
3GPP TSG-RAN WG2 Meeting #119bis-e                                              R2-2209472 Electronic, 10th – 19th Oct, 2022
                                   
Source:              CATT 
[bookmark: Title]Title:	             BSR enhancement for XR capacity
[bookmark: Source]Agenda Item:	8.5.4.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 agreed that:
	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).
1: 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.


And RAN1 agreed that:
	Agreement
RAN1 to make decision on the following in RAN1#110bis-e
· Support single DCI scheduling multi-PDSCHs/PUSCHs which is currently supported for FR2-2 to other SCS in FR1/FR2
Conclusion
There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement
Agreement
When DG is used as the baseline scheme, for the performance evaluation scheduling, after SR is triggered, both BSR and UL data can be transmitted using the UL grant after SR.
· Companies are encouraged to provide the size of resources by the first UL grant after SR

Agreement
Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
· Note that companies should indicate if and what BSR enhancement is assumed in their RAN1 proposals on CG and DG enhancements.
· RAN1 can evaluate BSR enhancement to improve capacity performance
Agreement
Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.
Agreement
Deprioritize the study of intra/inter UE prioritization/multiplexing enhancements to improve XR capacity performance.
· Agreement
· Rel-17 evaluation methodology for XR capacity enhancement captured in TR 38.838 is used as the baseline evaluation methodology for XR capacity enhancement of Rel-18 SI on XR enhancements.


According to RAN1 and RAN2 agreements, BSR enhancement for XR capacity should be discussed in RAN2. In this contribution, we list the potential BSR enhancements and propose considering new XR specific BSR triggers and reports (to be studied in high priority).
Discussion
The typical characteristics of XR service include: periodic, very large packet size for video traffic, variable packet size, unpredictable jitter, and ultra-low latency. We summarized the XR traffic streams statistical parameters based on [1] as Table 1 [2]. To cope with these characteristics, BSR enhancement should be considered.
Table 1: XR traffic streams statistical parameters
	Traffic
	Period (ms)
	Jitter
	Rate (Mb/s)
	Packet size (kbytes)
	Direction
	PDB
	Packet success rate

	
	(120fps)
	(90fps)
	(60fps - baseline)
	
	
	
	
	
	

	Video
	8.33333
	11.1111
	16.66667
	+/- 4ms
	45
	93.7 +/- 50%
	DL & UL
	10ms (baseline DL), 30ms UL
	99%

