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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For BSR enhancements, delay status reporting, new BSR tables and additional BSR trigger are captured in TR38.835 [1] for further study. This contribution discusses the three issues for XR-specific capacity improvement.
	TR38.835:
[bookmark: _Toc129434779]5.3.2	Layer 2 Enhancements
In order to enhance the scheduling of uplink resources for XR, the following improvements are envisioned:
-	One or more additional BS table(s) to reduce the quantisation errors in BSR reporting (e.g. for high bit rates);
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	Delay knowledge of buffered data, consisting of e.g. remaining time, and distinguishing how much data is buffered for which delay. It is to be determined whether the delay information is reported as part of BSR or as a new MAC CE. Also, how the delay information can be up to date considering e.g. scheduling and transmission delays needs to be investigated further.
-	Additional BSR triggering conditions to allow timely availability of buffer status information can be investigated further.


Discussion
Delay status reporting
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]During the SI stage, it was argued that the delay status report (DSR) should be in BSR MAC CE or a separate MAC CE. As stated in [1], DSR is associated with specific data buffered in UE. If it is reported in a separate MAC CE, we need to set the rules of how to associate it with a BSR. The benefit of separate MAC CE is that it can be multiplexed in MAC PDU(s) easily considering its small size. However, containing DSR in BSR MAC CE owns the benefit that the relationship between buffered data and remaining time can be acquired by gNB directly. Majority companies considered DSR in BSR MAC CE in last meeting. If RAN2 adopts this option, a compacted MAC CE structure should be designed to avoid a too large MAC CE size to be multiplexed in a MAC PDU. For example, the new BSR MAC CE can contain BSR+DSR for one LCG as shown in Figure 1. A new LCID should be used to indicate the BSR MAC CE containing DSR to differentiate from other kinds of BSR MAC CEs.


