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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In TR 38.835 [1], additional BSR triggering conditions for timely availability of buffer status information has been identified. This contribution discusses PDU set BSR and associated trigger for XR.
	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);
-	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
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 1: 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.
However, in-band marking is not supported for UL PDU Sets, meaning, gNB is not aware of the received PDU Sets and only sees PDUs. And since legacy BSR (even considering enhanced BS table) only has LCG (so logical channel) granularity, it cannot provide PDU Set level buffer status. Similarly, the delay report being discussed so far in the SI is summarized as follows in the SI TR [1]:
	-	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.


From the above, we understand that the delay knowledge of buffered data is somehow related to the legacy BSR, rather than providing timing information at PDU Set level.
Therefore, gNB can know neither the amount of remaining UL data left for a given PSU Set, nor when/if a PDU Set has been received completely.
Observation 2: With legacy BSR, gNB can know neither the amount of remaining UL data left for a given PSU Set, nor when/if a PDU Set has been received completely, even considering delay report enhancements.
Moreover, the UL XR traffic carrying video frames is expected to be composed of PDU Sets with large payload variations which are unpredictable, and as discussed above, cannot be identified at PDU Set level by the legacy BSR. It is even more tricky when such UL PDU Sets are transmitted over configured grants, which have fixed size. And considering an objective of the XR WI is precisely to enhance CGs for better serving UL XR traffic, this is not an irrelevant assumption.   
Observation 3: UL XR traffic carrying video frames is expected to be composed of PDU Sets with large payload variations which are unpredictable, although possibly carried in (fixed-size) configured grants.
Hence to let the gNB  aware of an on-going PDU Set size in the UE buffer and allocate UL grant timely, additional BSR trigger should be considered, associated with a PDU-Set-specific BSR.
As shown in Figure 1, 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. Since this new BSR report would be included in the MAC PDU carrying the initial part of the PDU Set 1, there is no need to identify the LCG or LCH it is associated with.
Moreover, since this new BSR reports the buffer size of the remaining data of the on-going PDU set, gNB should anyway try to get the rest of the PDU set scheduled as soon as possible. So it can be discussed whether the delay report containing remaining time is needed in this case.


[bookmark: _Ref131186026]Figure 1 An example of BSR enhancement for XR services
Proposal 1: A new BSR, PDU-Set specific, is triggered when an UL grant cannot fit the complete PDU Set. FFS if it also includes a delay report associated with the PDU Set.
Conclusion
According to the analysis in section 2, we provide below observations and proposals.
Observation 1: 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.
Observation 2: With legacy BSR, gNB can know neither the amount of remaining UL data left for a given PSU Set, nor when/if a PDU Set has been received completely, even considering delay report enhancements.
Observation 3: UL XR traffic carrying video frames is expected to be composed of PDU Sets with large payload variations which are unpredictable, although possibly carried in (fixed-size) configured grants.
Proposal 1: A new BSR, PDU-Set specific, is triggered when an UL grant cannot fit the complete PDU Set. FFS if it also includes a delay report associated with the PDU Set.
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