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1. Introduction
In the last RAN2 meeting #119e, the topic of XR specific capacity improvements was discussed and the following relevant agreements were made [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).
· Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
· RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.
This document discusses possible enhancements to buffer status reporting for XR traffic.
1. Background
RAN1 has had some discussion on BSR and SR enhancements in RAN1 meetings #109 and #110. The main point under discussion in RAN1 has been on how to reduce the scheduling latency in the case of dynamic UL grants, i.e. from the initial point when the UE sends an SR to when the UL grants are scheduled for data transmission. It was agreed in RAN1 that when DG is used as the baseline, after SR is triggered, both BSR and UL data can be transmitted using the UL grant after SR.
Observation 1. [bookmark: _Toc115306478][bookmark: _Toc115342515][bookmark: _Toc115346010][bookmark: _Toc115346360][bookmark: _Toc115382132][bookmark: _Toc115386246][bookmark: _Toc115387309][bookmark: _Toc115387357][bookmark: _Toc115387390]For BSR related enhancements, RAN2 area of interest does not overlap with RAN1’s related discussion which mainly focuses on how to reduce the scheduling latency in the case of dynamic UL grants, i.e. from the initial point when the UE sends a BSR or SR to when the UL grants are scheduled for data transmission.
Many companies submitted contributions to the last RAN2 meeting #119 on this topic, from which, the following major points can be highlighted:
i) Large quantization error for large XR packets can be avoided by enhanced BSR granularity, by reporting buffer size more precisely.
ii) Latency information of buffered data can be included in the BSR for prioritized scheduling of low latency data or data for which delay budget is about to expire
iii) Traffic pattern can be included in the BSR to report changes to XR traffic pattern or packet arrival rate.
iv) New BSR triggers can be defined for example if there is low latency requirement for remaining data in buffer or if a new PDU set arrives in buffer etc.
In this contribution, we discuss how BSR could be enhanced for XR traffic for the following cases: (1) QoS aware scheduling and (2) efficient resource allocation in the event of PDU discard.
Discussion
BSR Enhancements for QoS Aware Scheduling
It can be assumed based on SA2 discussion and TR 23.700-60 [3] and the discussion in last RAN2, that in uplink, the UE might be aware of the XR traffic characteristics which includes PDU and PDU set related information, such as delay budget (per PDU or per PDU set), importance or criticality of a given PDU within a PDU set (i.e if other PDUs are dependent on a given critical PDU),  size of a PDU set, boundary indicators e.g first and last PDU of a PDU set etc. The XR information that may be available in UE and RAN are also discussed as part of the companion documents [4] and [5]. Based on the delay budget requirement for PDUs or PDU set, the UE can be aware of the tolerable delay for data stored in the UL buffer. The UE could indicate certain delay information to the gNB on the remaining time before expiration of e.g some preconfigured timer which could be based on delay budget requirement of the PDU(s) or PDU set in the BSR. This remaining time reflects after when the data stored in the UL buffer may be unnecessary to transmit i.e. as it would not meet the delay budget requirements. If the UE and gNB are cognizant of delay information for XR traffic such as the delay budget of the PDU or PDU set, especially for delay-sensitive data in the UL buffer, the UE could enhance L2 procedures. Such delay information could be conveyed dynamically e.g BSR sent for each PDU set, or it could be semi-static with delay information shared periodically with the periodicity value related to XR traffic arrival rate etc. Potential L2 enhancements are for the gNB to perform resource scheduling taking into account the remaining time before expiry and prioritizing accordingly when required (e.g. for important/priority data or delay sensitive data, or for HARQ, where the UE upon exhausting HARQ retransmissions could consider the packet as unsuccessfully delivered and could decide to discard the remaining packets of PDU set in the UL buffer.
Observation 2. [bookmark: _Toc115342516][bookmark: _Toc115346011][bookmark: _Toc115346361][bookmark: _Toc115382133][bookmark: _Toc115387391]By enhancing BSR reporting to include XR information of the delay or remaining time after which the data in the UL buffer may be unnecessary to transmit, other L2 procedures could be optimized. For example, taking into account this delay/remaining time during the resource scheduling by gNB or for UE to trigger the discard of dependent packets upon exhausting HARQ retransmissions.
[bookmark: _Toc115306479][bookmark: _Toc115095776][bookmark: _Toc115108809][bookmark: _Ref115304126][bookmark: _Toc115306481][bookmark: _Toc115342518][bookmark: _Toc115346013][bookmark: _Toc115346363]To reflect delay in BSR, a new BSR mapping table for delay values similar to Table 6.1.3.1-1 and Table 6.1.3.1-2 in TS 38.321 could be created. A new MAC CE for enhanced BSR could be defined to carry delay information for XR traffic. This delay information could be provided per logical channel group in which case it could be the worst case value, that is the smallest value of remaining delay budget of data carried by any given logical channel in a particular logical channel group. Alternatively, this value could be defined as the mean or average value for the remaining time before expiration of some delay threshold parameter/timer. 
