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Introduction 
This paper discusses three remaining issues on BSR, namely, the range of the new BSR table, rule for use of truncated Refined BSR MAC CE, and long BSR for single LCG.
Discussion
Range of the new BSR table
In this section, we present our approach in choose a good range for the new BSR table. But before we do that, we make a few observations on how to choose a sensible and practical range for the new BSR table. 
On the choice of the maximum of the new BSR table, in the post meeting email discussion [POST#123bis][024][XR], the views of companies were split between the following two options:  reuse of the maximum of the legacy BSR table vs derive it based on the maximum bit rate and min frame rate of UL XR traffic (provided in XR SI TR 38.838). 
Proponents for reusing the legacy maximum argued that it would help minimize specification efforts and allow it to be used for traffic other than XR. Although this view has some merits in it, we think it would inevitably increase the quantization error of the new BSR table but this increase is not well justified. The reason is that the primary goal for the new BSR table should be to benefit XR traffic first. Benefits for other types of traffic should be secondary and the “by-product” of this enhancement. To focus more on benefiting XR traffic, the range of the new BSR table should better match the range of frame sizes of XR traffic. 
Observation 1. 	Reusing the legacy maximum buffer size would unnecessarily increase the quantization error of the new BSR table for XR traffic.
In the same post email discussion, some companies proposed that if the minimum buffer size is very small, then it is simpler just to set it to 0. This argument may seem reasonable in terms of absolute values of buffer size. But the quantization error can differ quite significantly when buffer size changes from several KBs to 0. The reason for this big change is because of the special characteristic of exponential distribution: it allocates less code points in the higher end when the minimum is reduced. Moreover, lower end is not the region where the enhancement should focus on, because the lower end already has very fine granularity in terms of absolute values. Therefore, we do not think it is a good idea to set the minimum buffer size to 0. 
Observation 2. Setting the minimum buffer size to 0 results in many code points being concentrated at the low end of the buffer size table. This yields little improvement in terms of quantization error compared to the legacy.
In our previous contributions (e.g. [1]), we have described how to use the maximum bit rate and minimum frame rate to derive the maximum buffer size. This approach is also supported by majority of companies (10 out of 14). 
Based on the arguments in [2], additional factors can be taken in account in those derivations: 
· Variations due to truncated Gaussian distribution. According to TR 38.838, a factor of 1.5 can be added on top of the mean of the distribution to derive the maximum. 
· If we take the minimum frame rate to be 15 fps, then its periodicity is 66.7 msec, which is longer than the typical delay requirement of 50 msec for UL. Therefore, if there is no congestion, there is at most one frame (PDU set) in UE’s buffer. 
Therefore, the maximum buffer size for the new table can be derived as follows:
	Bmax = 1.5 x 150Mbps (max bit rate) /8/ 15 (minimum frame rate) = 1,875 KB.
For the minimum buffer size, one may set the minimum to the product between minimum bit rate and maximum frame rate, multiplied by a factor due to Gaussian distribution (similar to what’s done for the maximum above). In TR 38.838, the factor to derive the minimum based on the average is 0.5. Following this approach, one can obtain the following:
· Bmin = 0.5 x 10 Mbps (min bit rate) /8 / 120 fps (maximum frame rate) = 5 KB. 
In the above, we have used bit rates and frame rates of XR traffic reported in TR 38.838 to derive a possible range of XR frame sizes, which then is used as the range for the new BSR table. One of the key assumptions used is that the bit rates and frame rates are independent and hence one may use max bit rate (120Mbps) together with min frame rate (15 fps) in the calculations. However, such a combination may not be realistic in actual implementations, i.e. it is very atypical for a high-performance XR device which has a 120 Mbps encoding rate but refreshes its video only at 15 fps.  Moreover, 120Mbps may be too high as a sustainable average throughput for uplink, even when UE has excellent uplink quality. 
Observation 3. 	It might be unlikely for a commercial device to implement 120Mbps encoding rate (max bit rate in TR 38.838) with a minimum frame rate of 15 fps.
We may consult SA4 to get a more practical set of pairings between max bit rates and min frame rates. However, given that we have only one meeting left, it might be a bit late to do that. Alternatively, we think a more pragmatic option is to use maximum link rate instead of max bit rate in the calculation. The rationale behind it is that most XR applications use adaptive codec, which can vary its bit rate to match with whatever link rate is available. Hence for any given frame rate, we do not have to know what the maximum encoding rates are. We can simply use the maximum link rate divided by the frame rate to determine the maximum frame sizes.  
Observation 4. 	It is more realistic to use maximum link rate instead of maximum bit rate to derive the maximum frame size. 
Since most devices with uplink-centric traffic (e.g. AR) are power sensitive, we can restrict the link rates to be those on a single FR1 carrier. Since 16QAM is the most commonly available MCS in NR networks, we assume the corresponding link rate of ~60Mbps can be used as the realistic maximum average throughput for XR UEs. With that, we can derived a corrected maximum frame size as follows: 
	Bmax = 1.5 x 60Mbps (max link rate) /8 /15 (min frame rate) = 750 KB. 
With this Bmax and the Bmin derived above, the quantization error of the new BSR table can be derived to be 2.0%.  
Proposal 1.	The maximum buffer size can be determined as the ratio between maximum link rate (60Mbps) and the minimum frame rate (15 fps), which is 750KB.
