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1. Introduction
So far, RAN2 agreements on BSR related enhancements for XR traffic are the following:
	RAN2 #121bis-e
· Have more discussions on Option 2a (static BSR tables) vs Option 2b (RRC configured BSR tables). In next meeting, companies should explain how BSR table(s) are created and how many tables would be needed, and how the MAC CE structure will look like. Should also explain what is the expected quantization error.
· Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  
· Support of new BSR table(s) is based on NW configuration and UE capability. FFS whether the UE capability can apply to non-XR UEs.
· New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
· At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
· 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. 
· Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.
· As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 
· As working assumption (depending on how we create the new BSR table(s) and the MAC CE format), If more than one new BSR table are introduced, all of them have the same size BS field. FFS on the exact size. 
RAN2 #121
· New BSR tables are fixed (=specified) or semi-static (RRC-based). 
· FFS how many BSR tables are defined.
RAN2 #120
· RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
· RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay.
· RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.



This document discusses how BSR could be enhanced for XR traffic addressing: delay reporting, BSR in the event of PDU discard and additional BSR table(s).
Discussion
Delay Reporting
Aggregation level and reported value
RAN2 has agreed to introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. However, details on the format, value reported etc has not been decided in RAN2.
At any given time, there may be multiple PDU sets stored in the UL buffer, and each PDU set can have its own PSDB value. The definition of remaining time for PDUs or data stored in the UL buffer could vary according to the delay budget value of their associated PDU sets, however reporting delay information of remaining time per PDU set could potentially result in significant overhead, especially for smaller PDU sets. RAN2 therefore needs to decide on an aggregation level over which delay values (or remaining time) can be reported e.g over all PDUs/PDU-sets stored in the UL buffer, or per sub-group of PDU-sets. If the BSR is used to convey this aggregated delay information to the gNB, an appropriate aggregation level could be per logical channel group (LCG). This delay value could be reported for all, of only few LCGs, and the reporting can be configurable per LCG.
Proposal 1. [bookmark: _Ref118226917][bookmark: _Toc118409511][bookmark: _Toc127220574][bookmark: _Toc127398591][bookmark: _Toc127464791][bookmark: _Toc127464801][bookmark: _Toc127464820][bookmark: _Toc131430871][bookmark: _Toc131430917][bookmark: _Toc131430960][bookmark: _Toc131430983][bookmark: _Toc131495427][bookmark: _Ref131607900][bookmark: _Ref131607917][bookmark: _Toc131705964][bookmark: _Toc131722230][bookmark: _Toc134618939][bookmark: _Toc134619096][bookmark: _Toc134620548][bookmark: _Toc134710865][bookmark: _Toc134738450][bookmark: _Toc134738471][bookmark: _Toc134738495]Delay information based on the remaining time can be determined/reported by UE in the BSR at an aggregation level per logical channel group (LCG). Network can configure the UE for which (or all) LCGs this delay information can be included.
In the case of aggregation, it needs to be decided how the delay value is calculated e.g., it could be the mean or worst-case value across multiple PDU sets of a given LCG, that is, the smallest or mean value of remaining delay budget among PDU-sets mapped to that LCG. Since the aim is to aid faster scheduling especially for delay stringent XR traffic, it seems prudent to report the worst-case value, since this would dictate whether the PDU set is about to exceed its delay budget. Reporting the average value could be inefficient especially if there is large difference in remaining time of different PDUs or PDU sets.
Proposal 2. [bookmark: _Hlk131588177][bookmark: _Toc127220575][bookmark: _Toc127398592][bookmark: _Toc127464792][bookmark: _Toc127464802][bookmark: _Toc127464821][bookmark: _Toc131430872][bookmark: _Toc131430918][bookmark: _Toc131430961][bookmark: _Toc131430984][bookmark: _Toc131495428][bookmark: _Toc131705965][bookmark: _Toc131722231][bookmark: _Toc134618940][bookmark: _Toc134619097][bookmark: _Toc134620549][bookmark: _Toc134710866][bookmark: _Toc134738451][bookmark: _Toc134738472][bookmark: _Toc134738496]If multiple remaining times are available for one aggregation level, UE reports the worst-case (i.e. the smallest value) of remaining delay budget at the reporting aggregation level. E.g., one aggregation level is per LCG if Proposal 1 is agreed.

