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1	Introduction
In previous RAN2 meetings [1] [2] [3] [4] [5], 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:
· Remaining time status report: how to report remaining time associated with BS; 
· Intra-UE prioritization: Whether the intra-UE prioritization can affect the remaining time calculation;
· Trigger of BSR: how to trigger the BSR contains the remaining time;
· BSR table selection and design: how to select the table between the legacy and new BSR table, and how to design the new report mechanism to achieve the target quantization error.
2 Discussion
2.1 Remaining time status report
When discussing remaining time status reporting, one should consider XR traffic characteristics, in particular the fact that for UL AR traffic the PSDB is larger than the periodicity. In consequence, an LCH may buffer more than one data burst with different remaining PSDBs at the same time. If the UE reported the delay information using a separate MAC CE without information of the associated data volume, it would be impossible for the network to identify the exact data volume related to the remaining time. As a result, the network would not be able to schedule appropriate resources for transmission, which would affect the service performance of the UE and the network capacity.
Observation 1: A MAC CE which includes only the delay information without the association of data volume is not useful for facilitating network scheduling decisions.
Therefore, it should be possible to report multiple remaining time values associated with their data volumes for a single LCG. There are two ways to achieve this: 
1. Design a BSR MAC CE which includes the remaining time information together with the associated data volume(s). 
1. Specify a MAC CE including the remaining time value(s) only. Additionally, an association between the BSR MAC CE and the remaining time MAC CE would have to be specified. 
The pros and cons of these options are briefly summarized in Table 1.
Table 1. Summary of data volume and associated remaining time in the same or separate MAC CEs
	Options
	Option 1
	Option 2

	Descriptions
	Data volume and remaining time in the same MAC CE
	Data volume and remaining time in the separate MAC CEs

	Specification Impacts
	Low
· One new MAC CE format
	High
· Two new MAC CE formats (the introduction of a new BS table also requests for a new BSR MAC CE. Two LCID values would be used up);
· Need to define how to associate the remaining time with the data volume reported in separate MAC CEs.

	Signalling overhead
	Low (we assume no explicit value of remaining time is signalled but rather some indicates for the remaining time ranges and in this case 2~4 bits is sufficient for remaining time indication)
	Since the remaining time is reported in a separate MAC CE, the overhead will be higher. It can be even higher in case explicit value of remaining time would be reported.