Proposal 2. 	The minimum buffer size can be determined as the ration between minimum bit rate (10 Mbps) and maximum frame rate (120 fps), which is 5 KB. 
Conditions for the use of truncated Refined BSR MAC CE
In the post meeting email discussion ([POST#123bis][024][XR]), most companies support to have a truncated version of the Refined BSR MAC CE. But it remains an open question when and how this truncated Refined BSR MAC CE may be used. 
First, as the truncated version of the Refined MAC CE, it must contains all the headers of the latter, i.e. the MAC subheader (1 byte), LCG bitmap (1 byte), and BSR table bitmap (1 byte). In addition, it does not sense if the truncated Refined BSR MAC CE does not contain any buffer size fields, because otherwise the BSR table bitmap is useless and the legacy truncated BSR MAC CE should be used instead. In addition, at least one of the included LCG will use the new BSR table to report its buffer size (i.e., it is allowed to use the new table and its buffer size is within the range of the new table). Because otherwise there is no need to include the BSR table indicator bitmap in the MAC CE. 
Therefore, we think the first rule should be that 
Proposal 3. 	If truncated Refined BSR MAC CE is supported, UE may use it only if the MAC PDU has enough bytes to include buffer size of at least one LCG and at least of the included LCGs uses the new BSR table to report its buffer size.
Second, UE needs to decide which truncated MAC CE to use if there is enough space to accommodate either type of MAC CEs. Let us first consider two examples. In both examples, suppose there are 4 bytes available. Hence the legacy truncated BSR MAC CE can include buffer sizes of the first two LCGs, but the truncated Refined BSR MAC CE can include at most one LCG. 
· In the first example, suppose the highest priority LCG which has data has only a small amount of data (e.g. pose update), and the second LCG is associated with video flow and has a large amount of data. Then in this case, it is clear that UE is better off by sending the legacy truncated BSR MAC CE, because the buffer size of the video flow can be reported. Whereas if the truncated Refined BSR MAC CE is used, the buffer size of the video flow can’t be reported.
· In the second example, suppose the first LCG is associated with video and has a large amount of data but the second LCG has only small amount of data. Then in this case, it is more beneficial for network if the truncated Refined BSR MAC CE is used, because although it reports less number of LCGs than the legacy one, it can provide network with more accurate buffer size information on high priority flows. Whereas if the legacy truncated BSR MAC CE is used, it only provides marginal benefits, because the 2nd LCG has only small amount of data. 
From these two examples, one can see that the choice between these truncated MAC CEs may depend on multiple factors, e.g. buffer sizes of LCGs, their priorities, etc. Instead of trying to discuss and develop a complicated rule based on these factors, we think it is easiest just to leave it to UE implementation. 
Proposal 4. 	If a MAC PDU meets the criteria to include either legacy truncated BSR MAC CE or the truncated Refined BSR MAC CE, it is up to UE implementation which one to use. 
Long BSR for a single LCG
In legacy, if more than one LCG has data available for transmission, long BSR is used. Otherwise, short BSR is used. This design may be fine for typical eMBB traffic but may deserve a different consideration for XR. 
It is common for a UL-centric XR application to consist of one high data rate flow (e.g. video) and then a few low rate flows (e.g. control, pose update, etc). Hence in significant percentage of time one may expect that there is only one LCG (e.g video) has data available in UE’s buffer. As a result, it would be very inefficient if only short BSR can be used in this case. Therefore, it is more efficient to allow such an LCG to use long BSR to report its buffer size even when it is the only LCG that has data available. 
The eligibility for an LCG to use this enhancement can be configured by network. However, it does not need to be tied to additionalBSR-TableAllowed, because other types of UEs can benefit from this enhancement too, if it is considered beneficial by network.
Proposal 5. 	Network can configure whether an LCG can use long BSR even when it is the only LCG with data available. 
Conclusion
Range of BSR table
Observation 1. 	Reusing the legacy maximum buffer size would unnecessarily increase the quantization error of the new BSR table for XR traffic.
Observation 2. 	Setting the minimum buffer size to 0 results in many code points being concentrated at the low end of the buffer size table. This yields little improvement in terms of quantization error compared to the legacy.
Observation 3. 	It might be unlikely for a commercial device to implement 120Mbps encoding rate (max bit rate in TR 38.838) with a minimum frame rate of 15 fps.
Observation 4. 	It is more realistic to use maximum link rate instead of maximum bit rate to derive the maximum frame size. 
Proposal 1.	The maximum buffer size can be determined based on the ratio between maximum link rate (60Mbps) and minimum frame rate (15 fps), which is 750KB.
Proposal 2. 	The minimum buffer size can be determined based on the ratio between minimum bit rate (10 Mbps) and maximum frame rate (120 fps), which is 5 KB. 
Conditions for the use of Truncated BSR MAC CE
Proposal 3. 	If truncated Refined BSR MAC CE is supported, UE may use it only if the MAC PDU has enough bytes to include buffer size of at least one LCG and at least of the included LCGs uses the new BSR table to report its buffer size.
Proposal 4. 	If a MAC PDU meets the criteria to include either legacy truncated BSR MAC CE or the truncated Refined BSR MAC CE, it is up to UE implementation which one to use. 
Long BSR for single LCG
Proposal 5. 	Network can configure whether an LCG can use long BSR even when it is the only LCG with data available.  
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