Remaining Time Based Configuration and Trigger
For data in the UL buffer, the UE can determine the remaining time before expiration of preconfigured timer based on the maximum delay constraint (e.g based on PDB/PSDB value) and the amount of time that the data has been queued/buffered. A new trigger condition can be introduced for when to provide the information associated with the remaining delay, based on a preconfigured delayThreshold value. In addition, network may disable or stop allowing such delay reporting if frequent delay triggered reports are being transmitted by the UE, or it could enable such delay reporting for delay critical applications. To this end, the network can configure a delayReportEnabled parameter per DRB or per MAC entity. Then, if delayReportEnabled is supported and enabled, the UE reports the aggregated remaining time value per LCG and the associated data volume in the BSR.
Proposal 3. [bookmark: _Toc127464793][bookmark: _Toc127464803][bookmark: _Toc127464822][bookmark: _Toc131430873][bookmark: _Toc131430919][bookmark: _Toc131430962][bookmark: _Toc131430985][bookmark: _Toc131495429][bookmark: _Toc131705966][bookmark: _Toc131722232][bookmark: _Toc134618941][bookmark: _Toc134619098][bookmark: _Toc134620550][bookmark: _Toc134710867][bookmark: _Toc134738452][bookmark: _Toc134738473][bookmark: _Toc134738497]Network can enable/disable delay information reporting by the UE by using a new delayReportEnabled parameter, e.g., which can be enabled for delay critical applications.
Proposal 4. [bookmark: _Toc127464794][bookmark: _Toc127464804][bookmark: _Toc127464823][bookmark: _Toc131430874][bookmark: _Toc131430920][bookmark: _Toc131430963][bookmark: _Toc131430986][bookmark: _Toc131495430][bookmark: _Toc131705967][bookmark: _Toc131722233][bookmark: _Toc134618942][bookmark: _Toc134619099][bookmark: _Toc134620551][bookmark: _Toc134710868][bookmark: _Toc134738453][bookmark: _Toc134738474][bookmark: _Toc134738498] A new trigger condition based on a preconfigured delayThreshold value is defined for UE to determine when to include delay information the BSR. For example, if delayReportEnabled is configured AND the remaining time for any given PDU set falls below delayThreshold, then UE reports the delay information and associated data volume.

Reporting Format
[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 can be defined to carry delay information for XR traffic, where this delay information is provided per logical channel group as the smallest or mean value of remaining delay budget of data carried by any given logical channel in a particular logical channel group. An example of such MAC CE is shown in Figures 1a and 1b below. In the example MAC CE in Figure 1a, it is assumed that for any LCG both the buffer size and the delay value is reported. In the example MAC CE in Figure 1b, it is assumed that LCG-ext is set to 1 for only those LCGs for which a delay value is reported.



[bookmark: _Ref114739212]Figure 1a: BSR MAC CE with Remaining Time Information reported for all LCGs



Figure 1b: BSR MAC CE with Remaining Time Information reported for some LCGs

Proposal 5. [bookmark: _Toc118118127][bookmark: _Toc118118272][bookmark: _Toc118409513][bookmark: _Toc127220577][bookmark: _Toc127398594][bookmark: _Toc127464795][bookmark: _Toc127464805][bookmark: _Toc127464824][bookmark: _Toc131430875][bookmark: _Toc131430921][bookmark: _Toc131430964][bookmark: _Toc131430987][bookmark: _Toc131495431][bookmark: _Toc131705968][bookmark: _Toc131722234][bookmark: _Toc134618943][bookmark: _Toc134619100][bookmark: _Toc134620552][bookmark: _Toc134710869][bookmark: _Toc115386250][bookmark: _Toc115387393][bookmark: _Toc134738454][bookmark: _Toc134738475][bookmark: _Toc134738499]A new MAC CE for enhanced BSR is defined to carry delay information for XR traffic, where this delay information is provided per logical channel group. 

