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[bookmark: _Ref178064866]Introduction
In XR WI [1], it is agreed to enhance the BSR operation including the new BSR table and to define additional delay information reporting.
	Specify the enhancements related to capacity:
-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)


In this contribution, we show our initial views on delay information and the BSR enhancement for delay information.
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In RAN2#120 meeting[2], it is agreed that following aspects can be discussed in WI phase for the feedback enhancement:
	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.



Aspects on additional BSR table
In the previous RAN2 meetings, it is agreed to define one or more BSR tables, in order to report the amount of data more accurately when the volume of data is large. Regarding how to define the new BSR table(s), following options were proposed:
· Option 1. Dynamic BSR table. That is, UE makes new BSR table using the parameter(s) configured by the network (e.g., minimum size, maximum size, and data volume step)
· Option 2. Static BSR table. That is, one or more additional BSR table(s) for XR traffic are defined, and the UE uses the BSR table based on the configuration or the data volume.
For Option 1, it is more flexible to generate appropriate BSR table in order to handle different QoS flows with various range of data. However, since it would be a new procedure to determine additional BSR table, the benefits should be ensured, considering the spec works to define the procedure and the additional UE complexity to calculate the BSR table. Given that it was already discussed and not adopted in the previous discussion (in LTE), it should be carefully reviewed whether the dynamic BSR table is really needed for XR traffic.
For Option 2, it is simpler to determine the BSR table. Even though the defining the static table(s) may restrict the data volume range with high accuracy, it would be sufficient to use static table(s) if the traffic characteristics are well defined. 
Given that the purpose of additional BSR table is to support the high data rate with low latency in XR traffic and the traffic model for XR is already studied in TR 38.838, additional static BSR table(s) (as in LTE for Buffer size extension) is simpler and sufficient.
Proposal 1. Use one or more static table(s) to define additional BSR table for XR traffic.
With one or more additional BSR table(s), when uplink data is generated, UE should determine whether to use the existing BSR table or additional BSR table. For deciding which BSR table is used, followings can be considered:
· Option 1. The network configures which BSR table is used by UE. For example, the network configures which BSR table is used for each LCG, based on traffic characteristics for each LCH. 
· Option 2. When the additional BSR table(s) can be used by UE, the UE determines whether to use new BSR table or the legacy BSR table, based on the buffered data.
Meanwhile, since the additional BSR table(s) is to reduce the quantization errors for high data rate, the new BSR table(s) would be accurate for the large buffer size, while the legacy BSR table is more appropriate for the small buffer size. Especially, if more than one BSR tables are defined, the appropriate BSR table would be different based on the size of buffered data.
Observation 1. The appropriate BSR table would be different based on the size of data in each LCG
Therefore, UE should be able to decide the BSR table (i.e., Option 2), in order to ensure the accuracy of the data volume based on the amount of buffered data. Since the appropriate BSR table is different for each LCG, the used BSR table may be different for each LCG. In this case, UE should indicate which BSR table is used per LCG, in order to report the exact data volume in the BSR format. 
Proposal 2. Indicate the used BSR table per LCG in BSR format

Information in delay information report
According to XR SID [3], the UL XR traffic including pose/control update and video stream has relatively stringent PSDB requirements:
	Many of the XR and CG use cases are characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video steam) 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). Hence, there is a need to study and potentially specify possible solutions to better support such challenging services.


That is, if the UL data is not delivered to the network in time, the UL data would be discarded even though the UE receives the corresponding uplink grant to transmit the UL data. In this case, the packet delivery success rate for XR traffic would be degraded, causing frozen XR service or display and deteriorated user experience. Thus, satisfying strict PSDB requirement for XR service should be considered, i.e., XR data should be delivered before exceeding PSDB requirement.
Observation 2. If UL data for pose/control/video stream is not arrived in time, XR service or display would be frozen and user experience would be terribly deteriorated.

In the current MAC specification, the BSR is not always triggered when the new data is generated. In addition, the current BSR only includes the amount of available UL data for each LCG. That is, even though the network knows the PSDB for each PDU set, when the network receives the BSR, the network knows only the amount of UL data but does not know how much time is left for the UL data until the required PSDB. In this case, if the uplink scheduling is not allocated within the required PSDB, e.g., due to the network scheduling policy, the XR performance would be degraded as well as the UL resource would be wasted since the corresponding data is dropped. 
As mentioned above, since the current BSR procedure is not sufficient to report the information on delay-stringent data, it is agreed to define delay information report, in order to include the data volume information associated with delay information.
	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. 



