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1	Introduction
[bookmark: _Hlk127457765][bookmark: _Hlk127457838]In RAN2 121[1], consensus has been reached on BSR and new BSR tables for XR, and several specific measures were agreed upon. These consensus include the following:
New BSR tables are fixed (=specified) or semi-static (RRC-based).
FFS how many BSR tables are defined.
In this contribution, a comprehensive discussion on BSR enhancement will be conducted for XR service.
2	Discussion
[bookmark: _Hlk109915489]2.1 Configurable BSR table
Following the latest discussion, There are two majority views in RAN2 on the enhancement of BSR table, one of which is that the new BSR table is fixed. And the consideration for such approach is mostly due to the convenience of UE implementation and avoid the overhead of caused by transmitting specified BSR tables between UE and NW.
The other approach is to use semi-static (RRC-based) BSR table. Companies who prefer this approach think the fixed table cannot adopt the numerous variations and diversity of XR services and applications, which can result in the difficult of ensuring the quantization error of fixed table meet the QoE and QoS requirements of XR service.
From the perspective of minimizing the quantization error, a most feasible solution is to design a BSR table close to the actual buffer occupation of UE, namely the BSR table is dynamically generated based on UE real-time buffer usage. We believe that it should provide the least quantization error compared to fixed and semi-static BSR table. However, dynamic BSR table requires UE to monitor its buffer usage and NW to maintain a dynamic BSR table for each UE. And the synchronization of BSR table between UE and NW is necessary to ensure the BSR table used in NW and UE are the same, which the overhead of synchronization increase.
While the problem of fixed table is that it is difficult of design a BSR table suitable for multiple XR services and traffic flows. Moreover, it is also difficult to estimate how many fixed BSR need to be defined, especially considering the video streams has various resolutions, refresh rates and code rates.
Observation 1: Dynamic BSR table can cause signaling overhead and difficulty of UE and NW implementation, while it is also hard to determine how many fixed BSR table is sufficient for XR since video stream has various resolution, refresh rate and code rate.
Therefore, using RRC-based configurable BSR table is the feasible approach. The RRC entity (either UE or NW) can determine an adoptable BSR table with limited parameters for the current XR traffic based on the buffer usage for UE and BSR for NW and inform the UE or NW to use the same BSR table to ensure that no misunderstanding is caused. This can also achieve a compromise in terms of implementation difficulty, signaling overhead and quantization error.
Since XR services may have many types of data in the uplink, such as video frames, audio, head tracking and controller input, which have different traffic patterns, introducing only one BSR table is not sufficient.
Proposal 1: Introduce multiple configurable semi-static BSR tables (with limited parameters) for XR.
Since the BSR is a summary of UE uplink buffer usage for each LCG in nature, it is reasonable to let the UE choose the appropriate BSR table since the UE can directly obtain the change of buffer status of each LCH and LCG, while the NW can only know the buffer status of the LCG after the UE sends the BSR. And there may be implementation difficulties for the NW to monitor and maintain the buffer status for all UEs. 
However, the network should also be able to take over this operation (choose BSR table for UE) when necessary to avoid increasing the processing burden of UE.
Proposal 2: NW can configure multiple semi-static BSR tables for UE, either UE or NW can choose a suitable one to use and inform the other.
2.2 BSR table definition
Since BSR actually reflects the buffer status of each LCG in uplink and BSR is also an important basis for MAC scheduler to decide the priority and transmission block size during resource allocation, it is necessary to ensure that the introduced XR-specific BSR table can truly reflect the traffic pattern of XR services.
In the previous discussion, we have mentioned that the traffic flow of XR uplink mainly includes video frames, voice packets, pose and controller input and other parts of signaling (such as ACK for downlink video frames and data packets, synchronization signaling, etc.). They all have different probability. In addition, some third-party studies also point out that the video frame size obeys the Gaussian distribution. And in the RAN1 SI  "Study on XR Evaluations for NR"[2], truncated Gaussian distribution are applied for packet size distibution in VR and AR. 
	In Model 1, all AR UL flows are modelled as a single stream with following parameters.
[bookmark: _Ref83127877]Table 5.5.2.1-1: Statistical parameters for AR UL Model 1 (one stream model)
	Parameters
	unit
	value

	Packet size
	byte
	Follows clause 5.1.1.1 (i.e., mean packet size = R×1e6 / F / 8, STD/Min/Max=10.5/50/150%)

	packet generation rate: F 
	Hz
	60

	Jitter
	ms
	Optional, follows the description in clause 5.1.1.2

	Data rate: R
	Mbps
	10 (baseline), 20 (optional)

	PDB
	ms
	30 (baseline), 10 or 15 or 60 (optional)


Note that Model 1 is optional for power evaluation and baseline for capacity evaluation.
Quote from clause 5.1.1.1:
The size of a packet is determined by the given data rates and frame rates, which is modelled as a random variable following truncated Gaussian distribution with following statistical parameters.
Table 5.1.1.1-1: Statistical parameters for packet size following truncated Gaussian distribution
	Parameter
	unit
	Baseline values for evaluation
	Optional values for evaluation for single eye buffer

	Mean: M
	byte
	R×1e6 / F / 8
	R×1e6 / F / 8

	STD
	byte
	10.5% of M
	3 % of M

	Max
	byte
	150% of M
	109% of M

	Min
	byte
	50% of M
	91% of M

	R: data rate of the flow in Mbps.
F: frame generation rate of the flow in fps.
Note that the mean and STD apply before truncation applies.
Note that the value of R, F depend on application.



Exploration to other distributions for packet size are left up to each company and could be reported with the modelling details.