	Audio + data
	10
	0
	1.12
	1.4
	DL & UL
	30ms
	99%

	Pose/
control
	4
	0
	0.025
	100 bytes
	UL
	10ms
	99%



In last meeting, some enhancements were mentioned by companies.
1) New BSR table [3][4] 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Current BSR table is deduced by an exponential function. The motivation to introduce a new BSR table is that the buffer size of most XR service flows is large, and the quantified error due to the large value of buffer size is considerable. For example, the BS value difference between index 188 (≤ 1364342) and index 189 (≤ 1452903) is 1364342 bytes. We take this example because it is not an extreme case considering one packet size could be 140 kbytes and the data in UE buffer can be more. If gNB allocates UL resources based on the BSR without any further correction on the BS value, the waste of UL resource is unbearable. From this aspect, a new BSR table with finer granularity for large BS values seems necessary.
However, multiple BSR tables had been discussed since LTE CA. In principle, only if gNB doesn’t allocate all UL resources in one UL grant, it can get further buffer information, such as via padding BSR. Then the waste of UL resource should not be so much. Furthermore, companies suggest new BSR trigger and report to resolve packet variation and jitter which we will discuss below. They may resolve the waste of UL resources simultaneously. We can consider new BSR table after the discussion on the other enhancements. 
Proposal 1: New BSR table can be considered if the waste of UL resources cannot be resolved by other (potentially agreed) solutions.
2) Extra information of the buffered data
Some extra information is suggested to be included in the report to help low-latency and efficient scheduling.
· Time delay information [3][5][7] [10][11]
· Number of PDUs in the PDU set [8] [9]
· The importance level of the PDU set [8]
· Expected arrival time of last PDU in PDU-set[9]
Generally speaking, when the gNB receives the first PDU in a PDU set or BSR containing the BS value belonging to the LCG (with high priority) for XR service, it should allocate UL resources for the XR services immediately since it knows the low-latency requirements. Time delay information and/or the expected arrival time of last PDU in PDU set may be useless when they are included in BSR.
Number of PDUs in the PDU set cannot be used alone because the PDU sizes in a PDU set are not necessarily the same. Alternatively, the data volume of remaining data of the PDU set can help gNB to schedule the XR service accurately which we discuss in the third enhancement.
The importance levels of the PDU sets are classified among the frames of one XR service. It may be useful when UE performing LCP. But it is not suitable to be included in BSR. For example, if both PDU set of I-frame and PDU set of P-fame in one XR service are in UE’s buffer, it is not clear for UE how to report them and for gNB how to schedule them since they are served by the same DRB (to keep in-order delivery).
Accordingly, the usages of the extra information are unclear. So we should not revise BSR MAC CE format to contain any new information now.
Proposal 2: RAN2 should not revise BSR MAC CE format to contain any new information unless it is essential for XR service.
3) New BSR trigger and report
[5] proposes allowing long BSR even when only one bearer has data buffered considering the finer granularity of buffer size in long BSR MAC CE.
The proposal is resonable because 5-bit BSR table and 8-bit BSR table have totally different granularities around the value range of XR packets.
[2] [10] [11] consider the PDU set level BSR trigger and report.
The new BSR trigger and report have fewer impacts on the MAC specification and can satisfy the requirements of large packet size, packet size variation, jitter and low latency well.
Due to the periodicity of XR services, gNB should configure CG resources or pre-allocate UL grants for them. Considering the variable packet size, if gNB configures the CG resources for the largest packet size, the resource usage is not efficient, and if gNB configures the CG resources for the average or small packet size, then a larger PDU set may not fit in the CG resource. In such case, the leftover bytes of the PDU set can be carried in the next CG opportunity or the gNB should allocate some additional resource quickly dynamically. Given the specific SA2 requirement of PDU-sets that “Packets of one PDU set need to be jointly processed for XR traffics” it is clear that the latter option should be enforced. Therefore, in order to let the gNB aware of the packet size in UE buffer and allocate UL grant timely, a new BSR trigger and report should be considered.
As shown in Figure 1, after UE transmits part of data in PDU set 1 in the CG opportunity (CGO), if the UE can report the remaining data in PDU set 1 to the gNB, gNB can allocate UL resource accordingly to the UE immediately. Hence a new BSR trigger due to remaining data of the transmitting PDU set should be considered. Additionally, the buffer size in the new BSR should be much less than the whole PDU set, then the new BSR table with finer granularity may not be needed.


[bookmark: _Ref109766717]Figure 1 An example of BSR enhancement for XR services
[bookmark: OLE_LINK3]Proposal 3: New BSR trigger and report mechanism should be considered in high priority, such as:
· Reporting long BSR for one LCG, and
· BSR trigger and report due to remaining data of the current PDU set being transmitted.
The new BSR report for the remaining data of the PDU set could be designed in two different ways:
· Option 1: using current BSR format and contents with NW restriction. Specifically, one XR service (such as video) is mapped to one LCH and the LCH is mapped to one LCG. Assuming the PDU sets arrive in UE buffer in sequence (not considering jitter), when the UE triggers and reports the new BSR, there is only the remaining data of PDU set buffered in the UE corresponding to the LCG. So gNB can identify the PDU set level BSR implicitly.
· Option 2: using current BSR format with a new LCID indicating the PDU set level BSR. Then with the new LCID, UE reports the PDU set buffer in the LCG and gNB can differentiate it from normal BSR.
Option 1 is too risky because, due to jitter and for the high rate video streams, it could occur that the next frame has already arrived in the UE buffer while the current one it still being transmitted. In such case, the gNB cannot determine unambiguously the leftover bytes for the on-going PDU-set. In comparison, Option 2 provides non-ambiguous information, is simple and current BSR format can be reused untouched. So option 2 is preferred.
Proposal 4: RAN2 introduces PDU set BSR reusing current BSR format with new LCID. 
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: New BSR table can be considered if the waste of UL resources cannot be resolved by other (potentially agreed) solutions.
Proposal 2: RAN2 should not revise BSR MAC CE format to contain any new information unless it is essential for XR service.
Proposal 3: New BSR trigger and report mechanism should be considered in high priority, such as:
· Reporting long BSR for one LCG, and
· BSR trigger and report due to remaining data of the current PDU set being transmitted.
Proposal 4: RAN2 introduces PDU set BSR reusing current BSR format with new LCID.  
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