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1. Introduction
In the WID related to XR [1], there were the following objectives in relation to BSR enhancements for XR:
	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);



Meanwhile, in RAN2#120bis, there were the following agreements in relation to BSR enhancements:
	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 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.



[bookmark: _GoBack]In this paper, we would like to share our views on BSR table enhancements, delay report, BSR triggering and assistance information report  based on the above objectives and agreements. 
2. Discussion
2.1. Buffer status level granularity enhancements
In previous discussions, it was concluded that the existing BSR table may be sub-optimal for the XR traffic because the step sizes for large data volume are coarse in the existing BSR table. It was agreed that one or more additional BSR table can be introduced to improve the BSR report granularity for XR traffic. According the current assumptions in the R17 XR related evaluations the typical XR traffic data rates can be 30 Mbps, 45 Mbps and 60 Mbps [2]. This implies that the distribution of the data rate range is not so spread and one additional new BSR table should be enough to support the accurate BSR report for XR traffics with typical data rates.
Proposal 1 [bookmark: _Toc127520130]  Only one additional BSR table should be introduced for XR traffic.
According the existing agreements, there is an open issue on whether the additional BSR table should be static in the specification or generated by the UE according the configured parameters related to XR traffic characteristics.  
· In a first aspect, the typical XR data rates can be “30 Mbps, 45 Mbps and 60 Mbps” according the TR of R17 XR [2], the additional gain to generate BSR table based on the collected XR burst/frame size statistics, if there is, could be expected very minor. 
· In a secondary aspect, in case the BSR table is generated by the UE according the configured parameters configured by the gNB (i.e. the gNB has to derive these parameters), or the parameters derived by the UE itself, the generated table can be expected to optimize the granularity for the buffer status report of the ongoing XR traffic. However, it needs a period of time for the gNB or the UE to derive these parameters for the BSR table generation, which means certain delay to apply the additional table. For instance, if the BSR table is going to be generated based on the frame/burst size distribution, the UE/gNB needs to collect the size information for plenty of frames/bursts, which means there is no additional BSR table to be used in this period.  Furthermore, the XR traffic data rate could be adjusted by the applications. In this case, the BSR table generated based on the previous frame/burst may turn to be suboptimal, this means there is another turn for gNB/UE to collect the frame/burst size information in order to regenerate the BSR table. Furthermore, after the additional BSR table is regenerated, there is an ambiguity period for the gNB to interpret the received BSR when the UE turn to use the new BSR table.  
Observation 1 [bookmark: _Toc127460224]One fixed additional BSR table can be expected to provide good enough granularity for BSR of XR traffic.
Observation 2 [bookmark: _Toc127460225]Additional BSR table generation based on XR traffic statistics may provide optimal granularity for ongoing XR traffic, but 
a. [bookmark: _Toc127460226]It needs long time to collect enough frame/burst size statistics for BSR table generation;
b. [bookmark: _Toc127460227]If the XR traffic is adjusted by application layer, the additional BSR table has to be regenerated and there is ambiguity to switch from the old additional table to the new one.
Considering the above observations, the additional new BSR table should be the fixed one:
Proposal 2 [bookmark: _Toc127520131]The additional BSR table should be fixed.
In order to reduce the standardization effort, the easiest way is to introduce the new quantization table using more bits (i.e. more than 8 bits) to indicate the buffer status level in the BSR. 
Proposal 3 [bookmark: _Toc127520132]For the additional BSR table, RAN2 support to use more than 8 bits to report the buffer status level with finer granularity.
When the additional BSR table is introduced, there are both the legacy BSR table and the additional BSR table available for XR user. The following options could be considered to select the table for BSR generation:
· Option a: the UE only uses one of the legacy BSR table and the additional BSR table
The BSR table to be used for the UE can be configured via RRC signaling. If the additional BSR table is configured for UE, the UE has to always use this table for BSR report, though for sometimes BSR generated based on the legacy BSR table is good enough and occupy less bytes. Otherwise, the UE should use the legacy BSR table(s) for BSR generation.
· Option b: the UE conditionally uses the legacy BSR table or the additional BSR table
The UE can be configured to conditionally use either the legacy BSR table or the additional BSR table but not both for BSR generation based on the buffer status to be reported. If the legacy BSR table is good enough, the UE may generate BSR based on the legacy BSR table to save some BSR size, while if the additional BSR table is needed to ensure the BSR granularity, the UE can generate the BSR based on the additional BSR table. If the legacy BSR table is used, the existing BSR MAC CE can be used. If the additional BSR table is used, the corresponding new BSR format is used. Option b can save some bytes for BSR report compared to Option a since it allows the UE to generate BSR with the legacy BSR format when the buffer size is not so large.
· Option c: the UE jointly uses the legacy BSR table and the additional BSR table
The UE can generate BSR based on both the legacy BSR table and the additional BSR table. For instance, the LCG with small buffer size can be configured to be quantized with the legacy BSR table, while another LCG with large buffer size can be configured to be quantized with the additional BSR table. This option is friendly for the user with multiple services, the services with small data volume can legacy BSR table for quantization while the XR traffic can use the additional BSR table for quantization. In this case, the same BSR format may comprise the buffer status’s generated based on different BSR tables. The gNB can interpret the BS fields for the different LCGs based on the corresponding BSR tables. Compared to Option a and Option b, this option allows to treat different LCGs differentially in the same BSR format, which can achieve the best tradeoff between BSR size reduction and the BSR granularity improvement for XR traffic.
Proposal 4 [bookmark: _Toc127520133]RAN2 to consider the following 3 options for BSR generation with the additional BSR table:
· [bookmark: _Toc127520134]Option a: the UE is configured to only one of the legacy BSR table and the additional BSR table;
· [bookmark: _Toc127520135]Option b: the UE is configured to conditionally use the legacy BSR table or the additional BSR table;
· [bookmark: _Toc127520136]Option c: the UE is configured to jointly use the legacy BSR table and the additional BSR table.
If the UE is allowed/configured to determine the quantization table per LCG, the UE can determine the proper quantization table and report the buffer status level with the proper field length. This can avoid that all LCGs have to use long buffer status level field when only some of the LCGs need to use the additional BSR table.
Proposal 5 [bookmark: _Toc127520137]RAN2 to support per LCG BSR table configuration (i.e. Option c) for BSR generation.
In addition to reporting the total buffer status level per LCG, PDU set based buffer status could also be considered. If the gNB knows the PDU set size, the gNB may allocate proper grant size to accommodate the integer number of PDU sets in the allocated grant. However, if there are multiple PDU sets for the LCG configured for PDU set based BSR, multiple PDU set buffer size fields are needed for this LCG in the BSR. For the LCGs that PDU set is not applicable, the BSR based on the total buffer status can be still used.
Proposal 6 [bookmark: _Toc127520138]Per PDU set based buffer size quantization and report can be configured per LCH/LCG. 