New BSR Trigger for Discard Operation in XR
To avoid/minimize resource wastage following PDU discard, RAN2 can discuss methods of efficient buffer status reporting of XR traffic in uplink. One scenario where this is needed is in the event of XR traffic discard, i.e., when transmitting entity (i.e. the UE) decides to discard a PDU set, if some PDUs within that set are lost/corrupted/delayed during UL transmission [1]. In this case, a problem in relation to feedback and BSR from the UE side 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 not have allocated a grant yet, but it could still benefit from knowledge of reduction in UE’s buffered data volume e.g. for future scheduling, resource usage/planning. An example of such scenario is shown in Figure 2below.  


[bookmark: _Ref134620527][bookmark: _Ref134620520]Figure 2. Updated BSR after PDU discard
For this issue, a new BSR triggering condition can be introduced such that when UE performs the discard of packets, it sends an updated BSR to the gNB with the updated data volume in the buffer (after subtracting the discarded packets’ volume), i.e the UE reports a reduction in UL data volume via a BSR. It is also possible that following a discard operation, there may not be any data left in the UL buffer for that LCG, which could also be reported with the introduction of discard-based BSR trigger. 
Proposal 6. [bookmark: _Toc127220579][bookmark: _Toc127398596][bookmark: _Toc127464796][bookmark: _Toc127464806][bookmark: _Toc127464825][bookmark: _Toc131430876][bookmark: _Toc131430922][bookmark: _Toc131430965][bookmark: _Toc131430988][bookmark: _Toc131495432][bookmark: _Toc131705969][bookmark: _Toc131722235][bookmark: _Toc134618944][bookmark: _Toc134619101][bookmark: _Toc134620553][bookmark: _Toc134710870][bookmark: _Toc134738455][bookmark: _Toc134738476][bookmark: _Toc134738500]PDU discard at UE transmitter triggers a BSR to report reduction in UL buffer data volume.
The BSR transmitted in the event of PDU discard can potentially use the existing BSR MAC CE to report the data in the UL buffer, however some prohibiting conditions may be required considering also how often such PDU discard triggered BSRs can be generated. To this end, some additional condition(s) might need to be met in connection with the discard of the data for the UE.
1) In the event of PDU-set discard, the discard update BSR is only triggered if the volume of discarded data is more than configured threshold
2) A prohibit timer can be introduced such that a BSR once triggered in the event of PDU set discard, can only be re-triggered after a preconfigured time duration.
Proposal 7. [bookmark: _Toc127220580][bookmark: _Toc127398597][bookmark: _Toc127464797][bookmark: _Toc127464807][bookmark: _Toc127464826][bookmark: _Toc131430877][bookmark: _Toc131430923][bookmark: _Toc131430966][bookmark: _Toc131430989][bookmark: _Toc131495433][bookmark: _Toc131705970][bookmark: _Toc131722236][bookmark: _Toc134618945][bookmark: _Toc134619102][bookmark: _Toc134620554][bookmark: _Toc134710871][bookmark: _Toc134738456][bookmark: _Toc134738477][bookmark: _Toc134738501]RAN2 to discuss additional conditions e.g on the amount of discarded data, or time elapsed between discard triggered BSRs can be useful and may be needed for discard triggered buffer status reporting. 

