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1 Introduction
In the latest RAN2#121 meeting, we discussed on BSR enhancements for XR capacity, e.g. how BSR can enhance capacity for XR (e.g. new BSR table, how to reflect delay in BSR, etc.). And the following is captured [1]:
	· New BSR tables are fixed (=specified) or semi-static (RRC-based).

· FFS how many BSR tables are defined.




In this contribution, we provide some general views on UE feedback enhancements for XR capacity, e.g. BSR and other assistance information from UE.
2 Discussion
2.1 New BSR table

The current BSR table with exponential step size would make the report less precise with higher BSR index/buffer size value. In such case, gNB may overestimate UE’s uplink data volume and allocate more resources than necessary because of this large step sizes in the current BSR tables. In last meeting, we have made the agreement to introduce new BS table(s) to reduce the quantisation errors. And the new BS table(s) design is still FFS.

Considering that dynamic construction is rather complex for UE implementation, at least semi-static BSR tables are agreed. Since we know the XR traffic characteristics well, we would rather use static BSR tables, e.g., have one more BSR. We believe that for the new the new BSR table, the mapping should be is tailored particularly for XR traffic. 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 in TR 38.838[2]:
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.


And we also think it’s rare that network would change the BSR table regularly even we have different applications. So a new BSR table is sufficient.
Proposal 1   RAN2 is kindly asked to introduce a new static BSR table which is tailed for XR.
· Quantification algorithm 

Currently for BSR table, the step size can grow exponentially fast which provides excellent granularity when the reported buffer size is small while brings huge quantification error with higher BSR index/buffer size value. Therefore, the exponential step size for reported BS value could be redefined for XR services. Once we get to know XR packet size distribution or size range, an equal step size between each BSR index can minimize the quantization error.

Since XR flows consist of large data bursts with 10.5% STD, UE would usually report its buffer size on the large size most of time, the additional buffer size table which with large buffer size with finer granularity of each step size can be considered. We are not sure there will be small buffer size reports. If there are, some code points can be reserved. 
Proposal 2   RAN2 is kindly asked to consider uniform quantization for the new static BSR table.
· Code points in new BSR table
People may think we can increase the code points BSR table to provide a finer BSR granularity. However, if we increase the code points, which means new BSR format will be needed and LCGs using new BSR table will not be multiplexed with LCGs using old BSR tables. We need to be cautious of increasing more than 5 or 8 bits for BSR reporting.

Proposal 3   RAN2 is kindly asked to keep 5 or 8 bits codepoints for the new static BSR table.
A simple way is that if the UE is configured with new BSR table, the UE always would use the table which will provide a most accurate buffer status information and uses the associated BSR format. We can further decide whether the NW configure the UE per LCH or per LCG, thus the NW can identify the BSR reporting is using an old BSR table or new BSR table by the LCH or LCG easily. Considering currently UE indicates the buffer size per LCG in BSR format, it is better to configure UE whether to used legacy BSR tables or the new BSR tables thus there is no issue if LCGs using new BSR table will be multiplexed with LCGs using old BSR tables.
Proposal 4   RAN2 is kindly asked to configure using the new BSR table per LCG.

