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1	Introduction
In the last meeting, some consensuses on capacity improvement for XR have been reached, one of which is shown as follows,
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, some potential enhancements on BSR will be discussed.
2	Discussion
[bookmark: _Hlk109915489]2.1 Overview
As illustrated in [1], the buffer status report, or BSR, is to provide the serving gNB with information about UL data volume in the MAC entity. The BSR MAC CE is a MAC subPDU, and MAC PDU consists of lots of different MAC subPDU.
The BSR MAC CE contains information only on logical channel group ID and buffer size, and has several formats and lengths, which are presented as follows,


Figure 2.1-1: Short BSR and Short Truncated BSR MAC CE



Figure 2.1-2: Long BSR, Long Truncated BSR, and Pre-emptive BSR MAC CE
Since BSR intentionally is designed only to transfer limited information about buffer status in UL and logical channel information, it is not difficult to infer that there exist some potential enhancements for current buffer status reporting mechanism and formats to carry more assistance information. 
Moreover, due to the limitation of byte length, the buffer size of short and short truncated BSR is divided into only 25 levels, resulting in a quite significate chasm between the neighboring buffer levels. Since allocating physical resource in gNB will refer to the buffer size reported in BSR, inaccurate buffer size report could cause waste of physical resource and even has impacts on system capacity.
2.2 BSR enhancement on granularity and BSR table
As discussed above, the 25 buffer levels of Short and Short Truncated BSR is likely to cause waste of physical resource. if it were to use finer granularity (or more buffer levels) for buffer status reporting, applying more bits for buffer size could be a reasonable solution.
It seems that to let Short or Short Truncated BSR to reuse the format of Long or Long Truncated BSR is a feasible approach for finer granularity. Since Long or Long Truncated BSR format has 8 bits for buffer size, it can provide finer granularity compared with the 5 bits buffer size in Short and Short Truncated BSR format.
However, in [1], it is clarified that only if more than one LCG has data available when the MAC PDU containing the BSR is to be built should the MAC entity report Long or Long Truncated BSR.
	For Regular and Periodic BSR, the MAC entity for which logicalChannelGroup-IAB-Ext is not configured by upper layers shall:
1>	if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
2>	report Long BSR for all LCGs which have data available for transmission.
1>	else:
2>	report Short BSR.


Besides, there are some potential drawbacks for reusing Long or Long Truncated BSR format to report Short or Short Truncated BSR. The LCG bitmap for Long and Long Truncated BSR is designed to let multiple LCGs to report the volume of available date simultaneously, while Short and Short Truncated BSR only needs to send available data volume for one single LCG. Therefore, when the logicalChannelGroup-IAB-Ext is not configured by upper layers, there can be 8 LCGs at most and 3 bits are sufficient for indicating LCG ID. Reusing Long or Long Truncated BSR format could cause extra overhead.
The other disadvantage for reusing Long or Long Truncated BSR format is that the Long or Long Truncated BSR are variable size, which means the subheader for Long or Long Truncated BSR will contain L field indicating its length. The L field will waste another 8 bits. While Short and Short Truncated BSR are fixed length and don’t need L field.
Observation 1: Due to L field and LCG bitmap, reusing Long or Long Truncated BSR format for Short or Short Truncated BSR can cause extra overhead.
Proposal 1: RAN2 is kindly asked to discuss whether to introduce new Short and Short Truncated BSR format for finer granularity.
As to the BSR table, there also exist some problems. The current BSR table curve is closer to that of an exponential function. However, in [2], it is illustrated that the size of video frame is modelled as a random variable following truncated Gaussian distribution.

