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Introduction
In this paper, we discuss enhancements for capacity improvements. More specifically, new BSR tables, delay status reporting, and configured grant enhancements.
Discussion
New BSR Tables
In our understanding, the main purpose of new BSR tables is to allow network to schedule UL grants whose sizes better match UE’s buffered data. For XR traffic, the size range of UE’s buffered data is mostly determined by the size range of a video frame, which in turn can be known beforehand once the corresponding encoding rate and frame rate are known. For example, suppose an XR application applies AVC codec with 4K resolution, which produces a bit rate in the range of 20~150 Mbps. Then at 60 fps, the size range of a video frame is 41~321 KB. Or at 90 fps, the corresponding size range of is 28~208 KB. We hence may define two new BSR tables based on those two ranges. Or we may define a single BSR table that covers both (i.e. 28~321 KB), if we want to have only a small number of new BSR tables.  
Observation 1.	The range of a new BSR table can be determined by considering the size range of a XR video frame, which can be determined beforehand based on its encoding rate and frame rate.
There are only a limited number of encoding rates and frame rates that need to be supported, e.g. HD, 4K, 8K for encoding rates, and 24, 25, 30, 50, 60, 90, and 120 fps for frame rates. So a maximum of 3 x 7 =21 new BSR tables may need to be pre-defined. Since some frame rates are very close (e.g. 24, 25 and 30 fps. Or 50 and 60 fps), they may be covered by a single new BSR table (as shown in the example above). Hence the actual number of new BSR tables would be smaller (e.g. 12).
A further observation is that we do not have to specify each code point in each new BSR table in the specification. This is possible because all code points in a BSR table can be completely specified based on four parameters: minimum and maximum buffer size, total number of code points, and whether the step size is linear or exponential. As a result, the spec drafting will not take a lot of effort, because we only need to tabulate the four parameters of each new BSR table. 
Observation 2. 	Only a limited number of new BSR tables (e.g. 12) need to be defined. Each of them can be completely specified by up to 4 parameters. 
From UE’s perspective, predefined BSR tables are more desirable than RRC configured ones, because it does not need to generate BSR tables on demand. That would reduce implementation and testing efforts for UE vendors. Therefore, we think at least some new BSR tables can be pre-defined in the specification. 
Proposal 1.	To reduce UE implementation and testing efforts, pre-define a basic set of new BSR tables in the specification.
On the other hand, there also have been proposals for new BSR tables to be RRC configured. The advantage of that approach is that it can give network more flexibility in customizing BSR table(s) according to UE’s specific traffic characteristics. We think that it is an overkill to generate all new BSR tables on demand. Instead, they can be complementary to the pre-defined tables and are generated only when it is really necessary. 
Proposal 2.	To provide more flexibility for network, additional new BSR tables can be generated on demand based on parameters configured by RRC. 
Traffic flows generated by XR applications may have quite different data rates. Hence some LCGs, e.g. those with high traffic volume, may use the new BSR table(s) to take advantage of its higher resolution. Other LCGs, e.g. those with low data rates, may still use the legacy BSR table, because it has very small step sizes when buffer sizes are small. To keep the format of the enhanced BSR MAC CE simple, it is desirable to have the same number of code points in a new BSR table as that in the legacy one. We do not think this simplification would impact the accuracy of new BSR tables. For example, in the example above, the range of a new BSR table is 28~321 KB. Hence 256 code points (based on the legacy 8 bit encoding) can provide sufficiently accurate quantization. 
Observation 3. 	The legacy number of code points can provide sufficiently accurate quantization for anticipated range of new BSR tables.
Observation 4. 	Keeping the number of code points in the new BSR tables the same as in the legacy one can help keep the format of the enhanced BSR MAC CE simple.
Proposal 3.	All new BSR tables have the same number of code points as in the legacy BSR table.
If a new BSR table is generated on demand based on parameters configured by RRC, it is important that the parameters and the formula used in its calculation will yield the same results across different UE implementations. For example, if we require UEs to apply the legacy formula to generate a new BSR table, i.e.
 Bk = Bmin (1+p) k, where p = (Bmax / Bmin)1 / (N-1) – 1,
and network specifies Bmin and Bmax, then UE has to compute p, which involves a division and Nth root of a fraction. If different UE implementations have different floating-point precisions in those calculations, then they may produce different code points for the table. That clearly is not a desired outcome. Parameters configured by network, as well as generation formula to be specified, should be defined in a way that no such implementation dependences would happen.