Additional BSR table(s)
The need for additional BSR table(s) for XR is agreed in RAN2 with the purpose of reducing quantization errors for typical high volume of data in UL buffer which can be expected for XR applications with high bit rates; i.e., finer granularity than legacy one. It is still FFS whether the BSR table(s) are defined in a fixed or semi-static (via RRC signaling) way and how many of such additional BSR table(s) will be defined (i.e. one or more). Apart from this, there are also some other open aspects related to these additional BSR tables, which are discussed as follows.
[bookmark: _Ref131714887]Range of BS values for additional BSR Table(s) 
In the last RAN2 meeting, it was confirmed that dynamic and mixed kind of BSR tables are not considered, however the choice between fixed or semi-static tables has still not been made. A key deciding factor for open aspects, which are discussed in this section and the next, depends on the range of BS values which are considered for XR traffic. Legacy BSR tables follow an exponential quantization algorithm, and are defined as fixed tables for a large range of values for the buffer sizes, e.g., 0 to >150 kbytes for 5-bit buffer size field and 0 to >81Mbytes for 8-bit buffer size. For XR traffic, it is the understanding of companies that additional BSR tables will be defined to target large BS values with finer granularity. RAN1 TR 38.838 defines different traffic models, briefly summarized in table below for different XR traffic models (AR/VR and Cloud Gaming).
Table 1: XR traffic model
	Application
	Stream(s)
	↑ ↓
	Periodicity
(ms)
	Data rate (Mbps)
	Packet size
(bytes)
	PDB
(ms)

	VR
	Video
	DL
	16.6667
	30, 45
	Variable (*)
	10

	VR, AR(**)
	Audio/video
	DL/UL
	10
	0.756, 1.12 
	945, 1400
	30

	VR, AR, Cloud Gaming
	Pose/Control
	UL
	4
	0.2
	100
	10

	Cloud Gaming
	Video
	DL
	16.6667
	30, 8
	Variable (*)
	15

	AR
	1 or multiple
	UL
	16.6667
	10
	Variable (*)
	30, 10, 15


(*) Packet size is calculated based on a truncated Gaussian; (**) AR has similar VR model in UL (instead of DL)
From Table 1, we see that the average data rate for XR traffic (video or AR) is tens of Mbps, with periodicity of 60 fps or 16.67 ms, and PDB about 10 ms. It means that typically when UE reports one BSR (e.g. around every 20 ms), the worst case is that UE reports buffer value of 2 bursts (assuming PDB of 10ms for each burst). If UE reports BS value of 81 MBytes, for two bursts, with 60 fps video, on average, each data burst has the size of 81/2 MBytes. The supported throughput with BS size 81Mbytes, which is the maximum nominal BS value in current BS table, can then be calculated as 81/2 Mbytes * 8 bit / Byte * 60 / second = 19.44 Gbps, which seems more than sufficient. Since the decision on the range of BS values considered for XR traffic can be used as a pre-requisite for deciding whether the additional tables are fixed or semi-static, and considering the discussion above, RAN2 can start agreing that the new additional BSR table(s) can have the same (or even small) upper limit for BS value for the additional BSR table. 
Observation 1. [bookmark: _Toc131722237][bookmark: _Toc134619103][bookmark: _Toc134620539][bookmark: _Toc134710876][bookmark: _Toc134710889][bookmark: _Toc134738448][bookmark: _Toc134738493]For BS value of 81 Mbytes, with 2 bursts buffered and 60 fps packet arrival rate, the supported throughput can be calculated as 81/2 Mbytes * 8 bit / Byte * 60 / second = 19.44 Gbps, which seems sufficient for XR traffic.
Proposal 8. [bookmark: _Toc131705960][bookmark: _Toc131722227][bookmark: _Ref134618650][bookmark: _Toc134618934][bookmark: _Toc134619091][bookmark: _Toc134620544][bookmark: _Toc134710872][bookmark: _Toc134738457][bookmark: _Toc134738478][bookmark: _Toc134738502]The additional BS table(s) have the same or small range of BS values as the legacy BS table (i.e., up to 81Mbytes), i.e. no need to target a higher maximum value and instead the focus is on finer granularity.
In last meeting, RAN2 agreed that the new BSR table(s) are configured and used per LCG, i.e., different LCG can use different kind of BSR tables. From companies’ proposal, the following options summarize the proposed approaches:
Option (1) Static definition of the new table(s). Option 1) means that one (or more) table(s) are explicitly captured in the 38.321. For this option (1), different sub-options could be considered, e.g.:
Option (1.a)  Same range as legacy BS tables with finer granularity (e.g., using 10bits instead of 8 ones).
Option (1.b)  Different range (e.g., maximum, minimum or step),and potentially number of bits.
Option (2) Semi-static definition of the new table(s). Option 2) would allow certain level of flexibility by allowing network to configure certain parameter to determine the values of the table to be used.
Option (2.a)  Scaling factor to be used on top of legacy BSR table
Option (2.b)  Values to set minimum, maximum and/or delta to be used to create the new BS table
As the new BSR table(s) are per LCG instead than per UE, they could easily target specific ranges that better suits ongoing traffic event though this would add certain level of complexity. From companies’ TDocs last meeting, it is clear that certain flexibility is desirable although in most cases a single table might be sufficient. A compromise could be to agree on option (2) with specific default value defined in specification. 
Proposal 9. [bookmark: _Toc134618935][bookmark: _Toc134619092][bookmark: _Toc134620545][bookmark: _Ref134691393][bookmark: _Toc134710873][bookmark: _Toc134738458][bookmark: _Toc134738479][bookmark: _Toc134738503]The additional BS table(s) are defined semi-statically with a default value(s) being also captured in the specification. To discuss how the new semi-static BS table(s) are defined, e.g. option 2.a) scaling factor to be applied in legacy BS table, or 2.b) new range (including maximum, minimum and/or step) and number of bits. 

