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1	Introduction
In previous RAN2 meetings [1] [2] [3] [4] [5] [6], RAN2 discussed XR-specific capacity improvements and reached some progress.
In this contribution, we will further discuss the following four issues related to MAC enhancements based on the agreements and objectives of the WI:
· BS table selection: how to select the table between the legacy and new BS table;
· Number of thresholds for triggering DSR (DSR triggering threshold): whether multiple thresholds for triggering DSR are needed; 
· Number of thresholds for delay information reporting (DSR reporting threshold): whether DSR contains multiple data volumes whose remaining time are grouped by multiple thresholds; 
· Report of data volume with large remaining time: how to report the data volume whose remaining time is above the DSR reporting threshold(s);
2 Discussion
Considering there is no clear definition of DSR yet, we would like to firstly clarify the DSR and BSR in this document to avoid inconsistent understandings among different companies.
· BSR includes only data volume information of LCG.
· DSR includes remaining time information and data volume information of LCG.
2.1 BS table selection
During the RAN2#122 meeting, the following agreements was made on the design of the BS table:
	· Support one static BSR table with 8 bits BS field for Rel-18 XR (for all cases).


A new static BS table with 8 bits BS field is supported for XR which is assumed to cover narrower data volume range compared to legacy BS table. In addition, since the main goal of the new BS table is to reduce the quantization error, it is reasonable that it covers the BS range for which the legacy BS table cannot provide sufficiently fine granularity, i.e. a range of higher BS values. It may happen that the buffer size the UE intends to report does not fall into the range of the new BS table. In this case, we believe the UE shall fall back to the legacy BS table.
Proposal 1: The UE uses the new defined BS table if the buffered data volume is within the range of the new table, otherwise the legacy table is used. 
2.2 Triggering threshold for DSR
In RAN2#123 meeting [6], the following agreement was made on the network configured threshold for triggering DSR:
	· 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.


Once the data volume with remaining time has been reported to the network before, the network can deduce the current remaining time by itself. Hence, we think the remaining time of the data does not need to be triggered and reported multiple times.
Proposal 2: Only a single threshold is configured for triggering DSR per LCG.
2.3 Reporting threshold for DSR
When the DSR is triggered, the UE has to wait until there is UL grant to convey the DSR MAC CE. However, the delay between the time when DSR is triggered and the time when DSR is sent cannot be predicted.
Observation 1: There is an unpredictable delay between DSR triggering and DSR being sent.
Even if the DSR is reported, it also needs to leave enough time for the data transmission as a data burst may need to be transmitted via multiple PUSCH transmissions and the potential retransmissions. Hence, if there is only one reporting threshold, the reporting threshold cannot be configured as a small value. 
Observation 2: If DSR includes information associated to only one remaining time threshold, this threshold should be large enough to accommodate multiple PUSCH transmissions and the potential retransmissions for a data burst.
If we assume there is only one large reporting threshold configured per LCG for DSR, and the UE reports only the data volume whose remaining time is below the threshold, then there would be some problems for the network scheduling. For examples, as Figure 1 shows:
 [image: ]
Figure 1: illustration of problems caused by one threshold configured for DSR content
· Problem 1: the network receives the DSRs from two UEs, and network knows both UE1 and UE2 have the data buffered whose remaining time is below the configured threshold 20ms, however network does not know whose data is more urgent. Then the network may schedule the UE2 (with larger remaining time) before the UE1 (with smaller remaining time);
· Problem 2: there may be multiple data bursts with different remaining times in a LCG, the network should be able to schedule UEs more efficiently especially when the radio resource is not sufficient, for example the network can firstly schedule UE1 for the data burst with remaining time 3ms then schedule UE2, and then schedule UE1 again. However, this resource efficient scheduling cannot work as the network only knows the overall data volume below 20ms threshold;
· Problem 3: the remaining time of some data may be already very small, e.g. even smaller than a RTT. However, since the network only knows the data remaining time is <20ms, the network may still assign grant to UE1, which will waste the radio resource.
Observation 3: Having a single reporting threshold for a LCG will deteriorate the network capacity.
In order to resolve the above problems and to guarantee a better network scheduling, multiple reporting thresholds should configured per LCG should be supported for DSR.
Proposal 3: DSR should allow for reporting multiple remaining time thresholds and their associated data volumes.
Another problem which needs to be resolved is how to report the data whose remaining time is above the thresholds (i.e., D1 in Figure2). 
[image: ]
Figure 2: report of data volume with remaining time above the reporting threshold 
There are three options:
· Option1: report D1 together with D2 and D3 in a single DSR;
· Option2: report D1 via another DSR when its remaining time becomes lower than the reporting threshold;
· Option3: report D1 via BSR.
In Option 2, two individual DSR MAC CEs are transmitted, which will consume more radio resources. Moreover, network is not aware of D1 until its remaining time becomes lower than the reporting threshold. Before that, the D1 couldn't be scheduled even if the network has sufficient resources. 
In Option 3, since the PSDB of UL AR traffic is larger than its periodicity, when a new data burst (i.e., D1) arrives, the previous data burst (i.e., D2 and D3) may still exist in the LCH. So, the BSR may not be triggered for these newly arrived data. Besides, in Option 3 two new MAC CEs are needed, one for DSR and another one similar to the legacy BSR but using the new BSR table. With option 1, we can include all the information in the new DSR MAC CE and hence less specification impact will be introduced. Moreover, transmitting the additional BSR MAC CE, as in Option 3, will increase the system overhead.
Considering the above, we propose to apply Option 1: 
Proposal 4: DSR includes also the data volume whose remaining time is greater than the reporting thresholds.
3	Conclusions
In this contribution, we discussed the three issues related to DSR for XR-specific capacity improvement. Based on our discussion, we conclude with the following observations and proposals:
Observation 1: There is an unpredictable delay between DSR triggering and DSR being sent.
Observation 2: If DSR includes information associated to only one remaining time threshold, this threshold should be large enough to accommodate multiple PUSCH transmissions and the potential retransmissions for a data burst.
Observation 3: Having a single reporting threshold for a LCG will deteriorate the network capacity.
Proposal 1: The UE uses the new defined BS table if the buffered data volume is within the range of the new table, otherwise the legacy table is used. 
Proposal 2: Only a single threshold is configured for triggering DSR per LCG.
Proposal 3: DSR should allow for reporting multiple remaining time thresholds and their associated data volumes.
Proposal 4: DSR includes also the data volume whose remaining time is greater than the reporting thresholds.
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