[bookmark: _Ref134457718]Figure 1 An example of DSR in BSR MAC CE
Proposal 1: DSR can be included in a new BSR MAC CE and the MAC CE structure should be compacted.
DSR should be configured per LCH, and the associated LCG may contain several LCHs. Two options could be considered: minimum delay value of the buffered data, or delay information of the oldest buffered data. Considering DSR is for delay-aware scheduling and the data with lowest remaining time should be scheduled first, minimum delay value of the buffered data should be considered for DSR. 
Proposal 2: DSR should be configured per LCH.
Proposal 3: DSR is associated with the LCH with minimal remaining time in the LCG.
PSDB is introduced as a new delay budget requirement for XR services that supersedes the legacy PDB when configured. PSDB should be used for DSR calculation when it is configured. Otherwise, PDB is used. The information in DSR could be the elapsed time since the arrival of the PDU set (when PSDB is used) / PDU (when PDB is used); or the remaining time of the PDU set/PDU until the target (PSDB/PDB) deadline. The elapsed time is simple for UE because it is determined directly from the current value of the PDCP discard timer. The remaining time should be the target PDB/PSDB – the elapsed time since the arrival of the first PDU of the PDU Set. It just needs one more subtraction in the UE. However, if all UEs report elapsed time to gNB, the gNB needs significant computation for delay-aware scheduling. Hence taking the residual time as the information in DSR is preferred.
Proposal 4: The information in DSR should be (PDB/PSDB – the elapsed time since the arrival of time of first PDU of the PDU Set).
Referring to [1], the latency of video could be of the order of 10 ms or in a range from 7-15 milliseconds. And the latency of pose information is in the range of 10-20ms. The delay report is usable only when the remaining time of packets is urgent and no recent UL grant can be used. So there are at least two conditions that should be considered to trigger the delay report: 1) Time threshold to the remaining time of the PDU set/PDU; 2) No UL transmission resource (such as CG resource) is available within the remaining time. The time threshold should be configured by gNB for the LCH.
While DSR is included in BSR MAC CE, we need to confirm if DSR is reported when legacy BSR is triggered. As proposal 1, we consider BSR MAC CE including both BSR and DSR as a separate BSR MAC CE format. So the simplest way is UE reports BSR MAC CE containing BSR only for legacy BSR triggers, and reports BSR MAC CE containing both BSR and DSR for DSR trigger.
Proposal 5: Delay report should be triggered when the remaining time of a PDU set/PDU exceeds a configured threshold and no recent UL grant can be used.
Proposal 6: UE reports BSR MAC CE containing BSR only for legacy BSR triggers, and reports BSR MAC CE containing both BSR and DSR for DSR trigger.
We consider the DSR format in Figure 1 and proposal 1. In the BSR MAC CE containing DSR, the granularity of DSR should be decided. Considering the latency time range of XR services, 4 bits are enough for the DS field. 4 bits can indicate 16ms at most and we don’t think remaining time larger than 16ms needs to be reported as DSR. Hence the DS field should report a remaining time in absolute value, and the unit should be ms.
Proposal 7: DS field in the BSR MAC CE can be 4-bit length and the remaining time in absolute value should be reported. The unit is ms.
New BSR tables
New BSR tables are introduced to decrease the quantization error of BSR. Considering the large range of BSR table (0 – 81338368 bytes), it is not possible to get enough fine BS value when the lower bound is 0 even if we double the buffer size fields.
Observation 1: Non-zero lower bound should be considered to get fine BS values.
Some companies suggest setting BSR tables based on the packet size ranges of different XR services. It is not realizable considering two aspects: 1) The BSR is not to report how much data arrive in average at the UE buffer, but to report how much data is still in the UE buffer. After a data burst transmission in the UL grant, the buffered data volume will vary quickly. 2) The packet sizes of specific XR service (such as video) can vary in a large scope and no authoritative value range can be found.
Observation 2: It is not possible to set static BSR table(s) based on the size ranges ([min, max]) of different types of XR services.
Although setting static BSR tables can simplify UE implementation, from the above observations, it is impossible to design static BSR tables with satisfied quantization errors. For configured BSR tables, the rough BS value range can be acquired based on the up-to-date information, such as the frame rate (via periodicity) and bit rate (via GFBR) of specific QoS flow. Moreover, multiple BSR tables could be configured for an LCG to decrease the quantization error further. 
Proposal 8: RAN2 adopts configured BSR tables.
Proposal 9: Multiple BSR tables could be configured for an LCG.
When multiple BSR tables are configured, each BSR table could be associated with an (e)LCID. The (e)LCID values and their application can be specified in MAC specification. Then the (e)LCID values do not need to be configured by gNB additionally. If the BS value to report is out of the range of the configured new BSR tables, legacy BSR table should be used.
To simplify the BSR MAC CE design, we consider three aspects:
· One BSR report should contain the BS values using same BSR table, so extra field such as BSR table index is not needed. The (e)LCIDs used for the new BSR tables can be reserved in MAC specification.
· 8-bit BS value size should be applied in the new BSR MAC CE, then gNB needs to configure [min, max] for specific BSR table only.
· Linear distribution should be used to generate the BSR table based on the configured [min, max] and 8bit BS value size.
For example, MAC reserves N eLCIDs (eLCIDx1 to eLCIDxN) for new BSR tables. When gNB configures [min1, max1] and [min2, max2] for LCG1, then eLCIDx1 is used to indicate the BS value within [min1, max1] and eLCIDx2 is used to indicate the BS value within [min2, max2]. When the BS value is neither in [min1, max1] nor in [min2, max2], the legacy BSR table is applied.
Note the design of new BSR tables is applicable to the BSR MAC CE containing DSR described in section 2.1 too.
Proposal 10: One (e)LCID should be associated with one BSR table, and one BSR report should use one BSR table only.
Proposal 11: UE selects BSR table based on its BS value. If the BS value is out of the value range of the new BSR table(s), legacy BSR table should be applied.
Proposal 12: 8-bit BS value size is applied to the new BSR tables.
Proposal 13: Linear distribution is applied to the new BSR table generation.
Additional BSR trigger
The XR traffic has the characteristics of periodicity, low latency, large packets and the variable packet size, especially for the video services. Legacy BSR triggers cannot satisfy the low latency requirements in some cases. For example, as shown in Figure 2, when PDU set 1 arrives at the UE buffer,  if there is another PDU0 belonging to an LCH with same or higher priority, regular BSR is not triggerred. Even CG resource has been prepared for the XR services, the remaining data of PDU set 1 is stuck in the UE buffer after UL transmission in CG resources due to the variable size of packets. Then the transmission of PDU set1 will be delayed.