2.2. [bookmark: _Toc110950146][bookmark: _Toc110960576]Delay information report in BSR 
As XR video traffic is delay sensitive and the total delay budget is rather smaller than other traffics such as eMBB. The delay information can help the system in two aspects. The first aspect is to help the capacity enhancement. With the delay information of the buffered data, the gNB can determine whether to schedule the transmission for the buffered data immediately regardless of the bad channel quality or wait for a better channel quality before schedule the transmissions. The second aspect is to improve the user experience by scheduling immediate transmissions for the XR data if there is available tight delay budget. For either aspect, quick report of the delay information for the buffered XR data by the UE is required. Delay information of the buffered data in the transmission buffer of the UE can help the gNB to determine the available delay budget for the buffered data. No clear benefit is observed to report the delay information using a separate MAC CE from the BSR MAC CE. From this perspective, we propose:
Proposal 7 [bookmark: _Toc127520139]If delay information report is configured, the delay information and the buffer status of the queued data should be reported in the same extended BSR (i.e. new BSR format).
For one LCG whose delay information should be reported, there is one issue on how to report the delay information. To optimize the delay information report, proper quantization for delay information report is required. The delay quantization table could be either predefined in specification or provided via RRC signaling, wherein the former can save signaling overhead while the latter can provide flexibility for delay quantization in case of different e2e delay requirements. For the latter, the gNB can configure the mapping between the entries and the corresponding delay ranges., which gives the opportunity for the gNB to provide the optimal delay information quantization granularity in case of different e2e delay requirements.
Proposal 8 [bookmark: _Toc127520140]A delay quantization table should be introduced for delay information report.
Proposal 9 [bookmark: _Toc127520141]RAN2 to consider the following two options for delay quantization table:
· [bookmark: _Toc127520142]Option i) the static delay quantization table;
· [bookmark: _Toc127520143]Option ii) configurable delay quantization table by RRC signaling.
There is still one issue on whether/how to report the delay information for one/all LCGs. Considering the overhead of delay information report and the expected benefit, it is not desired to always report the delay information for all LCGs once a BSR is reported. For one instance, for the LCGs whose LCHs does not carry delay sensitive traffic, the gNB has no interest to know the related delay information. 
Proposal 10 [bookmark: _Toc127520144]RAN2 to support per LCG delay information report.
For one LCG whose delay information is to be reported, there could be multiple buffered PDU sets/PDUs. If the delay information respectively for all buffered PDU sets/PDUs are reported, the maximum size taken by the delay information of one LCG can be very large. In order to save the size for the delay information report, the delay information of the oldest PDU set/PDU can be reported. The gNB can determine how to deal with the rest PDU sets/PDUs for the LCG based on the delay information of the oldest PDU/PDU set.
Proposal 11 [bookmark: _Toc127520145]The delay information to be reported for one LCG should be determined based on the delay information of the oldest PDU set/PDU of this LCG.

