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Considering the solutions in TR 38.838 [1], and the agreement in previous RAN2 meeting [2], i.e.,
	· As starting point, RAN2 can further discuss the solutions in TR38.838 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).


BSR enhancement is captured as one of the potential solutions for capacity improvement, and RAN2 can further discuss details on BSR enhancement based on the agreement from the last meeting.
Specifically, BSR is used by a UE to inform the network of the amount of the buffered UL traffic, which plays an important role in scheduling UL grants, since network exploits BSR in determining the amount of UL resource allocated to each UE, especially, in multi-UE scenario.   
From the UE point of view, by taking into account the traffic characteristics and the inherent requirement of XR application, a UL grant can be evaluated in terms of 1) timeliness, i.e., the timing of the UL grant should ensure the delivery of the XR traffic within PDB, 2) adequacy, i.e., the amount of the UL grant is adequate to accommodate the XR traffic amount. Similarly, from the network point of view, it is essential to be aware of the demand for UL resource with 1) timely and 2) fine-grained BSR, in order to maximize system capacity, i.e., the number of satisfied UEs, by making use of UL resource most efficiently. In this paper, we discuss these two aspects pertaining to BSR enhancements.
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Enhancements for Timely BSR
As the result of RAN1 study on XR in R17, the UL traffic models for VR, CG, and AR applications are provided in TR 38.838 [1]. As per the TR, one of the main characteristics of XR traffic is quite a tight delay requirement, and the typical PDB is captured as 10ms for VR/CG UL stream. To transmit the UL data within the PDB, it is important for the UE to trigger the BSR in a timely manner, since the network can schedule the required UL grant based on BSR. 
According to the current MAC specification, the regular BSR shall be triggered if any of the following events occur:
- UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
- this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
- none of the logical channels which belong to an LCG contains any available UL data;
As above, the current BSR triggering mechanism mainly depends on the priority of each logical channel (LCH) without considering any information on the delay (e.g., PDB, remaining delivery time) of UL traffic. To reflect the delay requirement in BSR triggering, one simple approach we can think of, with the existing BSR mechanism, is just to give higher priority to LCH with lower PDB than that with higher PDB. However, in this case, the arrival of the UL data of the lower priority LCH may not trigger the BSR, and that may negatively impact the system capacity. For example, let’s assume that data of high priority LCH arrives and triggers a BSR. While the UE receives UL grant and send that data, new data of low priority LCH can arrive, but it will not trigger BSR. After the high priority data is transmitted, the low priority data remains in buffer. Currently, BSR does not get triggered for UL data which is already in buffer and thus the low priority data cannot be transmitted and get discarded after PDB. As in this example, even though the network actually may have sufficient UL resource, the UE may not be served with UL grant in time, thus resulting in the decrease of the number of XR UEs being satisfied, i.e., the decrease of system capacity. 
Observation 1: The current BSR triggering mechanism, which does not take information on delay into account, can fail to meet the delay requirement of UL XR traffic, and thus imposing negative impact on the system capacity.
Based on the discussion above, we would like to propose the following.
Proposal 1: RAN2 is kindly asked to discuss enhancements on BSR triggering operation considering the delay requirement (e.g., PDB, remaining delivery time, …) of XR traffic. 
On the other hand, in general, there is a trade-off between the latency of UL data transmission and UE power consumption. We can reduce the latency of UL data by frequently triggering BSR/SR, whereas it can increase the UE power consumption. Thus, we can discuss the enhancements on BSR/SR also considering the power saving aspect. For example, let’s assume that the UE is in C-DRX operation. If UL data arrives outside the active time, the UE can trigger SR to transmit BSR and start to monitor PDCCH for UL grant, which increases UE’s power consumption. In this case, we can try to reduce UE’s power consumption by delaying the BSR triggering or SR transmission until the upcoming active time if the UL packet has enough remaining time (i.e., high PDB). 
Observation 2: With some enhancements on BSR/SR operation, UE can save power consumption while meeting the delay requirement of XR traffic.
Based on the observation above, we would like to propose the following.
Proposal 2: RAN2 is kindly asked to discuss potential enhancements on BSR/SR operation, also considering UE power saving aspect.
Enhancements for Finer Grained BSR
In the current spec, the buffer size field of BSR is used to report an index representing a numeric buffer size interval that covers the actual buffer size. As a result, network is hardly aware of the exact buffer size, even with BSR. Note that current buffer size tables are designed by exponential functions, such that the range of the corresponding interval becomes wider—the granularity becomes lower—as the index (and hence, the buffer size) increases. 
Some XR applications entail large UL data bursts, e.g., AR with UL video traffic [1], such that network can be reported with low granularity BSR in terms of XR traffic. It means that the network may over-allocate UL resource to some XR users due to lack of fine-grained buffer size information, while may not satisfy some other XR users’ demands due to lack of UL resource. 
Observation 3: High-grained BSR is of the essence to support XR, especially, in multi-UE scenario, where UL resource should be exploited most efficiently to maximize system capacity. 
There can be several options to improve the granularity of BSR by considering XR traffic characteristics, while we can start with classifying the possible approaches into two major categories:
1) Introduce new information exchanged between UE and network to improve BSR granularity 
2) Exploiting existing information exchanged between UE and network to improve BSR granularity
Options belonging to these two categories can be complementary if designed properly.
Considerable options for the first category may include
· Introduce more bits in BSR to report finer grained buffer size information, and/or
· Introduce new buffer size table(s), featured by finer grained buffer size, and/or
· Introduce new MAC/RRC signaling to facilitate finer grained BSR
The key to the first category, in essence, is to capture the new information worth introducing by considering XR traffic characteristics, and find a way to exploit the newly introduced information most efficiently.

Considerable options for the second category may include
· Exploit past BSR information in current/future BSR
· Exploit past UL/DL grant information in current/future BSR
· Exploit XR traffic characteristics, e.g., the average XR burst size, in current/future BSR, if signalled before. 
The key to the second category, in essence, is to capture the correlation between the information exchanged past and that to be reported in BSR, considering the XR traffic characteristics.
Based on the discussion above, we would like to propose the following.
Proposal 3: RAN2 is kindly asked to discuss potential mechanisms for improving the BSR granularity, considering XR traffic characteristics.
Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following observations and proposals:
Observation 1: The current BSR triggering mechanism, which does not take information on delay into account, can fail to meet the delay requirement of UL XR traffic, and thus imposing negative impact on the system capacity.
Proposal 1: RAN2 is kindly asked to discuss enhancements on BSR triggering operation considering the delay requirement (e.g., PDB, remaining delivery time, …) of XR traffic. 
Observation 2: With some enhancements on BSR/SR operation, UE can save power consumption while meeting the delay requirement of XR traffic.
Proposal 2: RAN2 is kindly asked to discuss potential enhancements on BSR/SR operation, also considering UE power saving aspect.
Observation 3: High-grained BSR is of the essence to support XR, especially, in multi-UE scenario, where UL resource should be exploited most efficiently to maximize system capacity.
Proposal 3: RAN2 is kindly asked to discuss potential mechanisms for improving the BSR granularity, considering XR traffic characteristics.
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