Therefore, if a new BSR table is introduced, BSR table with Gaussian distribution should be included. Considering other data in uplink, such as voice packets and pose data, the Uniform distribution (Linear) should also be introduced.
Proposal 3: Introduce at least 2 new BSR tables, one is Gaussian, the other can be linear or exponential.
With the introduction of multiple configurable semi-static BSR tables, both the UE and NW have the ability to select the appropriate BSR table. In order to reduce the quantization error, and to avoid any mismatch in the BSR tables used by UE and NW, the UE and the NW should inform the each other the BSR table they intend to use. It is reasonable to generate the same BSR table at both the UE and the NW through a predefined mechanism and only transfer limited parameters for BSR table.
Observation 2: Transfer complete BSR table between RAN and UE can cause extra signaling overhead and should be precluded.
Since it is not appropriate to transfer the complete BSR table between UE and NW, it is necessary to generate the BSR table using a finite number of parameters. Considering that the new BSR table introduced is Gaussian, linear or exponetial, when the BSR format is determined (i.e. when the maximum supported buffer level or the max length of buffer level in BSR MAC CE is determined), it is possible to generate the BSR table using the maximum or minimum value.
In addition, the UE needs to inform the scheduler via BSR that there is no more uplink data in its buffer to be sent in order to prevent the NW scheduler from scheduling user with no data available, the minimum buffer level corresponds 0 buffer size, as designed in the current TS 38.321.
Proposal 4:  Bmin, Bmax can be used for BSR table generation and configuration, in which Bmin stands for the minimal none zero value of buffer size, Bmax stands for the maximum value of buffer size.
The current BSR table definition and BSR MAC CE format are corresponding, the buffer length in the only two BSR MAC CE format is 5 bit and 8 bit, and the shape of these two tables are both exponetial.
Considering that BSR MAC CE is the one of the most common MAC CEs in uplink ( also because BSR is easily triggered), we would not like to see excessive signaling overhead caused by BSR MAC CE when enhancing feedback for XR. Also, for implementation reasons (for memory and CPU address bus aligement), the newly introduced BSR MAC CE should be 8 bit alignment. Considering that the 24 bits of buffer level already allows the terminal to report its cache value directly (<16MiB), the buffer size field in the newly introduced BSR MAC CE can only be 16 bit or 8 bit.
Proposal 5: New BSR MAC CE format's maximum length of buffer level should not be longer than 16 bit.
2.3 Reporting granularity and Delay/remaining time in BSR
Due to the limited length of the BSR MAC CE, BSR cannot report per LCH buffer size, LCG is applied for representing serveal LCG. Hence the priority of the data is also presented by LCG in uplink.
Considering that different LCHs in the same LCG may transmit XR data with different characteristics (e.g., audio/video and control data on different LCHs belong to a same LCG) and that XR and non-XR data may be transmitted in the same LCG, the introduction of per LCH upstream is necessary. When the network considers that the LCH is required to report its buffer or delay information, the network should issue a configuration to UE to allow it to report the BSR of the per LCH.
Observation 3: For BSR enhancement, per LCH reporting is necessary but only if NW configured to do so.
Proposal 6: New BSR MAC CE format should support per LCH buffer size reporting.
However, considering that there is also the possibility of mapping different data to different LCGs, this feature is not mandatory and will only take effect when necessary.
As for delay or remaining time, according to the various company contributions to RAN2 121, since there is no consensus on the specific definition at this stage. Besides, some company suggests introducing DSR, but considering that delay information will necessarily be associated with specific buffer data, it is not appropriate to report them separately, especially when the delay may involve priority reassign, so the transmission in the BSR The associated time information is appropriate.
Regarding the definition of delay/remaining time, we think that for packet or PDU set with PDB, it is appropriate to transmit the remaining PDB (i.e., the remaining delay budget at the time of sending the BSR), while for data without PDB, it is possible to transmit its delay time (i.e., the time of arrival in the buffer to the time of sending the BSR).
Proposal 7: RAN2 is kindly asked to discuss the definition of delay/remaining time in BSR, suggesting using the following approach:
For packet with PDB, using remaining time (remaining PDB when BSR is assembled)
For packet without PDB, using delay time (time from packet arrived in buffer to corresponding BSR is assembled)
3	Summary
This contribution discusses potential capacity enhancement for XR, the following are the proposals that may be taken into consideration.
BSR table generation and configuration aspect:
Observation 1: Dynamic BSR table can cause signaling overhead and difficulty of UE and NW implementation, while it is also hard to determine how many fixed BSR table is sufficient for XR since video stream has various resolution, refresh rate and code rate.
Proposal 1: Introduce multiple configurable semi-static BSR tables (with limited parameters) for XR.
Proposal 2: NW can configure multiple semi-static BSR tables for UE, either UE or NW can choose a suitable one to use and inform the other.
Proposal 3: Introduce at least 2 new BSR tables, one is Gaussian, the other can be linear or exponential.
Observation 2: Transfer complete BSR table between RAN and UE can cause extra signaling overhead and should be precluded.
Proposal 4:  Bmin, Bmax can be used for BSR table generation and configuration, in which Bmin stands for the minimal none zero value of buffer size, Bmax stands for the maximum value of buffer size.
New BSR MAC CE format aspect:
Proposal 5: New BSR MAC CE format's maximum length of buffer level should not be longer than 16 bit.
Observation 3: For BSR enhancement, per LCH reporting is necessary but only if NW configured to do so.
Proposal 6: New BSR MAC CE format should support per LCH buffer size reporting.
Delay/Remaining time definition aspect:
Proposal 7: RAN2 is kindly asked to discuss the definition of delay/remaining time in BSR, suggesting using the following approach:
For packet with PDB, using remaining time (remaining PDB when BSR is assembled)
For packet without PDB, using delay time (time from packet arrived in buffer to corresponding BSR is assembled)
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