Proposal 1. [bookmark: _Toc115386250][bookmark: _Toc115387393]UE can report delay information on remaining time after which the data in the UL buffer may be unnecessary to transmit. FFS whether existing BSR is updated or a new MAC CE is used to include this delay information. FFS how this delay information is used to enhance other L2 procedures.
BSR Enhancements for Resource Efficient Packet Discard
The topic of PDU discard is discussed in our companion paper [2]. If some critical PDUs within a PDU set are lost/corrupted/delayed during UL transmission, the transmitting entity (i.e. the UE) may decide to discard remaining PDUs within the PDU set to avoid unnecessary transmission. This decision could be made by the transmitter (i.e. UE) for example, based on some delay budget related timer, or if it deems a critical packet as failed transmission after it has exhausted HARQ retransmissions etc. A problem in relation to feedback and BSR from the UE side, which could arise in the case of PDU discard, is that network might have outdated BSR information when UE discards packets without knowledge of the network. In some cases, the network may have allocated UL grants for packets that are discarded by UE before gNB has received an updated BSR. In other cases, the network might have not allocated a grant yet but it can still be useful to know about a reduction in UE’s buffered data volume e.g. for future scheduling, resource usage/planning. An example of such scenario is shown in Figure 1 below.  


[bookmark: _Ref115342480]Figure 1: Updated BSR after PDU discard
It can therefore be useful for RAN2 to discuss ways of efficient buffer status reporting of XR traffic in uplink to avoid/minimize resource wastage in the event of packet discard e.g new BSR triggers in the event of packet discard etc.
Proposal 2. [bookmark: _Toc115095778][bookmark: _Toc115108811][bookmark: _Ref115182003][bookmark: _Ref115305242][bookmark: _Toc115306483][bookmark: _Toc115342519][bookmark: _Toc115346014][bookmark: _Toc115346364][bookmark: _Toc115386251][bookmark: _Toc115387394]It can be beneficial if the UE can report to the network about a reduction in the data volume of the UE’s buffer e.g. in the event of PDU discard for UL data (i.e. when UE discards data packets which were considered part of the UL buffer volume reported in a previous BSR to the network).
Observation 3. [bookmark: _Toc115095773][bookmark: _Toc115108813][bookmark: _Toc115306480][bookmark: _Toc115342517][bookmark: _Toc115346012][bookmark: _Toc115346362][bookmark: _Toc115382134][bookmark: _Toc115386247][bookmark: _Toc115387310][bookmark: _Toc115387358][bookmark: _Toc115387392]Network may have outdated BSR information of a given UE when this UE discards packets autonomously i.e. without knowledge of the network.
Proposal 3. [bookmark: _Toc115095779][bookmark: _Toc115108812][bookmark: _Toc115342520][bookmark: _Toc115346015][bookmark: _Toc115346365][bookmark: _Toc115386252][bookmark: _Toc115306484][bookmark: _Toc115387395]If Proposal 2 is agreed, RAN2 to discuss enhancements to buffer status reporting in the event of packet discard for the scenario described in Proposal 2. 
1. [bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086][bookmark: _Toc465993148][bookmark: _Toc465993084]Conclusion
The observation captured are the following:
Observation 1.	For BSR related enhancements, RAN2 area of interest does not overlap with RAN1’s related discussion which mainly focuses on how to reduce the scheduling latency in the case of dynamic UL grants, i.e. from the initial point when the UE sends a BSR or SR to when the UL grants are scheduled for data transmission.
Observation 2.	By enhancing BSR reporting to include XR information of the delay or remaining time after which the data in the UL buffer may be unnecessary to transmit, other L2 procedures could be optimized. For example, taking into account this delay/remaining time during the resource scheduling by gNB or for UE to trigger the discard of dependent packets upon exhausting HARQ retransmissions.
Observation 3.	Network may have outdated BSR information of a given UE when this UE discards packets autonomously i.e. without knowledge of the network.
The proposals captured are the following:
Proposal 1.	UE can report delay information on remaining time after which the data in the UL buffer may be unnecessary to transmit. FFS whether existing BSR is updated or a new MAC CE is used to include this delay information. FFS how this delay information is used to enhance other L2 procedures.
Proposal 2.	It can be beneficial if the UE can report to the network about a reduction in the data volume of the UE’s buffer e.g. in the event of PDU discard for UL data (i.e. when UE discards data packets which were considered part of the UL buffer volume reported in a previous BSR to the network).
Proposal 3.	If Proposal 2 is agreed, RAN2 to discuss enhancements to buffer status reporting in the event of packet discard for the scenario described in Proposal 2.
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