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1. Introduction
In RAN #95, revised SID of XR enhancements was approved [1], and the following objectives are specified regarding XR-specific capacity improvements.
	Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.


And the following agreements related to feedback enhancements were reached in RAN2#119bis-e meeting [2]. 
	1: introduce new BS table(s) to reduce the quantisation errors (e.g. for high bit rates). FFS how new BSR tables are created and how they impact BSR formats (can be discussed in WI phase). 

Delay information consists of at least “remaining time”.
2: RAN2 considers a delay information is useful for XR. FFS if dynamic reporting from UE to network (e.g. via BSR) is needed, or whether PSDB is sufficient. If we have delay information, it needs to distinguish how much data is buffered for which delay value. Stage-3 details (e.g. what’s contained, how the triggering is done) can be discussed in the WI phase.
If we have delay information reporting, RAN2 aims to define how the UE determines the “remaining time” in the delay information


In this contribution, we provide the discussion on UE feedback enhancements for XR capacity.
2. Discussion
Through buffer status reporting (BSR) procedure, the UE provides the base station with the information regarding UL data volume. This helps the base station allocate as many resources as the UE needs. However, there is a quantisation error between the buffer size reported by BSR and the actual one at the UE because BSR reports the indexes corresponding to buffer size using the BS tables described in TS38.321 [3]. As a result, the base station may overestimate the amount of UL data and allocate more resources than necessary. This leads to waste of radio resources and capacity loss. Furthermore, in the current specification, an exponential function is used to determine the BS values in the table. This means that the quantization error increases sharply as the buffer size increases. The legacy BS tables are not well suited for XR services characterized by high bit rates. Therefore, it is beneficial to introduce new BS tables to reduce quantisation errors.
Observation 1:	It is beneficial to introduce new BS tables to reduce quantisation errors for XR services characterized by high bit rates.
The simplest way is to increase the number of bits used to indicate the buffer size. Larger bit fields can provide finer granularity. However, there is a concern that it will increase the overhead caused by the BSR. Another way to avoid increased overhead is to narrow down the range of buffer sizes while using fields of up to 8 bits. It might be useful to allow the NW to configure the maximum and/or minimum buffer sizes that can be reported. For example, by configuring them to match a possible packet size distribution, the BSR can provide more accurate buffer sizes.
Proposal 1:	The following enhancements to the BS table can be considered to reduce the quantization error.
· Increase the number of bits in the buffer size field.
· Narrow down the range of buffer sizes can be reported.
In addition, it is assumed that XR services have strict latency requirements. Since any data which has exceeded the requested delay budget may not be useful, the uplink resources need to be allocated before then. Therefore, the base station may benefit from the delay information provided by UE. If the base station can know that the UE has UL data that needs to be transmitted urgently due to scheduling delays, it could improve the capacity by prioritizing the scheduling of the corresponding data. For this purpose, dynamic delay information rather than PDB or PSDB can be useful. For example, it can be included within the BSR.
Proposal 2:	RAN2 to study enhancements to provide the base station with dynamic delay information via the BSR.
The legacy BSR formats can have one buffer size field which indicates only the total amount of data available per each LCG. One possible enhancement is to introduce new buffer size fields that can report the amount of UL data with short remaining time before exceeding the delay budget. This allows the base station to determine how many UL resources urgently need to be allocated to the UE so that data with short remaining time is not dropped.
Proposal 3:	RAN2 could introduce new buffer size fields that can report the amount of UL data with short remaining time before exceeding the delay budget.
3. Summary and proposal
In this contribution, we provided the following observation and proposals.
[bookmark: _GoBack]Observation 1:	It is beneficial to introduce new BS tables to reduce quantisation errors for XR services characterized by high bit rates.
Proposal 1:	The following enhancements to the BS table can be considered to reduce the quantization error.
· Increase the number of bits in the buffer size field.
· Narrow down the range of buffer sizes can be reported.
Proposal 2:	RAN2 to study enhancements to provide the base station with dynamic delay information via the BSR.
Proposal 3:	RAN2 could introduce new buffer size fields that can report the amount of UL data with short remaining time before exceeding the delay budget.
4. References
[1]	RP-220285, Revised SID: Study on XR Enhancements for NR, Nokia
[2] R2-2211101, RAN2#119bis-e Meeting Report
[3] 3GPP TS 38.321 V17.1.0 (2022-06)


2