Observation 5.	Parameters and formula used to generate a new BSR table should be defined in a way that different UE implementations can produce the same table.
To achieve that, the generation formula should use only addition and multiplication and avoid divisions and other arithmetic operations. For example, network may signal Bmin and the stepping size factor p. 
Depend on the range of a new BSR table, its code points may be generated based on either linear or exponential function. For example, if the range of a table is relatively small and linear steps can provide sufficient quantization accuracy, then equal step size between two consecutive code points can be specified. Otherwise, exponentially spaced step size can provide lower quantization errors. Based on this observation, we thus think whether step size is linear or exponential can be left to network configuration. More specifically, 
· If network specifies that step sizes are linear, the buffer size Bk can be generated according to the following formula: B1 = Bmin, and Bk = Bk-1 + floor(Bmin x p), for k=2, …, N.
· If network specifies that the step sizes are exponential, the buffer size Bk can be generated according to the following formula: B1 = Bmin, and Bk = Bk-1 + floor(Bk-1 x p), for k=2, …, N.  
Proposal 4.	For UE to generate a new BSR table, network configures minimum buffer size Bmin, whether step size is linear or exponential, and step size factor p.
Proposal 5.	Buffer size Bk can be generated according to the following formula: B1 = Bmin, and Bk = Bk-1 + floor(BS x p), for k=2, …, N, where BS = Bmin if step sizes are linear and BS = Bk-1 if step sizes are exponential.
As we have explained above, it is beneficial for different LCGs to use different BSR tables, to take advantage of the best range/resolution that all tables (both enhanced and legacy) can offer. To enable that, network can configure which BSR table an LCG should use to encode and report its buffer size.   
Proposal 6.	Network can configure which BSR table(s) an LCG should use.
It is expected that a new BSR table will have shorter range than the legacy one (otherwise, its resolution can’t be higher, with the same number of encoding points). Therefore, an LCG has to use both new and legacy BSR tables, depending on its buffer size. More specifically, if there its buffer size is within the range of the BSR table(s), it uses the new BSR table. Otherwise, legacy one is used.
Proposal 7.	An LCG uses its configured new BSR table for reporting if its buffer size is within the range of that BSR table. Otherwise, it uses the legacy BSR table for reporting.
Delay status reporting (DSR)
We may first discuss which entity should report DSR, e.g. whether it should be per LCG or per LCH. For the same reason why LCG is used for BSR reporting, we think network likely would only group LCHs with compatible priorities (delay requirements) into the same LCG. And per-LCG reporting can allow the possibility that delay status is reported together with buffer status. Hence LCG can be a good choice for the report entity for DSR. 
An XR application may generate different types of flows. Some flows have tight delay requirements, while others do not. For those flows that do not have tight delay requirements, then there probably is no need for them to report their delay status, even when such a report is triggered by another flow. Therefore, network can configure which LCG(s) should report its delay status. Not every LCG needs to report their delay status in a DSR.
Observation 6.	It is not necessary for UE to report delay status of every QoS flow, e.g. those without stringent delay requirements.	
Proposal 8.	Network can configure which LCG(s) should report its delay status.
For the level of urgence required by XR traffic (e.g. 15~30 msec), we do not think it is necessary for UE to include a DSR in every of its PUSCH transmission. Instead, network can configure a time threshold for an LCG to trigger DSR, i.e. UE triggers a DSR if the maximum remaining time among data buffered in the layer-2 buffers corresponding to the LCG drops below the configured time threshold.  
Proposal 9.	UE triggers a DSR when an LCG configured for reporting and its associated L2 buffer has data whose remaining time drops below a configured triggering threshold.
As to the remaining time, it can be defined as the residual delay budget of a PDU or PDU Set, i.e. the duration from the current time till the delay deadline. The delay deadline for a PDU in a PDU Set can be defined as the time of the first received PDU in the PDU Set plus the PSDB of the corresponding QoS flow. For other types of PDUs, delay deadline is defined as the arrival time of a PDU plus PDB of its associated QoS flow.  
