[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 #121bis	R2-2303313 
E-meeting, April 2023	

Agenda Item:	7.5.4.1
Source:	OPPO
Title:	Discussion on BSR enhancement for XR
Document for:	Discussion, Decision

[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]This paper will discuss BSR enhancement for XR, which is included as the objective of capacity enhancement.
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);

Discussion
New BSR
[bookmark: _Hlk131162951]In the current system, the BS information buffered in the uplink is reported by BSR MAC CE. The Index field in the current BSR format is used to represent the BS value, which is a quantization indication of the BS of an LCG in the UE’s buffer. The Index field indicates a range of buffer size, i.e. the actual buffer size is between the pre-defined maximum and minimum values. The larger the Index is, the larger the quantization error is introduced. The above design is applicable to both two buffer size tables in MAC spec, i.e. Table 6.1.3.1-1 for the 5-bit Buffer Size field and Table 6.1.3.1-2 for the 8-bit Buffer Size field. As a result, it would be hard for the network to estimate the accurate data size for the specific LCG and then allocate a proper UL grant, especially when the reported Index is large. Inevitably, it leads to resource wasting or the data size stuck in the UE’s buffer. Note that such an issue is not very serious until we face the XR service which has the following characteristics in TR 38.838.
· High data rate, up to 60Mbps with limited latency, around 10-30ms
· Non-integer period with jitter
· Large and various packet size
Assuming the data rate of AR is 10Mbps, the mean packet size is 20833 bytes if the frame rate is 60fps. Then, the statistical values of the maximum and minimum packet size are 31250 bytes and 10417 bytes. In another case, if the data rate of AR changes to 30Mbps, the mean packet size is 62500 bytes. The statistical values of the maximum and minimum packet size are 93750 bytes and 31250 bytes. If such a huge BS size is reported by using the current BSR tables, quantization error could not be neglected. 
In RAN2#121, RAN2 agrees to introduce new BSR table(s) as well as exclude the dynamic BSR table.
· New BSR tables are fixed (=specified) or semi-static (RRC-based).
· FFS how many BSR tables are defined.
In our view, the fixed BSR table(s) is sufficient and can be pre-defined in the MAC spec, since what we discussed is the XR service which has a common/known packet size range. The fixed BSR table(s) would avoid the UE/network complexity to generate or update the BSR table(s) dynamically. On the number of new BSR tables, we have no strong view as long as the table matches the data size range we wanted. 
[bookmark: _Toc131761799]RAN2 considers introducing new fixed and pre-defined BSR table(s) for the XR service.
Typically, new BSR MAC CE would be introduced due to the usage of the new BSR table(s). In legacy, an LCG can contain at most four logical channels and the BSR MAC CE contains UL data volume per LCG. A UE calculates the BS per each LCG and uses the Index field in the BSR MAC CE to represent the associated BS value. To simplify the spec design, we understand the above rule can be reused for the new BSR table/BSR MAC CE usage, i.e. new BSR MAC CE would also report the BS information per the specific LCG(s). Accordingly, to avoid both legacy and new BSR MAC CEs containing the redundant report of BS of the same LCG, there should be a split between LCGs. For example, the BS of an LCG associated with the XR service can only be contained in the new BSR MAC CE while the BS of other LCGs can be contained in the legacy BSR MAC CE. Normally, the relationship between LCGs and the associated BSR MAC CE can be configured by the gNB or selected by the UE.
To assist the network in distinguishing which BSR MAC CE/BSR table is used in a specific BSR reporting and understanding how to decode the reported BS Index, as usual, a new eLCID(one-octet) would be introduced. If RAN2 eventually agrees with more than one new BSR table, a specific field in the new BSR MAC CE can be used to indicate which one of the multiple new BSR tables the UE is using now. Otherwise, the network cannot know how to decode the reported BS Index.
[bookmark: _Toc131761800]A new BSR MAC CE contains the BS information per the specific LCG which is associated with the XR service.
[bookmark: _Toc131761801]RAN2 considers introducing a new eLCID to represent whether it is the new BSR MAC CE or the legacy BSR MAC CE.
[bookmark: _Toc131761802]If more than one new BSR table is introduced, RAN2 considers a new field in the new BSR MAC CE to represent which one of those new BSR tables is being used.