Choice of Quantization Algorithm 
There can be two possibilities for the quantization algorithm to be used (i) linear, or (ii) exponential. For the case of (i) linear quantization algorithm, the step size would be fixed. This could imply that for a range of large BS values (in the order of Mbytes), either multiple BSR tables need to be defined if a smaller step size is used, or a larger step size is used while limiting the number of additional tables to be introduced. Since the underlying motivation for such additional BSR tables is to have finer granularity for BS value reporting, the use of a uniform and large step size especially for lower/initial values in the additional table seems counter-productive. On the other hand, if a uniform and short step size is used, then for XR traffic with multiple PDUs of 1500 bytes in a single PDU set, where multiple PDU sets may co-reside in the UL buffer at any given time, and BSR only sent every couple of subframes (ms), this could imply addition of multiple BS tables, with relatively negligible increments for large BS values. A variable step size, that is, an exponential algorithm similar to legacy seems more appropriate to report the buffer size. Depending on the range of values to be supported, a single additional table may also be sufficient in the case of using an exponential quantization algorithm but more number of bits for the BS value could be added for finer granularity. As baseline RAN2 already agreed that linear distribution is used for the new BSR tables. Considering that certain flexibility is proposed in previous Proposal 9 by option 2.b), similar approach could be taken here.
Observation 2. [bookmark: _Toc131608066][bookmark: _Toc131722238][bookmark: _Toc134619104][bookmark: _Toc134620540][bookmark: _Toc134710877][bookmark: _Toc134710890][bookmark: _Toc134738449][bookmark: _Toc134738494]Decision on quantization algorithm and number of additional BSR tables to be defined depends on the range of BS values considered for XR traffic. In most cases, linear distribution is sufficient (which was already agreed as baseline), however there might be BS ranges in which exponential algorithm is preferable when quantization error is larger.
Proposal 10. [bookmark: _Toc134618936][bookmark: _Toc134619093][bookmark: _Toc134620546][bookmark: _Toc134710874][bookmark: _Toc134738459][bookmark: _Toc134738480][bookmark: _Toc134738504]If option 2.b) of Proposal 9 is agreed, default linear distribution is used but network could also configure exponential distribution when preferable due to the BS ranges. 