Therefore, given that the purpose of delay information report is to ensure the transmission within the stringent PSDB requirement, the delay information should be defined as remaining time (e.g., remaining PSDB for the PDU set) in order to let the network know how much time is left for the UL data until the required PSDB.
Proposal 3. The delay information should imply the remaining time information.

Delay information report format
The delay information report should imply data volume information and the delay information (e.g., remaining time) associated with the data volume. Regardless of whether the format is some modification current BSR MAC CE or a new MAC CE, new LCID is anyway needed in order to include the new information (e.g., remaining time) in the delay information, i.e., cannot be same with the current BSR MAC CE. Therefore, it is suggested to define new MAC CE with new LCID for delay information report.
Proposal 4. Define new LCID for MAC CE for the delay information report.

The next issue is which information is included in the delay information report. Regarding how to indicate the delay information (e.g., remaining time) associated with the data volume, followings could be considered:
· Option 1: In the new MAC CE for delay information report, the remaining time field is explicitly included. For example, when each buffered data has different remaining time, the delay information report includes one or more the remaining time field(s) and how much data is buffered for each remaining time(s).
· Option 2: In the new MAC CE for delay information report, the amount of UL data only with short remaining time (e.g., remaining time is less than the predetermined value) is included. 
When the remaining time is explicitly provided in the delay information report (i.e., Option 1), the network may have flexibility to schedule the uplink grant considering the remaining time until the exceeding the PSDB. However, in Option 1, the MAC CE format of delay information report should include multiple remaining time fields and the multiple Buffer size fields for each remaining time, in order to distinguish how much data is buffered for which remaining time value. Therefore, for option 1, it would be complicated to construct the delay information report as well as the size of the MAC CE format of delay information report would be large. In addition, when the delay information report is retransmitted without rebuilding the MAC PDU, e.g., due to HARQ retransmission, the value of remaining time would not be accurate, which causes the misalignment between the uplink grant scheduling and the PSDB requirement of the UL data. Therefore, it should be carefully reviewed whether the exact value of remaining time is really needed in the delay information report.
In our view, in order to simply define the MAC CE format for delay information reporting, the delay information report should only include the information on amount of data which is needed to be transmitted immediately (i.e., Option 2). For example, for option 2, delay information report may include the amount of data with short remaining time for each LCG, which is similar to the current BSR format. In this case, the remaining time information could be implicitly indicated, i.e., by configuring the value to determine whether the uplink data has short remaining time.
Proposal 5. Delay information report includes the amount of UL data with short remaining time.

When the delay information report is transmitted with the new BSR table(s), an exemplary MAC CE format of delay information report may be defined as in Figure 1, including the used BSR table and the amount of data which should be transmitted within the predetermined time for each LCG.


Figure 1.


Triggering condition of delay information report 
The delay information report is needed when the current BSR is not sufficient to transmitted data in the stringent PSDB requirement. Therefore, the delay information should be triggered by addition condition (i.e., different from the current BSR triggering condition), which can be defined based on the remaining time. Specifically, when the remaining time of the buffered data is lower than the predetermined time, the delay information should be additionally reported to the network, in order to request the uplink scheduling in time.
Proposal 6. Delay information reporting is triggered when the remaining time of buffered data is short.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we show our views on BSR with delay information for XR traffic.
Observation 1. The appropriate BSR table would be different based on the size of data in each LCG
Observation 2. If UL data for pose/control/video stream is not arrived in time, XR service or display would be frozen and user experience would be terribly deteriorated.

Based on the above observations, followings are proposed.
Proposal 1. Use one or more static table(s) to define additional BSR table for XR traffic.
Proposal 2. Indicate the used BSR table per LCG in BSR format
Proposal 3. The delay information should imply the remaining time information.
Proposal 4. Define new LCID for MAC CE for the delay information report.
Proposal 5. Delay information report includes the amount of UL data with short remaining time.
Proposal 6. Delay information reporting is triggered when the remaining time of buffered data is short.
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