Based on the analysis above, we suggest RAN2 to define one new BSR MAC CE format indicating the data volume together with its associated remaining time. Furthermore, the remaining time does not need to be indicated by an explicit value, but can be indicated using thresholds or ranges. We believe 2~4 bits is sufficient for remaining time indication to limit the related overhead.
1. Define a new BSR MAC CE format indicating the data volume together with its associated remaining time. The remaining time can be implicitly signalled based on pre-configured thresholds.
Since the UL AR traffic periodicity is smaller than the PSDB, a LCH may buffer more than one data burst with different remaining PSDBs at the same time. Furthermore, each LCG may contain more than one LCH. Therefore, one LCG may contain data with different remaining times and in this case, the UE should be able to report multiple BS values and associated remaining times in a single BSR MAC CE.
1. UE should be able to report multiple BS values and their associated remaining times in a single BSR MAC CE when there is data with different remaining times within the same LCG. 
In the BSR reporting mechanism, logical channels that have similar scheduling requirements are grouped into the same LCG. It is reasonable that XR and non-XR services belong to different LCGs because they have different data information and scheduling requirements. In addition, according to the above analysis, the UE needs to report the remaining time and the associated data volume information for the XR services so that the network can schedule appropriate resource for transmission. Therefore, the UE needs to know which LCGs need to report the remaining time which can be based on the network configuration.
1. The network should be able to configure which LCG should report the remaining time.
When a BSR including remaining time information is triggered and the MAC entity generates the MAC CE, the MAC entity needs to determine the remaining time and the associated data volume information. RAN2 agreed that the remaining time calculation is based on the PDCP discard timer value, which is maintained by the PDCP layer. Therefore, the PDCP entity should indicate the remaining time of the discard timers to the MAC entity.
Proposal 3: When BSR including remaining time information is triggered, the PDCP entity indicates the remaining time of the discard timers to the MAC entity.
2.2 Intra-UE prioritization
For intra-UE prioritization handling, in Rel-15, the priority of transmission scheduled by the DG is higher than that of CG transmission, i.e., if the configured grant resources overlap with the DG resources, the UE will ignore the configured uplink grant. Therefore, if the Rel-15 intra-UE prioritization mechanism is used for XR, it does not affect the remaining time calculation. However, in Rel-16, the autonomousTx can be configured and if the CG is deprioritized but the MAC PDU has already been generated, the reported remaining time will be inaccurate. Therefore, when discussing the impact of intra-UE prioritization on the remaining time calculation, RAN2 needs to first determine which mechanism (i.e., Rel-15 or Rel-16) is used in XR to handle the resource conflicts.
Observation 2: RAN2 should determine the baseline of intra-UE prioritization for resource conflict handling in XR. If the Rel-15 intra-prioritization mechanism is used for XR, it does not affect the remaining time calculation.
If the Rel-16 intra-UE prioritization mechanism is used for XR, there are two possible cases regarding the impact of intra-UE prioritization on the remaining time reporting:
· Case 1: DG is used to schedule the retransmission of the de-prioritized CG. In this case, the gNB is aware of the additional delay so it can understand the reported remaining time and align its understanding of the remaining time with the UE.
· Case 2: CG autonomousTx is used. In this case, the configured grant configured with autonomousTx is regarded as new transmission so the gNB is not aware of the delay. 
We believe Case 2 is a corner case in XR scenarios. CG autonomousTx is used for URLLC/IIOT where there are many simultaneous periodical traffic streams at a single UE. For XR, the number of streams is small (1-2) and intra-UE prioritization is not useful nor suitable for XR services. Besides, the gNB is aware of the configuration of the resources and can avoid such pre-emptions from happening. 
Based on the above analysis, we think that the impact of intra-UE prioritization on the remaining time calculation does not need to be considered within XR work. 
Proposal 4: There is no need to consider the impacts of intra-UE prioritization for remaining time reporting, i.e. any potential grant collisions can be handled by the gNB implementation.
2.3 Triggering of BSR 
According to the current specification [6], BSR will be triggered by some specific events, see below:
	[bookmark: _Hlk141349246]5.4.5	Buffer Status Reporting
……
A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
NOTE 1:	When Regular BSR triggering events occur for multiple logical channels simultaneously, each logical channel triggers one separate Regular BSR.


Note that the PDB of UL AR traffic is larger than its periodicity, so when a new data burst arrives, the previous data burst may still exist in the LCH. As shown in Figure 1, when data burst 2 arrives, data burst 1 may still exist in the LCH. In this case, none of the trigger events listed above happens and there will be no BSR for data burst 2. The details are as follows:
· Regular BSR: since the previous data burst may still exist in the LCH, the Regular BSR will not be triggered.
· Periodic BSR: as shown in Figure 2, even if the timer length of periodicBSR-Timer can be set to the periodicity of XR traffic and assuming there is no jitter, Periodic BSR still does not work for data burst 2 since as long as there is a Padding BSR triggered between the two data bursts, the periodicBSR-Timer will be restarted.
· Padding BSR: since there is still data in the LCH, the Padding BSR may not be triggered.
[image: ]
Figure 1: Exemplary BSR trigger events as per current specifications
In order to let the network know the data volume of a data burst as soon as possible, it would be beneficial to allow BSR to be triggered whenever a new data burst arrives at the UE. Alternatively, when the uplink jitter is negligible which is the case at least for some XR services, we can also consider to enhance the periodicBSR-Timer, for example, by avoiding periodicBSR-Timer to be restarted by other transmitted BSRs. 
In addition, considering that the UE may perform PDU set discarding for XR service, for example, timer based PDU set discarding or PSI based PDU set discarding, if the network cannot perceive the change of data volume in the UE, the network may schedule excessive resources to the UE leading to a waste of resources. So, in order to let the network know the data volume in the UE in the case of PDU set discarding, we propose RAN2 to introduce the trigger of BSR when the data volume of discarded packets exceeds a threshold. 
Proposal 5: BSR trigger can be enhanced in the following aspects:
· trigger BSR when a new data burst arrives (alternatively:  enhance the Periodic BSR by allowing the periodicBSR-Timer not to be restarted by other transmitted BSRs);
· trigger BSR when the data volume of discarded packets exceeds a threshold.
2.4 BSR table selection and reporting
During the RAN2#121 and RAN2#122 meetings, the following agreements were made on the design of the BS table:
	RAN2#121bis:
· 3.Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made.