Reporting configuration
[bookmark: _Toc131430868][bookmark: _Toc131430914]RAN2 agreed that network configures which new table(s) the UE uses per LCG. However, it was left FFS whether more than one table can be used by a UE for a given LCG (i.e., legacy vs one of the new table(s)) and if so, how UE determines which one to use (e.g., based on buffer size) and how network knows which BSR table each LCG uses. The following options are possible:
Option (1) Single BS table is configured per LCG. This seems the simplest approach, however it has the limitation that the table may not be the optimum one for the current buffer volume and also the network would have to reconfigure the UE with the new BSR table to be used when traffic characteristic changes in that specific LCG.
Option (2) More than one BS table can be used per LCG and an trigger event determines which one to be used. A straightforward approach could be to define a pre-configured threshold on the buffer volume. In this case, if BS value is greater than threshold, the UE can use the new BSR table, otherwise it uses the legacy BS tables. If the UE does use the new BSR table, it can indicate a different LCID to differentiate which BS table (legacy or extended/new table) is being used for the BSR. If RAN2 decides that the BS values in the additional BSR tables may have some (or complete) overlap with the range of values supported in previous BS tables, UE behavior needs to be defined, i.e., whether it will always use the new table, or whether it only uses the new table in scenarios when quantization error is above a certain threshold.
Proposal 11. [bookmark: _Toc131722228][bookmark: _Toc134618937][bookmark: _Toc134619094][bookmark: _Toc134620547][bookmark: _Toc134710875][bookmark: _Toc134738460][bookmark: _Toc134738481][bookmark: _Toc134738505]More than one BS table can be used per LCG and a trigger event determines which one to be used at any given time. This trigger event used by UE is a threshold condition based on the buffer size aiming to reduce quantization error.

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 observations are captured as follows:
Observation 1.	For BS value of 81 Mbytes, with 2 bursts buffered and 60 fps packet arrival rate, the supported throughput can be calculated as 81/2 Mbytes * 8 bit / Byte * 60 / second = 19.44 Gbps, which seems sufficient for XR traffic.
Observation 2.	Decision on quantization algorithm and number of additional BSR tables to be defined depends on the range of BS values considered for XR traffic. In most cases, linear distribution is sufficient (which was already agreed as baseline), however there might be BS ranges in which exponential algorithm is preferable when quantization error is larger.

The proposals are captured as follows:
Proposal 1.	Delay information based on the remaining time can be determined/reported by UE in the BSR at an aggregation level per logical channel group (LCG). Network can configure the UE for which (or all) LCGs this delay information can be included.
Proposal 2.	If multiple remaining times are available for one aggregation level, UE reports the worst-case (i.e. the smallest value) of remaining delay budget at the reporting aggregation level. E.g., one aggregation level is per LCG if Proposal 1 is agreed.
Proposal 3.	Network can enable/disable delay information reporting by the UE by using a new delayReportEnabled parameter, e.g., which can be enabled for delay critical applications.
Proposal 4.	A new trigger condition based on a preconfigured delayThreshold value is defined for UE to determine when to include delay information the BSR. For example, if delayReportEnabled is configured AND the remaining time for any given PDU set falls below delayThreshold, then UE reports the delay information and associated data volume.
Proposal 5.	A new MAC CE for enhanced BSR is defined to carry delay information for XR traffic, where this delay information is provided per logical channel group.
Proposal 6.	PDU discard at UE transmitter triggers a BSR to report reduction in UL buffer data volume.
Proposal 7.	RAN2 to discuss additional conditions e.g on the amount of discarded data, or time elapsed between discard triggered BSRs can be useful and may be needed for discard triggered buffer status reporting.
Proposal 8.	The additional BS table(s) have the same or small range of BS values as the legacy BS table (i.e., up to 81Mbytes), i.e. no need to target a higher maximum value and instead the focus is on finer granularity.
Proposal 9.	The additional BS table(s) are defined semi-statically with a default value(s) being also captured in the specification. To discuss how the new semi-static BS table(s) are defined, e.g. option 2.a) scaling factor to be applied in legacy BS table, or 2.b) new range (including maximum, minimum and/or step) and number of bits.
Proposal 10.	If option 2.b) of Proposal 9 is agreed, default linear distribution is used but network could also configure exponential distribution when preferable due to the BS ranges.
Proposal 11.	More than one BS table can be used per LCG and a trigger event determines which one to be used at any given time. This trigger event used by UE is a threshold condition based on the buffer size aiming to reduce quantization error.

