the DSR MAC CE includes a Buffer Size field indicating the data volume of data of the LCG meeting the respective threshold configured for the LCG and a Remaining Time field indicating the remaining time associated with the data being reported in the associated Buffer Size field. 
Proposal 10. If the implicit approach is configured for an LCG, the DSR MAC CE includes a Buffer Size field indicating the data volume of data of the LCG meeting the respective threshold configured for the LCG, without the presence of a Remaining Time field for the LCG. However, it is implied that the remaining time associated with the data being reported for the LCG is below the respective threshold configured for the LCG.
Proposal 11. Depending on a decision on Proposal 1, RAN2 consider selecting a DSR MAC CE format from the DSR MAC CE formats described in Figures 1 and 2.
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