2.3. New BSR triggering
To avoid frequently triggering of BSR with delay information or always including delay information for an LCG into the BSR, conditions for BSR report with delay information should be allowed. It is expected that the UE only reports the BSR with delay information when this delay information can really help the UL scheduling by the gNB. The triggering conditions for BSR report with delay information in different situations (e.g. various processing delay performance of gNB and UE) could be different. As the delay requirements for different LCG can be different, the triggering conditions should be configurable per LCG.
Proposal 12 [bookmark: _Toc127283392][bookmark: _Toc127368534][bookmark: _Toc127457995][bookmark: _Toc127458023][bookmark: _Toc127520147]RAN2 to support the delay based BSR triggering condition per LCG.
In Rel-15/16 NR, UL data arrives at a UE’s L2 buffer(s), and the UE requests UL-SCH resources for the UL data via SR/BSR mechanisms. In the BSR mechanism, several types of BSR are defined, i.e. ‘Regular BSR’, ‘Periodic BSR’ and ‘Padding BSR’. The volume of UL data is reported by a BSR MAC CE when at least one BSR has been triggered and not cancelled, and there are UL-SCH resources available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its subheader.
The current regular BSR is triggered by the data arrival of an LCH with higher priority than all the LCHs with data available. The buffer change of the LCHs with already available data relies on the periodic BSR. However, the periodic BSR is only triggered by the expiration of the periodicBSR-Timer. If there is continuous data arrival for one LCH, the gNB cannot know the exact buffer status for the LCH according to the existing BSR mechanism as no new BSR will be triggered except the periodic BSR. Continuous UL data arrival of UL XR traffic is probably the real case as the application layer may take considerable time to perform the video encoding and deliver the encoded packets to the RAN layers gradually during the video encoding process. From this perspective, new triggering mechanisms to enable the gNB to be timely aware of the UE buffer change should be studied. One possible improvement could be that, for example, if a new packet or a new set of packets belonging to a logical channel /QoS flow /stream satisfying pre-defined requirement(s), or, the amount of data of the logical channel /QoS flow /stream pending for transmission exceeds a pre-defined threshold, or all data of a frame/burst has arrived, a BSR can be triggered. As a result, the gNB can know the UE buffer status change in time, which can further facilitate timely and efficient UL scheduling.
Proposal 13 [bookmark: _Toc127520148]RAN2 to study the following BSR triggering enhancements:
· [bookmark: _Toc127520149]Timely BSR triggering upon the subsequent data arrival of an LCH;
· [bookmark: _Toc127520150]Timely BSR triggering upon the arrival of a whole burst or PDU set.
2.4. Assistance information
The assistance information was discussed in the last meeting and it was concluded that TSCAI should be taken as the baseline. In the specification[3], the TSCAI information is defined for TSC traffic and the information is transmitted from SMF to RAN. The table for the contents of the TSCAI information was copied below for reference. According this table, the SMF can provide the periodicity of bursts, burst arrival time and survive time for TSC service:
	Table 5.27.2-1: TSC Assistance Information (TSCAI)
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two data bursts.

