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RP#99 had agreed updated WID [1] on BSR enhancement for XR capacity as below:
· Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s);
· Delay reporting of buffered data in uplink;
This paper will discuss how to enhance XR capacity from BSR perspective.
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    We first provide our understanding about XR traffic model from TR 38.838 [2], then based on the XR traffic model, we share our views about BSR and reporting enhancement in this section.
2.1	XR Traffic model and profile
In Rel-17 Study Item “Study on XR Evaluations for NR”, many of the XR and CG use cases are studied and characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video stream) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB), the results are captured in TR 38.838 [2] and summarized in Table 1.
Table 1: XR Traffic model [2]
	Traffic Direction
	DL
	UL

	Application
	Cloud Gaming
	AR/VR
	AR
	Pose/Control

	Data rate (R) (Mbps)
	8
	30
	30
	45
	10
	0.2

	Packet size distribution
	Truncated Gaussian
	Fixed

	Packet size (Min, Ave, Max) (Bytes)
	(8334, 16667, 25001)
	(31250, 62500, 93750)
	(46875, 93750, 140625)
	(10417, 20834, 31251)
	100

	FPS (1/Periodicty)
	60
	250

	Jitter value distribution
	Truncated Gaussian
	Fixed

	Jitter value (Min, Ave, Max) (ms)
	(-4, 0, 4)
	0

	Packet delay budget (PDB) (ms)
	15
	10
	30
	10

	Min. required data rate (Mbps)
	8.89
	33.33
	50
	75
	5.56
	0.08

	Reliability requirement (%)
	99


Observation 1: In XR Traffic model, different applications have different minimal packet size and max packet size.
2.2	BSR enhancement
Three enhanced directions for BSR are identified during study item phase, 1) Enhanced BSR table specific for XR packet, 2) Enhanced BSR format with delay information 3) New trigger condition for BSR associated to XR packet. We will discuss them one by one.
2.2.1	BSR Table
In the current spec, buffer sizes reported in BSR table are coded by an exponential function, i.e.
Bk = Bmin (1+p) k, where p = (Bmax / Bmin)1 / (N-1) – 1,
where Bmin is the minimum buffer size and Bmax is the maximum buffer size that can be reported by UE.
    In last meeting, we agree that the new BSR table could be fixed (=specified) in the spec as legacy or semi-static (RRC-based) from NW. Based on the observation 1, we know that the minimum packet size is not small as other traffic and it depends on the date rate (R) and FPS. Therefore, XR services might have different minimum packet size according to its requirements. It might require multiple tables to deal with different video resolutions, encoding schemes, etc. Other new fixed tables need to be added in the future potentially as XR traffic evolves if we go for fixed BSR table way.
    Some advantages for semi-static table are 1) only a single table generation mechanism needs to be defined for UE, 2) NW implementation can take XR traffic evolution into account (no future spec updates required), 3) Mechanism to generate table should avoid quantisation errors of any form.
    Some arguments that fixed BSR table has low implementation complexity might not be correct, the implementation complexity is highly depends on how UE implement it.
· If table is non-linear (like current BSR table), table generation complexity is high
· If table is linear, table generation complexity can be kept low
    The new BSR table can be configured for XR-specfic traffic, which belongs to certain logical channel group (LCG). In order to differentiate the new BSR table and legacy BSR table, the configuration of minimum packet size could be optional. If it is configured, that means new BSR table is used. If not, that means legacy BSR table is used.
Proposal 1: A NW configurable (semi-static) BSR mechanism is introduced
Proposal 2: Enhanced BSR table can be configured at an LCG granularity
In order to reduce the quantization error, we suggest to use liner BSR table for XR services, rather than exponential BSR table. This can also reduce complexity to generate BSR table. The step size configuration is the same as configuration of minimum packet size of the LCG.
Bk = Bmin + (k-1) * (step size),
Proposal 3: Steps within the BSR table are evenly spaced
Two potential approaches to generate a linear table:
· Approach 1:
· NW configures Bmin and Bmax
· BSR entry k corresponds to: Bmin + (k-1) * (Bmax - Bmin)/N, where N = table size
· Approach 2:
· NW configures Bmin and step-size
· BSR entry k corresponds to: Bmin + (k-1) * step size
    Approach 1 includes a division which is computationally expensive, it also result in quantisation errors depending on whether fixed point or floating point division is used. Approach 2 does not have the same issues as Approach 1, while providing the same BSR table result. Therefore, we prefer approach 2.
Proposal 4: BSR entry is generated using the formula Bmin + (k - 1) * step-size, where Bmin and step size and configured by the NW.
· If Bmin and step size are not configured, use legacy BSR table.
· If configured, use new linear BSR table.
2.2.2	Delay reporting
The packet delay budget is associated with buffer data, however, the buffer data might have different remaining packet delay budget, we suggest to choose the minimum value as the reported information. The reported information is different among different LCGs. We also suggest that the reported information should associated with BSR. The meaning of each reporting index could follow similar mechanism as BSR, i.e., the delay information could be a range with exponential step size. As we approach the PDB expiry, network needs to know more accurately how much delay is left. If PDB value range is still large, the range could be less precise (larger set of values). One example is shown in Table 2.
Table 2: PDB table
	PDB Index
	PDB value (ms)

	0
	0

	1
	 1

	2
	 2

	…
	…

	8
	 80

	…
	…

	2N-2
	> …

	2N-1
	Reserved


Proposal 5: UE chooses minimum delay value of buffered data as reported information.
Proposal 6: UE reports delay information with BSR.
Proposal 7: The reported delay information could be a range.
2.2.3	BSR trigger condition
A BSR can be triggered by different events, it can be triggered when new higher priority data and expiry of retxBSR-Timer, which is called “Regular BSR”. It can also be triggered by expiry of periodicBSR-Timer, which is called Periodic BSR. The last one is called “Padding BSR”, which can be piggyback when UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader.
    When XR packet comes to buffer, we assume it has higher priority than other traffic, then a “Regular BSR” can be be triggered. However, as discussed in 2.2.1, for XR packet with tight latency requirement, it might not have too much chance to send another BSR. To increase the chance to send BSR, new trigger condtion for BSR is needed. We assume the XR packet will be segmented into different TBs for transmission. The new trigger condition could allow that for each TB transmission with XR packet, BSR is always included. The concept is more like padding BSR, which is piggyback at each TB transmission with XR packet.
Proposal 8: RAN2 to study new trigger condition for BSR for XR services.
3	Conclusion
We have the following observations and proposals:
Observation 1: In XR Traffic model, different applications have different minimal packet size and max packet size.
Proposal 1: A NW configurable (semi-static) BSR mechanism is introduced
Proposal 2: Enhanced BSR table can be configured at an LCG granularity
Proposal 3: Steps within the BSR table are evenly spaced
Proposal 4: BSR entry is generated using the formula Bmin + (k - 1) * step-size, where Bmin and step size and configured by the NW.
· If Bmin and step size are not configured, use legacy BSR table.
· If configured, use new linear BSR table.
Proposal 5: UE chooses minimum delay value of buffered data as reported information.
Proposal 6: UE reports delay information with BSR.
Proposal 7: The reported delay information could be a range.
Proposal 8: RAN2 to study new trigger condition for BSR for XR services.
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