2.2  BSR report with delay budget
The current BSR triggering mechanism mainly depends on the priority of each logical channel without considering any information on the delay (e.g., PDB, remaining delivery time) of UL traffic. In last RAN2’s meeting, people acknowledged to reflect the delay requirement in BSR triggering. With such, the arrival of the UL data of the lower priority LCH may trigger BSR when it has data pending for a long time and is approaching the delay budget. Hence, providing the buffer delay information of data is beneficial for gNB to determine the remaining delay budget and dynamically adjust the scheduling priority based on this.
One way is UE indicating information on the remaining delay budget of UL data to gNB, e.g. within the BSR explicitly. With such, we need to consider that the delay information would need to be quantified into a limited number of bits or index, similar as for the buffer status report. This also implies that some tables are constructed which is a burden to us. And the current BSR format cannot be reused as a new IE is added in. Beside, using more bits in BSR also brings extra overhead in the UU interface.
Another way is that such BSR with assistance information should be sent only when necessary to reduce overhead. A new triggering condition (e.g., when the remaining PDB of buffered data is lower than a threshold) can trigger the BSR in the UE to request the uplink resource immediately. With this implicitly way, gNB will get to know that the amount of UL data it receives are with short remaining PDB and need to be granted in time. Even if gNB cannot schedule the UE immediately, it will not cause misalignment of PDB requirement of the UL data, because gNB can keep track of the remaining PDB of the reported data when time elapses. Since the remaining time information could be implicitly included, the current BSR format can be reused. And the gNB can configuring the threshold to determine whether the uplink data has short remaining PDB. gNB can determine this based on PDB/PSDB parameters and its scheduling capability.
Proposal 5    RAN2 should study on new BSR triggering condition, e.g., when the remaining PDB of buffered data is lower than a threshold. The delay information is not explicitly conveyed by BSR.
The next question is at what granularity BSR should be reported. People may say some packet sets for data stored in the UL buffer would just arrived and can be tolerate to delay while some packet sets has been pending a long time and needs to be sent on time. Then the BSR reporting should be based on PDU set. However, if we do not consider the jitter in UL, the packets set are generated and sent by the application almost at the same arrival time, so is no difference to report such information in PDU set level or data burst level. Even if packet sets arrive with jitter at AS layer from upper layer, the UE can only report the data volume of the packet sets with the smallest value of remaining delay budget.

On the downside, BSR reporting with packet set level will incur huge complexity for the UE to calculate the data volume for each PDU set and introduce more signalling overhead in BSR reporting which is not preferred. So we do not see good reasons to report data volume on a PDU set level in BSR reporting. 

Proposal 6 
RAN2 is suggested not to further discuss the BSR report per PDU set. 

As explained above, how the UE determines the data volume that approaching the remaining PDB is left to UE implementation. UE can estimate the remaining PDB considering how long the data has been pending or UE can even get the accurate delay budget information of PDU(s) from the time stamp of the input PDU set(s). For reporting, UE can only report the data volume of the packet sets considering the smallest value of remaining delay budget approaching the PDB or the data volume of the packet sets considering the average value of remaining delay budget approaching the PDB.

Proposal 7    How the UE determines the data volume that approaching the remaining PDB is left to UE implementation.
2.3 The impact of discard in PDCP on BSR reporting
As we have agreed that the PDCP discard should be performed per PDU set basis at UE transmitter. Based on this, for a PDU set, the number of PDUs known to either be lost or associated to discarded SDUs, exceeds a threshold, all remaining PDUs of that PDU set could be discarded at the transmitter to free up radio resources. Thus sometimes discarding packets in the transmitter makes previous BSR triggered become invalid or cancelled. As a result, when an SR is triggered for a BSR, it shall be considered as cancelled as well, i.e., when discarding packets in the transmitter makes previous BSR/SR triggered unnecessary.
Proposal 8   PDU discard triggers a pending BSR/SR(s) cancelled.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1   RAN2 is kindly asked to introduce a new static BSR table which is tailed for XR.

Proposal 2   RAN2 is kindly asked to consider uniform quantization for the new static BSR table.
Proposal 3   RAN2 is kindly asked to keep 5 or 8 bits codepoints for the new static BSR table.

Proposal 4   RAN2 is kindly asked to configure using the new BSR table per LCG.

Proposal 5    RAN2 should study on new BSR triggering condition, e.g., when the remaining PDB of buffered data is lower than a threshold. The delay information is not explicitly conveyed by BSR.
Proposal 6 
RAN2 is suggested not to further discuss the BSR report per PDU set. 

Proposal 7    How the UE determines the data volume that approaching the remaining PDB is left to UE implementation.
Proposal 8   PDU discard triggers a pending BSR/SR(s) cancelled.
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