For certain services, such as AR/MR or live broadcast, the UE may send video frame to gNB. Due to the difference between the CDF (cumulative distribution function) of Gaussian distribution and the exponential function, using current BSR table can result in inaccuracy in reporting the volume of available data.
Another worth noting issue is that under current buffer status reporting mechanism, the upper limit of Short and Short Truncated BSR is 150KB. When the volume of available data is larger than this upper limit, the gNB can only be indicated the buffer is large 150KB, while can not be indicated any other information on the actual volume of available data. Using more bits for buffer size reporting and modifying the upper limit can alleviate this issue to a certain extent. Increasing the upper limit of BSR table makes the reported buffer size which is less than the upper limit less accurate, while decreasing the upper limit can lead to less accuracy in large buffer size reporting.
Observation 2: Using a static BSR table can cause inaccuracy in reporting buffer size, especially when the actual buffer size is larger than the upper limit of BSR table.
Proposal 2: RAN2 is kindly asked to discuss whether to introduce more BSR tables for more accurate buffer size reporting.
There may be various enhancement approaches, all of which are welcome.
[bookmark: OLE_LINK13]2.3 BSR enhancement on additiional assitance information
As mentioned above, BSR is to provide the serving gNB with information about UL data volume. The information that BSR contains is inherently limited. However, it is not all drawbacks when it comes to reduce overhead. Current buffer status reporting mechanism is a compromise between efficiency and overhead, since using more bits in BSR for assistance information usually means less bits for MAC SDU.
Observation 3: BSR with assistance information can cause extra overhead.
Proposal 3: BSR with assistance information should be sent only when necessary to reduce overhead.
The information carried by BSR are only LCG ID and buffer size. LCG ID can provide ambiguous information on data priority and service type, while the buffer size can inform gNB of the volume of data available of the corresponding LCG. Since the information that BSR can provide for the scheduler can reluctantly fulfill minimum the requirements of scheduler, it is quite natural and reasonable to add more assistance information in BSR for scheduler optimization and enhancement.
As for the types and definitions of assistance information, there is an important principle that to provide enough flexibility and expansibility for subsequent potential enhancements in the future from our perspective. In addition, if the assistance information in BSR could be choose from several candidates (e.g., delay budget, remaining TTL or detailed information about priority, importance, desired minimum size of MAC PDU, or data type) according to actual requirements and send BSR with such assistance information, it would be beneficial for improving user experience and system capacity.
Moreover, there is a hypothetical circumstance where it definitely requires for BSR to provide assistance information from our perspective, that is there exist multiple logical channels in one LCG, in which different data is going to be multiplexed in one LCG, such as video slice from I, P or B frame, audio stream, head-tracking info and user input instructions. Those data with different importance and priority will be integrated into one LCG for transmission. At that time, the BSR for the corresponding LCG can only provide the volume of available data for all logical channels, while not delivering any information about importance, priority or data type.
In this hypothetical circumstance, it is essential to obtain assistance information in BSR to provide gNB with the specific data type or QoS parameters. Since the importance, packet size, and delay sensitivity for data from different logical channel are different. The awareness of scheduler of such kinds of assistance information also aids in optimization.
Observation 4: There exit several kinds of assistance information that can be BSR reflected for scheduler optimization.
Proposal 4: RAN2 is kindly asked to discuss whether multiple kinds of assistance information can be added to BSR.
Proposal 5: RAN2 is kindly asked to discuss what kind of assistance information (e.g., delay budget, remaining TTL, data type) should be reflected in BSR.
Please note that allowing BSR to obtain multiple assistance information does not mean more than one configured assistance information should be reported in every triggered BSR., because it would significantly increase the overhead. UE should be able to determine whether to obtain assistance information in BSR and select the most important or urgent one for delivering to gNB.
2.4 Further enhancements on BSR
Apart from the BSR enhancement approaches mentioned above, there still exist some other potential BSR enhancements. For example, should UE be allowed to report the volume of the video frames ready to be decode in its codec buffer, it could assistant the scheduler to avoid lagging caused by the exhaustion of buffered video frame by the awareness of the volume of buffered frame.
In conclusion, we believe that there may be other potential approach and recommend discussing related options for BSR enhancement.
Proposal 6: RAN2 to discuss whether application layer buffer status related information can be reported in BSR.
3	Summary
This contribution discusses potential enhancements on BSR for XR, the following are the observations and proposals that may be taken into consideration.
Observation 1: Due to L field and LCG bitmap, reusing Long or Long Truncated BSR format for Short or Short Truncated BSR can cause extra overhead.
Proposal 1: RAN2 is kindly asked to discuss whether to introduce new Short and Short Truncated BSR format for finer granularity.
Observation 2: Using a static BSR table can cause inaccuracy in reporting buffer size, especially when the actual buffer size is larger than the upper limit of BSR table.
Proposal 2: RAN2 is kindly asked to discuss whether to introduce more BSR tables for more accurate buffer size reporting.
Observation 3: BSR with assistance information can cause extra overhead.
Proposal 3: BSR with assistance information should be sent only when necessary to reduce overhead.
Observation 4: There exit several kinds of assistance information that can be BSR reflected for scheduler optimization.
Proposal 4: RAN2 is kindly asked to discuss whether multiple kinds of assistance information can be added to BSR.
Proposal 5: RAN2 is kindly asked to discuss what kind of assistance information (e.g., delay budget, remaining TTL, data type) should be reflected in BSR.
Proposal 6: RAN2 to discuss whether application layer buffer status related information can be reported in BSR.
References
[1] TS 38.321, V17.1.0, Technical Specification Group Radio Access Network; NR; Medium Access Control (MAC) protocol specification (Release 17), 3GPP
[2] TR 26.926, V1.2.0, Technical Specification Group Services and System Aspects; Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems; (Release 18), 3GPP
Buffer  SIZE


y = 7.2618e0.3311x
R² = 1

10	14	20	28	38	53	74	102	142	198	276	384	535	745	1038	1446	2014	2806	3909	5446	7587	10570	14726	20516	28581	39818	55474	77284	107669	150000	

image1.emf
Buffer Size LCG ID Oct 1


Microsoft_Visio_Drawing.vsdx
Buffer Size
LCG ID

Oct 1



image2.emf
Buffer Size 1

LCG

7

Oct 1 LCG

6

LCG

5

LCG

4

LCG

3

LCG

2

LCG

1

LCG

0

Buffer Size 2

...

Buffer Size m

Oct 2

Oct 3

Oct m+1


Microsoft_Visio_Drawing1.vsdx
Buffer Size 1
LCG7

Oct 1
LCG6
LCG5
LCG4
LCG3
LCG2
LCG1
LCG0
Buffer Size 2
...
Buffer Size m
Oct 2
Oct 3
Oct m+1



