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In the RAN2#119-e meeting [1], it is agreed that L2 enhancements including the BSR and assistance information for scheduling can be considered in order to support XR traffic
		1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).



In this contribution, we show our views on BSR enhancement for XR traffic.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
In the SID of Rel-18 XR [2], it is assumed that UL XR traffic includes pose/control update and video stream with stringent PDB:
	Many of the XR and CG use cases are characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB). Hence, there is a need to study and potentially specify possible solutions to better support such challenging services.


That is, if the UL data is not delivered to the network in time, the UL data would be discarded even though the UE receives the corresponding uplink grant to transmit the UL data. In this case, the packet delivery success rate for XR traffic would be degraded, causing frozen XR service or display and deteriorated user experience. Thus, satisfying strict PDB requirement for XR service should be considered, i.e., XR data should be delivered before exceeding PDB requirement.
Observation 1. If UL data for pose/control/video stream is not arrived in time, XR service or display would be frozen and user experience would be terribly deteriorated.
In order to schedule the uplink traffic before the required PDB (e.g., by using delay-aware scheduler), the network should have remaining PDB information of the uplink data prior to allocate the uplink grant. Given that the UE triggers BSR and SR operation when the UL data is available to the UE, it is suggested to enhance the BSR operation in order to indicate the remaining PDB information of the data.
Aspects on BSR trigger condition
In the current specification, BSR is triggered when the data is newly generated in a high-priority logical channel in an LCG (for Regular BSR), periodically (for Periodic BSR), or when there is padding bits (for Padding BSR). However, given that the BSR is not always triggered whenever the new data is arrived to the UE, current BSR triggering condition is not enough to serve the delay-sensitive traffic. For example, when the additional data with strict PDB is generated in the non-empty logical channel or in the logical channel with relatively low priority, the uplink scheduling for this additional data would be delayed since the Regular/Periodic BSR may not be triggered right away and the network may not know information on this additional data in time. As a result, the UE may receive the UL grant after the required PDB of the UL data, which causes data loss of XR traffic.
Observation 2. Current BSR triggering condition is not enough to support the delay-stringent XR traffic.
Therefore, the new triggering condition (e.g., time-based BSR triggering condition) is needed in order to schedule the uplink grant in time. For example, when the remaining PDB of buffered data is short, the UE may trigger the BSR in order to request the uplink resource immediately.
Proposal 1. RAN2 should study on time-based BSR triggering condition, e.g., when the remaining PDB of buffered data is lower than the predetermined value

Aspects on BSR format
In the current BSR format, only the amount of available UL data for each LCG is included. Therefore, when the network receives the BSR, the network knows only the amount of UL data but does not know how much time is left for the UL data until the required PDB. In this case, if the uplink scheduling is not allocated in required PDB, e.g., due to the network scheduling policy, the XR performance would be degraded as well as the UL resource would be wasted since the corresponding data is dropped.
Observation 3. Current BSR format without remaining PDB information may cause the scheduling delay of uplink grant, which causes packet drop by exceeding the PDB.
Regarding the BSR format with the remaining time information, followings could be considered:
· Option 1: In the new BSR MAC CE format, the remaining PDB is explicitly included. For example, when each buffered data has different remaining PDB, the BSR MAC CE includes minimum remaining PDB of the buffered data in order to ensure the transmission of uplink data within the required PDB.
· Option 2: In the new BSR MAC CE format, the amount of UL data with short remaining PDB (e.g., remaining PDB is less than the predetermined value) is included. 
When the remaining PDB is explicitly provided in the BSR (i.e., Option 1), the network may have flexibility to schedule the uplink grant considering the remaining time until the exceeding the PDB. However, if the only the remaining PDB value is provided, the network does not know the amount of data with short remaining PDB. The network may be hard to decide the amount of grant to transmit all data having short remaining PDB in a UE. In addition, when the BSR is retransmitted without the rebuilding the MAC PDU, e.g., due to HARQ retransmission, the value minimum remaining PDB would not be accurate, which causes the misalignment between the uplink grant scheduling and the PDB requirement of the UL data. Therefore, it should be carefully review whether the exact value of remaining PDB is really needed in the BSR format. In our view, new BSR format should include the information on amount of data which is needed to be transmitted immediately (i.e., Option 2). In this case, the remaining time information could be implicitly included, i.e., by configuring the value to determine whether the uplink data has short remaining PDB.
Proposal 2. RAN2 should study on new BSR format to include the amount of available data with short remaining time.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we show our views on BSR with delay information for XR traffic.
Observation 1. If UL data for pose/control/video stream is not arrived in time, XR service or display would be frozen and user experience would be terribly deteriorated.
Observation 2. Current BSR triggering condition is not enough to support the delay-stringent XR traffic
Observation 3. Current BSR format without remaining PDB information may cause the scheduling delay of uplink grant, which causes packet drop by exceeding the PDB.

Based on the above observations, followings are proposed.
Proposal 1. RAN2 should study on time-based BSR triggering condition, e.g., when the remaining PDB of buffered data is lower than the predetermined value
Proposal 2. RAN2 should study on new BSR format to include the amount of available data with short remaining time
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