	RAN2#122:
· 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 BSR 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 BSR table. On this case, we believe the UE shall fall back to the legacy BSR table. 
Proposal 6: 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 for BSR. 
RAN2 decided to introduce one static BSR table for Rel-18 XR as it was shown properly designed BSR table can reduce the quantization error of BSR to a low number for the XR traffic. On the other hand, it was argued by some companies that additional flexibility is needed in case new services emerge which will not fit the defined BSR table. We do not find such scenario likely to happen as already due to range limitation of the new table, the quantization error is reduced and it will be true also for future services. The problem may happen mainly in case the UE switches to the legacy table where the quantization error is higher. However, we expect the data volumes reported by the UE to be rather in higher ranges, especially for the emerging XR services where the required bitrates are likely to increase. 
Observation 3: Considering the new BSR table covers higher ranges of buffer status with a finer granularity, it is likely to fit future XR services as well. 
If the quantization error is believed to be still too high for some scenarios, we think the best approach is to allow the BSR value to be indicated with two indexes. In this approach, the first index refers to a legacy or new BSR table selected by the UE based on the data volume (as in proposal 5) to indicate a rough buffer size, while the second index indicates more precise buffer size. The BS values indicated by the 2nd-level index can be easily derived according to the bit width of the additional index by dividing the original BS range into several small ranges evenly, hence the BS values indicated by the 2nd-level index do not have to be hardcoded in the specifications. 
The example is shown in Figure 2 with the assumption that the length of the additional index is 2 bits. If the buffer size is 2000000 bits and the UE selects the legacy BS table, then the UE will use the index 195 of Table 6.1.3.1-2 firstly, which indicates the BS value is between 1989774 and 2118933. Furthermore, the UE uses an additional index 0 of the second index, which indicates the BS value is between 1989774 and 2022064. From these two indexes, network can get a more accurate buffer size information and alleviate the quantisation error. 
[image: ]
Figure 2: two indexes solution
There are significant advantages of this approach compared to other alternatives proposed in the past (e.g. configurable BSR tables):
· Additional index can be optional. UE can report the additional index only when the quantisation error exceeds the pre-configured or pre-specified threshold e.g. x% or x bytes. 
· This mechanism does not require the network to know the XR traffic characteristics for proper configuration. 
· The mechanism can be universally applied to all traffic types, data ranges etc. and will always allow to limit the quantization error.
Based on the consideration above, we propose the following:
Proposal 7: In case the quantization error needs to be reduced further, UE should use an additional index to indicate a more precise BS value based on the original index.
3	Conclusions
In this contribution, we discussed the three issues related to BSR for XR-specific capacity improvement. Based on our discussion, we conclude with the following observation and proposals:
For the remaining time status report:
1. A MAC CE which includes only the delay information without the association of data volume is not useful for facilitating network scheduling decisions.
Proposal 1: Define a new BSR MAC CE format indicating the data volume together with its associated remaining time. The remaining time can be implicitly signalled based on pre-configured thresholds.
Proposal 2: UE should be able to report multiple BS values and their associated remaining times in a single BSR MAC CE when there is data with different remaining times within the same LCG. 
Proposal 3: The network should be able to configure which LCG should report the remaining time.
Proposal 4: When BSR including remaining time information is triggered, the PDCP entity indicates the remaining time of the discard timers to the MAC entity.
For the intra-UE prioritization:
1. RAN2 should determine the baseline of intra-UE prioritization for resource conflict handling in XR. If the Rel-15 intra-prioritization mechanism is used for XR, it does not affect the remaining time calculation.
Proposal 5: There is no need to consider the impacts of intra-UE prioritization for remaining time reporting, i.e. any potential grant collisions can be handled by the gNB implementation.
For the trigger of BSR:
Proposal 6: BSR trigger can be enhanced in the following aspects:
· trigger BSR when a new data burst arrives (alternatively:  enhance the Periodic BSR by allowing the periodicBSR-Timer not to be restarted by other transmitted BSRs);
· trigger BSR when the data volume of discarded packets exceeds a threshold.
For the BSR table selection and reporting:
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 for BSR.
Proposal 7: 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 for BSR.
Proposal 8: In case the quantization error needs to be reduced further, UE should use an additional index to indicate a more precise BS value based on the original index.
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