Delay status reporting
In RAN2#120, RAN2 agrees to report delay information which is associated with data volume.
· 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.
We understand that the delay information would be the remaining time, which can be reported in the unit of the PDU Set. It is because the QoS-related characteristic (e.g. PSDB) and the corresponding operation are designed per PDU Set. But, we are also fine with per-data burst latency reporting, if it is assumed that PDU Sets in a Data burst arrive in a very short period of time and the network would allocate the resources based on the information of the data burst. In our view, the delay information contained in the MAC CE of a MAC PDU would be the difference value of the associated PSDB and the buffering time of the PDU Set/data burst. In addition, the value of such a latency contained in the MAC CE of a MAC PDU would be the one calculated based on the boundary of the PUSCH associated with this MAC PDU.
[bookmark: _Toc131761803]RAN2 considers that the remaining time is reported in the granularity of the PDU Set or data burst.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _Toc131761804]The delay information contained in the MAC CE of a MAC PDU would be the difference value between the associated PSDB and the buffering time of the PDU Set/data burst.
On whether to contain the latency information in the new BSR MAC CE (in section 2.1), we understand it depends on whether the new BSR MAC CE format allows a finer granularity to report the latency. If the answer is no, the gNB has no way to obtain the accurate remaining time associated with individual PDU Set/data burst. Accordingly, timely scheduling is hard to implement and the benefit of latency reporting is weakened. Note that, sometimes more than one PDU Set/data burst can be buffered in an LCG, some of which have been waiting for just a while but others have been waiting for a long time. Similarly, the remaining time is reported in the granularity of the PDU Set or data burst, the BS information reporting can also be with finer granularity, i.e. the PDU set or data burst.  Accordingly, the information in the new MAC CE or new BSR MAC CE is reported per LCG per PDU Set/data burst. 
[bookmark: _Toc131761805]RAN2 considers using a new MAC CE or the new BSR MAC CE to contain the remaining time and data volume. At least, the remaining time should be reported in the granularity of the PDU Set or data burst.
The following triggering criteria would be considered for remaining time reporting, e.g.
1) A report is triggered when a fresh PDU Set/data burst is available;
2) A report is triggered when the latency of a PDU Set/data burst buffered in the MAC layer approaches the threshold (e.g. PDSB).

Conclusion
We have the following proposals:
Proposal 1	RAN2 considers introducing new fixed and pre-defined BSR table(s) for the XR service.
Proposal 2	A new BSR MAC CE contains the BS information per the specific LCG which is associated with the XR service.
Proposal 3	RAN2 considers introducing a new eLCID to represent whether it is the new BSR MAC CE or the legacy BSR MAC CE.
Proposal 4	If more than one new BSR table is introduced, RAN2 considers a new field in the new BSR MAC CE to represent which one of those new BSR tables is being used.
Proposal 5	RAN2 considers that the remaining time is reported in the granularity of the PDU Set or data burst.
Proposal 6	The delay information contained in the MAC CE of a MAC PDU would be the difference value between the associated PSDB and the buffering time of the PDU Set/data burst.
Proposal 7	RAN2 considers using a new MAC CE or the new BSR MAC CE to contain the remaining time and data volume. At least, the remaining time should be reported in the granularity of the PDU Set or data burst.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] RP-230786 Updated WID on XR Enhancements for NR, Nokia, Qualcomm
[2] TR 23.700-60 Study on XR (Extended Reality) and media services
[3] R2-2302309 TR 38.835 v1.0.2, Nokia (Rapporteur) 
[4] TS 23.501 v18.1.0

	3/11	