	Burst Arrival Time (optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress interface of the UE (uplink flow direction).

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], is synonymous with the time period an application can survive without any data burst.





As we all know that the TSCAI was initially defined for the periodic I-IoT traffic. It is used to facilitate the resource allocation for I-IoT traffic using DL SPS / UL CS.
Observation 3 TSCAI information was initially defined for I-IoT traffic.
For XR traffic, the bursts are also periodic and the burst arrival time can also help the configured scheduling. However, there are some difference between the XR traffic and the I-IoT traffic. For one instance, the data rate of XR could be very much higher and more various than the I-IoT traffic. In such sense, whether or which of these parameters can be provided for XR traffic by SMF should be confirmed by SA2.
Proposal 14 [bookmark: _Toc127520151]RAN2 to send a LS to SA2 on whether/which of the UL/DL TSCAI parameters (i.e. periodicity, burst arrival time, survive time) can be provided/applicable for XR traffic.
If SA2 confirmed that SMF does not provide the TSCAI information for XR traffic, RAN2 can consider to allow the UE to provide the related parameters using assistance information. To avoid duplicated work between RAN2 and SA2, we propose:
Proposal X: RAN2 can discuss the assistance information from the UE to the gNB based on the response LS from SA2. 
3. Conclusion
In this contribution, we have discussed the XR specific feedback enhancements based on the XR traffic characteristics. 
Based on the above discussions, there are the following observations:
Observation 1	One fixed additional BSR table can be expected to provide good enough granularity for BSR of XR traffic.
Observation 2	Additional BSR table generation based on XR traffic statistics may provide optimal granularity for ongoing XR traffic, but
a.	It needs long time to collect enough frame/burst size statistics for BSR table generation;
b.	If the XR traffic is adjusted by application layer, the additional BSR table has to be regenerated and there is ambiguity to switch from the old additional table to the new one.

Based on the discussions and the observations, we have the following proposals:
Proposal 1	Only one additional BSR table should be introduced for XR traffic.
Proposal 2	The additional BSR table should be fixed.
Proposal 3	For the additional BSR table, RAN2 support to use more than 8 bits to report the buffer status level with finer granularity.
Proposal 4	RAN2 to consider the following 3 options for BSR generation with the additional BSR table:
-	Option a: the UE is configured to only one of the legacy BSR table and the additional BSR table;
-	Option b: the UE is configured to conditionally use the legacy BSR table or the additional BSR table;
-	Option c: the UE is configured to jointly use the legacy BSR table and the additional BSR table.
Proposal 5	RAN2 to support per LCG BSR table configuration (i.e. Option c) for BSR generation.
Proposal 6	Per PDU set based buffer size quantization and report can be configured per LCH/LCG.
Proposal 7	If delay information report is configured, the delay information and the buffer status of the queued data should be reported in the same extended BSR (i.e. new BSR format).
Proposal 8	A delay quantization table should be introduced for delay information report.
Proposal 9	RAN2 to consider the following two options for delay quantization table:
-	Option i) the static delay quantization table;
-	Option ii) configurable delay quantization table by RRC signaling.
Proposal 10	RAN2 to support per LCG delay information report.
Proposal 11	The delay information to be reported for one LCG should be determined based on the delay information of the oldest PDU set/PDU of this LCG.
Proposal 12	RAN2 to support the delay based BSR triggering condition per LCG.
Proposal 13	RAN2 to study the following BSR triggering enhancements:
-	Timely BSR triggering upon the subsequent data arrival of an LCH;
-	Timely BSR triggering upon the arrival of a whole burst or PDU set.
Proposal 14	RAN2 to send a LS to SA2 on whether/which of the UL/DL TSCAI parameters (i.e. periodicity，burst arrival time, survive time) can be provided/applicable for XR traffic.
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