Proposal 10. 	The remaining time that triggers a DSR is defined as the duration from the current time/slot till the delay deadline, where
· the delay deadline for a PDU in a PDU Set is defined as the time of the first received PDU in the PDU Set plus the PSDB of the associated QoS flow;
· the delay deadline for other PDUs is defined as the arrival time of a PDU plus PDB of its associated QoS flow.  
We think it is also useful to have timer triggered DSR, for the same reason that BSRs can be triggered by both events and timers. 
Proposal 11.	Network can also configure an LCG to periodically report its delay status.
Depends on the preferred granularity of reporting, network may configure one or more reporting thresholds. UE then reports the amount of data whose remaining time is below a reporting threshold. For example, suppose network configures two reporting thresholds, T1 and T2, where T1 < T2. Then UE reports the amount of data whose remaining time is shorter than T2, and the amount of data whose remaining time is between T1 and T2.
Proposal 12.	Network can configure one or more reporting thresholds for an LCG. For each reporting threshold, UE reports the amount of data whose remaining time is below that threshold. 
The remaining time used in determining the amount of data for each reporting threshold can be different from the remaining time which triggered the DSR, because typically there is additional delay between the time when a DSR is triggered and the time when a DSR is transmitted over PUSCH. 
The reported remaining time hence should be defined as the duration between the time/slot when a DSR is transmitted and the delay deadline as defined in Proposal 8. Since the time/slot when a DSR is transmitted can be determined ahead of time, there is no timeline issue.
Proposal 13.	The remaining time reported in a DSR is the duration between the time when the DSR is transmitted and the delay deadline of the corresponding data (as defined in Proposal 10). 
Conclusion
Based on the above discussions, we’d suggest RAN2 discuss and agree to the following proposals:
New BSR table
Observation 1.	The range of a new BSR table can be determined by considering the size range of a XR video frame, which can be determined beforehand based on its encoding rate and frame rate.
Observation 2. 	Only a limited number of new BSR tables (e.g. 12) need to be defined. Each of them can be completely specified by up to 4 parameters. 
Proposal 1.	To reduce UE implementation and testing efforts, pre-define a basic set of new BSR tables in the specification.
Proposal 2.	To provide more flexibility for network, additional new BSR tables can be generated on demand based on parameters configured by RRC. 
Observation 3. 	The legacy number of code points can provide sufficiently accurate quantization for anticipated range of new BSR tables.
Observation 4. 	Keeping the number of code points in the new BSR tables the same as in the legacy one can help keep the format of the enhanced BSR MAC CE simple.
Proposal 3.	All new BSR tables have the same number of code points as in the legacy BSR table.
Observation 5.	Parameters and formula used to generate a new BSR table should be defined in a way that different UE implementations can produce the same table.
Proposal 4.	For UE to generate a new BSR table, network configures minimum buffer size Bmin, whether step size is linear or exponential, and step size factor p.
Proposal 5.	Buffer size Bk can be generated according to the following formula: B1 = Bmin, and Bk = Bk-1 + floor(BS x p), for k=2, …, N, where BS = Bmin if step sizes are linear and BS = Bk-1 if step sizes are exponential.
Proposal 6.	Network can configure which BSR table(s) an LCG should use.
Proposal 7.	An LCG uses its configured new BSR table for reporting if its buffer size is within the range of that BSR table. Otherwise, it uses the legacy BSR table for reporting.
Delay status reporting
Observation 6.	It is not necessary for UE to report delay status of every QoS flow, e.g. those without stringent delay requirements.	
Proposal 8.	Network can configure which LCG(s) should report its delay status.
Proposal 9.	UE triggers a DSR when an LCG configured for reporting and its associated L2 buffer has data whose remaining time drops below a configured triggering threshold.
Proposal 10. 	The remaining time that triggers a DSR is defined as the duration from the current time/slot till the delay deadline, where
· the delay deadline for a PDU in a PDU Set is defined as the time of the first received PDU in the PDU Set plus the PSDB of the associated QoS flow;
· the delay deadline for other PDUs is defined as the arrival time of a PDU plus PDB of its associated QoS flow.  
Proposal 11.	Network can also configure an LCG to periodically report its delay status.
Proposal 12.	Network can configure one or more reporting thresholds for an LCG. For each reporting threshold, UE reports the amount of data whose remaining time is below that threshold. 
Proposal 13.	The remaining time reported in a DSR is the duration between the time when the DSR is transmitted and the delay deadline of the corresponding data (as defined in Proposal 10). 
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