[bookmark: OLE_LINK3]3GPP TSG RAN WG2 #121	R2-2301248
[bookmark: _Hlk127457688]Athens, GR, 26th Feb– 3rd Mar, 2023

Agenda item:	8.5.4
Source:	CMCC
Title:	Discussion on XR-specific capacity improvement
Document for:	Decision, Discussion
1	Introduction
[bookmark: _Hlk127457765][bookmark: _Hlk127457838]In RAN2 120[1], consensus has been reached on enhancing feedback for XR, and several specific measures were agreed upon. These consensus include the following:
RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 
RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.
 RAN2 sees some benefit from CG to XR services. RAN2 will address enhancements triggered by RAN1 work.
RAN2 agrees some assistance information can be beneficial (e.g. periodicity, packet size). RAN2 assumes baseline could be TSCAI (pending SA2 conclusions), can discuss during WI phase whether something additional is needed on top of that. If any assistance information is needed, its definition should be standardized.
RAN2 thinks all information may not be always available at UE application.
In this contribution, a comprehensive discussion on the scheduling and feedback enhancement will be conducted for XR service.
2	Discussion
[bookmark: _Hlk109915489]2.1 Feedback enhancement for minimal quantization error
Following the previous discussion, RAN2 has reached a consensus on introducing additional BSR tables, which would be beneficial in reducing the quantization error when generating BSR MAC CE.
In general, insufficient quantization levels, quantized values exceeding the quantization range, and inappropriate quantization curves (or quantization functions) can cause significant quantization errors. Insufficient quantization levels can result in excessively large or small granularity, exceeding the quantization range can cause the scheduler to allocate inappropriate mount for radio resources when allocating resources, and inappropriate quantization curves can result in uneven distribution of quantization errors within the quantization range.
Therefore, it is necessary to consider the quantization error caused by these three situations when designing and introducing new additional BSR tables.
Proposal 1: The newly introduced BSR tables should reduce the quantization error caused by insufficient quantization levels, quantized values exceeding the quantization range, and inappropriate quantization curves.
When it comes to BSR tables, if well-designed, both static and dynamic BSR tables can effectively reduce quantization error.
Supposing the static BSR table were to be used and multiple BSR tables could be configured, the certain BSR table with the lowest quantization error should be determined according to the traffic patterns. This approach has a smaller signaling overhead, but if a significant degree of quantization error reduction were required, multiple static BSR tables may need to be introduced, occupying more memory and making it difficult to determine indeed how many static BSR tables should be introduced.
Dynamic generation of BSR tables, especially BSR tables jointly determined by UE and RAN, is more likely to result in lower quantization error, but it may also increase signaling overhead and introduce new UE capabilities.
Since the BSR table is used to reflect the size of the uplink data in UE’s buffer, it is necessary to consider the characteristics of the uplink data traffic. For XR services, AR, MR, and cloud gaming are the main services with large uplink data volume. These services generally require UE to upload environment-related information to the application server, which is mostly dynamic images or pictures. Therefore, whether it is a dynamic BSR table or a static BSR table, the probability distribution characteristics of XR service traffic should be considered. It is generally believed that data packets related to dynamic images follow Pareto or Gauss distribution, while the size of other additional data may be uniformly distributed, e.g., audio, controller input.
Proposal 2: The newly introduced BSR table should reflect the probability distribution characteristics of XR uplink traffic.
Regarding the length of the BSR MAC CE, it is a very common MAC CE in the MAC PDU, and changing its length will affect the overhead of the MAC PDU. The BSR MAC CE should be short enough to improve the effectiveness of data transmission, provided that the quantization error is small enough. Currently, the Buffer Size Field in the TS 38.321 has two lengths, 5 bits and 8 bits. From our point of view, it is necessary to discuss whether to introduce a new Buffer Size Field length.
Proposal 3: RAN2 is kindly asked to discuss whether to introduce a new Buffer Size Field length.
2.2 Feedback enhancement for assitance information
In RAN2 120, the consensus of RAN2 is to introduce delay information related to data volume, such as remaining time in BSR or a new MAC CE, which would undoubtedly be useful for the MAC scheduler.
Similarly, other assistance information may also be helpful to the MAC scheduler for our perspective, such as the Start and End indicators of Data Burst, the PDU set (dependency) information corresponding to buffer data, and the detailed logical channel ID in BSR. This type of information can be benefit for MAC the scheduler to determining priorities and transmission block size.
Proposal 4: RAN2 is kindly asked to discuss whether to introduce new assistance information in BSR, such as PDU set dependency, Data Burst Start or End, and/or logical channel ID. 
2.3 Scheduling enhancement
[bookmark: OLE_LINK13]CG is very suitable for the characteristics of XR services uplink data, such as relatively fixed video frame arrival intervals, but it also needs to be enhanced to address the problem of dynamic images with non-integer period arrivals and uneven transmission block sizes.
According to TS 38.213 and TS 38.321, a CG configuration needs to occupy at least one uplink HARQ ID, and the total number of HARQ IDs for uplink is limited, which also limits the number of CGs that can be activated simultaneously. Therefore, it is doubtable whether the existing mechanism has the ability to adapt to non-integer period arrivals, uneven transmission block sizes, and jitter in packet arrival times.
In addition, for XR services, especially AR and MR services that require UE to upload information about the surrounding environment, radio resources configured for activated CG configuration cannot be reused by other users even if the certain UE does not transmit data (e, g., UL skipping).
Obviously, this is an obstacle to improving system capacity, and it is necessary to study methods for recovering unused CG radio resources to improve system capacity and provide services to more users.
Proposal 5: RAN2's CG enhancement should consider HARQ ID allocation, unused CG radio resource recycling, and adapting to XR service data jitter in arrival period and volume comprehensively.
3	Summary
This contribution discusses potential capacity enhancement for XR, the following are the proposals that may be taken into consideration.
Quantization error aspect:
Proposal 1: The newly introduced BSR tables should reduce the quantization error caused by insufficient quantization levels, quantized values exceeding the quantization range, and inappropriate quantization curves.
Proposal 2: The newly introduced BSR table should reflect the probability distribution characteristics of XR uplink traffic.
BSR format aspect:
Proposal 3: RAN2 is kindly asked to discuss whether to introduce a new Buffer Size Field length.
Assistance information aspect:
Proposal 4: RAN2 is kindly asked to discuss whether to introduce new assistance information in BSR, such as PDU set dependency, Data Burst Start or End, and/or logical channel ID. 
Scheduling aspect:
Proposal 5: RAN2's CG enhancement should consider HARQ ID allocation, unused CG radio resource recycling, and adapting to XR service data jitter in arrival period and volume comprehensively.
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