[bookmark: _Ref134517662]Figure 2 An example of PDU set transmission
The PDU Set definition is as follows [1]:
	PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926 [6]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts or all of the information unit, when some PDUs are missing.


From the above, it is clear that packets of one PDU set need to be jointly processed for XR traffics. Therefore, once a PDU Set transmission has started, its completion should not be delayed. 
Observation 3: From UL scheduler perspective, packets of one PDU set should be jointly processed as much as possible, i.e. once a PDU Set transmission has started, its completion should not be delayed.
As shown in Figure 3, after UE transmits part of data of PDU set 1 (e.g. in CG), if the UE can report the remaining data from PDU set 1 to the gNB, gNB will allocate UL resource to the UE immediately. Therefore, new BSR trigger due to PDU set should be considered.


Figure 3 An example of BSR enhancement for XR services
Proposal 14: RAN2 introduce BSR trigger due to PDU set data leftover.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]One question is the BSR triggered by PDU set data leftover should report the data volume of a PDU set, or the data volume of LCG as in legacy. In other words, should we introduce another BSR MAC CE which reports the data volume of a PDU set? A simple way is to map a QoS flow to a DRB and then map to an LCG. Then the BS value of the LCG is the data volume of a PDU set.
To decrease the impact on data transmission, the BSR for PDU set should be compact. For example, it can include one fixed MAC subheader and one byte BS value. The (e)LCID in MAC subheader is used to indicate the PDU set level BSR. And the LCG field is not needed, because it would implicitly indicate the BS of the PDU Set carried in the MAC PDU together with the PDU Set BSR. In case the MAC PDU carries multiple PDU Sets, the BSR can indicate the remaining data for the most urgent PDU Set.
When DSR is triggered simultaneosly, the BSR MAC CE format in Figure 1 can be used.
Proposal 15: The BSR MAC CE format for PDU set BSR should be compact.
[bookmark: _GoBack]Conclusion
According to the analysis in section 2, we provide below observations and proposals.
Delay status report:
Proposal 1: DSR can be included in a new BSR MAC CE and the MAC CE structure should be compacted.
Proposal 2: DSR should be configured per LCH.
Proposal 3: DSR is associated with the LCH with minimal remaining time in the LCG.
Proposal 4: The information in DSR should be (PDB/PSDB – the elapsed time since the arrival of time of first PDU of the PDU Set).
Proposal 5: Delay report should be triggered when the remaining time of a PDU set/PDU exceeds a configured threshold and no recent UL grant can be used.
Proposal 6: UE reports BSR MAC CE containing BSR only for legacy BSR triggers, and reports BSR MAC CE containing both BSR and DSR for DSR trigger.
Proposal 7: DS field in the BSR MAC CE can be 4-bit length and the remaining time in absolute value should be reported. The unit is ms.

New BSR tables:
Observation 1: Non-zero lower bound should be considered to get fine BS values.
Observation 2: It is not possible to set static BSR table(s) based on the size ranges ([min, max]) of different types of XR services.
Proposal 8: RAN2 adopts configured BSR tables.
Proposal 9: Multiple BSR tables could be configured for an LCG.
Proposal 10: One (e)LCID should be associated with one BSR table, and one BSR report should use one BSR table only.
Proposal 11: UE selects BSR table based on its BS value. If the BS value is out of the value range of the new BSR table(s), legacy BSR table should be applied.
Proposal 12: 8-bit BS value size is applied to the new BSR tables.
Proposal 13: Linear distribution is applied to the new BSR table generation.

Additional BSR trigger:
Observation 3: From UL scheduler perspective, packets of one PDU set should be jointly processed as much as possible, i.e. once a PDU Set transmission has started, its completion should not be delayed.
Proposal 14: RAN2 introduce BSR trigger due to PDU set data leftover.
[bookmark: _Ref69910645]Proposal 15: The BSR MAC CE format for PDU set BSR should be compact.
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