1. [bookmark: _Ref434066290]References
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[2] [bookmark: _Ref109653595]TR 23.700-60 (v1.2.0), Study on XR (Extended Reality) and media services, SA2, Rel-18, Dec 2022.


image1.emf
Buffer Size 1

Oct 1

Buffer Size 2

...

Buffer Size m

Oct 2

Oct 3

Oct m+1

Delay Value 1

Delay Value 2

...

Delay Value m

LCG

7

LCG

6

LCG

5

LCG

4

LCG

3

LCG

2

LCG

1

LCG

0

Oct m+2

Oct m+3

Oct 2m+1


Microsoft_Visio_Drawing.vsdx
Buffer Size 1
Oct 1
Buffer Size 2
...
Buffer Size m
Oct 2
Oct 3
Oct m+1
Delay Value 1
Delay Value 2
...
Delay Value m
LCG7
LCG6
LCG5
LCG4
LCG3
LCG2
LCG1
LCG0

Oct m+2
Oct m+3
Oct 2m+1



image2.emf
Buffer Size 1

Oct 1

Buffer Size 2

...

Buffer Size m

Oct 2

Oct 3

Oct m+2

Delay Value 1

Delay Value 2

...

Delay Value n

LCG

7

LCG

6

LCG

5

LCG

4

LCG

3

LCG

2

LCG

1

LCG

0

LCG-

ext

7

LCG-

ext

6

LCG-

ext

5

LCG-

ext

4

LCG-

ext

3

LCG-

ext

2

LCG-

ext

1

LCG-

ext

0

Oct 4

Oct m+3

Oct m+4

Oct m+n+2


Microsoft_Visio_Drawing1.vsdx
Buffer Size 1
Oct 1
Buffer Size 2
...
Buffer Size m
Oct 2
Oct 3
Oct m+2
Delay Value 1
Delay Value 2
...
Delay Value n
LCG7
LCG6
LCG5
LCG4
LCG3
LCG2
LCG1
LCG0
LCG-ext7
LCG-ext6
LCG-ext5
LCG-ext4
LCG-ext3
LCG-ext2
LCG-ext1
LCG-ext0

Oct 4
Oct m+3
Oct m+4
Oct m+n+2



image3.emf
UL Buffer

Failed 

transmission

...

Time

UE gNB

UL Buffer after PDU discard

...

PDU Set 1

PDU Set 2

...

...

...

PDU Set 2

...

Failure detection for PDU 3 

triggers PDU-set 1's discard 

(PDUs 6 - 20)

...

Remaining 

PDU Set 1

UL Buffer

...

Remaining PDU Set 2

Report UL buffer͛s 

volume reduction

Time


Microsoft_Visio_Drawing2.vsdx
PDU 10
UL Buffer
PDU 1
PDU 20
BSR: Buffer value ~ 30 PDU volume
Failed transmission
PDU 2
PDU 2
PDU 1
...

Time
UE
gNB

UL grant(s) ~5 packets

PDU 3
PDU 2
PDU 1
PDU 5
PDU 5
PDU 3
PDU 2
PDU 1
UL Buffer after PDU discard
...
...
PDU Set 1
PDU Set 2
...
PDU 10
PDU 1
PDU 20
PDU 2
PDU 7
PDU 6
...
...
PDU Set 2
UL grant(s) ~ 3 packets

PDU 10
PDU 4
PDU 5
...
PDU 10
PDU 4
PDU 5
...
Failure detection for PDU 3 triggers PDU-set 1's discard (PDUs 6 - 20)
BSR: Buffer value ~ 7 PDU volume

PDU 2
PDU 1
PDU 3
PDU 3
PDU 2
PDU 1
...
...
Remaining PDU Set 1
UL Buffer
PDU 10
PDU 4
PDU 5
...
Remaining PDU Set 2
UL grant(s) ~ 7 packets
Report UL buffer’s 
volume reduction
Time




