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1. Introduction
In RAN2#123bis[1], RAN2 decides to override previous agreement that linear BS table is introduced for Rel-18 XR and to introduced exponential BSR Table for XR enhancement in NR. Although it can be seen from our previous simulations that exponential distribution does not perform as well as linear or piecewise linear distribution in terms of less quantization error for video traffic and other data that obeys (truncated) Gaussian distribution.
However, since RAN2 has already reached the consensus, we will take exponential distribution as premise to discuss the remaining issue on XR capacity enhancement.
For DSR, RAN2 has reached the conclusion of single threshold and single delay information per LCG, but there are still many details and open issues to be discussed.
2. Discussion
2.1 New BSR table details
We suggest to use the legacy formula to generate the new BSR table, i.e., the following formulation.

The characteristic of the above formula is that the corresponding BSR Table has a certain upper limit of quantization error, and the upper limit of its quantization error will not be greater than p.
The reason we recommend this formula is not because it has lower quantization error, which can be seen through simulation that for video data. The quantization error of exponential distribution even can be the largest in most cases. Rather, the reason for recommendation is mainly because of the certainty of its quantified error.
Considering that there is not much time left for Rel-18 and there is not enough time to evaluate the performance of other exponential distribution, in order to ensure the endorsement of XR enhancement WI, we recommend to reuse the legacy formula.
Proposal 1: Due to the certainty of max QE, reuse legacy BSR table formula to generate new BSR table.
With regarding to the previous agreement of 8-bit BSR, the quantization error of exponential distribution actually depends on the value of Bmin and Bmax.
And the selection of Bmin and Bmax can refer to the video bit rate range provided in TR 26.998:
Table 4.5-1: Expected Video coding standards performance and bitrate target
	Codec
	Coding performance
(Random-Access)
	 
	Targeted bitrate
(Random Access)

	 
	Objective
	Subjective
	 

	AVC
	 
	 
	4k:
· Statmux: 20-25 Mbps
· CBR: 35 - 50 Mbps
8k: 
· CBR: 80 - 100 Mbps
· High quality: 100 - 150 Mbps
[33][34][35]

	HEVC
	-40% vs AVC [33][34][35]
	-60% vs AVC [33][34][35]
	4k:
· Statmux: 10-13 Mbps
· CBR: 18-25 Mbps
8k: 
· CBR: 40-56 Mbps
· High quality: 80-90 Mbps
[33][34][35]


Please note that we think it is very outrageous to use the range of video frames to determine the range of the BSR Table, but not to determine the distribution of the BSR Table based on the distribution of the video frames.
According to the above table, we can see that Bmax should not be less than 150/8/24 Mbyte = 800 Kbyte, and Bmin should not be greater than 10/8/240 Mbyte = 16/3 Kbyte. It also should be noted that 1) this bitrate is only for 4K or 8K video. The bit rate of 1080p videos, which is more common, will be lower. 2) XR traffic flow contains not only video data, but also audio, tactile and other user input data, but the data volume of those data is small. Therefore, the final Bmin and Bmax should be appropriately enlarged to cover this part of the data.
Using Bmin = 16/3 Kbyte and Bmax = 800Kbyte, the p = 0.0198, which is larger than 1% QE target. And if using 1% QE, then Bmax/Bmin < 12.64 (i.e., 1.01255). For reference, QE of legacy 8-bit BSR table is about 6.5%
For the gap between 1% QE target and the QE of exponential BSR table, considering that the demand for 150mbps in uplink is not common (at least at this stage) and it is quite difficult for both UE and RAN to transmit multiple 8K high bit rate video tracks simultaneously over the air interface. We recommend not to consider it for Rel-18, because few personal devices support 8K30fps or 4K240fps.
Proposal 2: RAN 2 to agree that in Rel-18, 8K and 240fps is not supported in uplink due to 1% QE target, consider introduce additional BSR table in the future.
After getting rid of 8K and 240K, Bmax = 50/8/24 Mbyte = 800/3 Kbyte, Bmin = 10/8/120 Mbyte = 32/3 Kbyte. The corresponding QE is 1.27% at most.
Proposal 3: RAN 2 to agree that new BSR table should cover at most [32/3, 800/3] Kbyte with at most 1.27% QE, which covers from 4K120Hz and 4K24Hz, or equivalent to 1.6x or 8x 1080p60Hz video tracks.
Moreover, since it’s already agreed that new BSR table has 8-bit codepoints, making the size of short or short truncated BSR MAC CE larger than 1 Oct, we think it’s not necessary for padding BSR to use new BSR table since the legacy table can provide more information.
Proposal 4: New BSR table is not applicable for padding BSR.
If RAN2 agrees with the above conclusion, RAN2 can discuss further details in the CR discussion.

2.2 BSR enhancement for PDU discarding and multi-PUSCH CG
Due to the introduction of PDU discarding, the buffer size in UE MAC layer may be reduced, which can lead to the inaccuracy of previous reported BSR., and eventually lead to gNB allocating larger radio resource than UE actually needs.
According to current agreement of RAN2, there are two triggering mechanisms for PDU discarding, one is PSI-based discarding (can be indicated as zero value of discard timer) and the other is timer-based discarding. These two triggering mechanisms has different impact on BSR. 
For timer-based discarding, the PDCP discard timer is configured by NW. If UE can trigger and report DSR normally, gNB can calculate the data volume discarded by UE based on DSR and UL grant (supposing UE will always load the data to be discard first after send a DSR). Therefore, no need to trigger BSR.
For PSI-based discarding, gNB cannot know the data discarded by UE. Therefore, BSR should be triggered to report the reduction of available data.
Observation 1: For timer-based PDU discarding, DSR can inform gNB about the size of PDU(s) to be discarded and therefore no need to trigger BSR, but for PSI-based PDU discarding solution, gNB will not know the size of PDU(s) discarded by UE.
Therefore, it is not difficult to find the triggering conditions of BSR:
Proposal 5: PDU set discarding can trigger BSR if
· PDU set discard timer is not configured by gNB.
· PDU set discarding is triggered by PSI or zero value is configured for PDU set discard timer.
· Non-zero value for PDU set discard timer is configured by gNB, but DSR is not available or not reported successfully.
Also, we think when the remaining TO(s) cannot load all available data, UE should trigger a BSR and assemble it in the nearest TO to request UL grant and avoid sending SR. Because if the BSR is not send in the nearest TO immediately, UE may need to send SR and additional BSR first before send XR data, which may be discard already.


It can be seen from the above illustration that if BSR can be triggered in the nearest TO, the overall delay will be reduced and SR is not necessary.
Proposal 6: When the size of available data exceeds the size of remaining TO(s), UE should trigger a BSR to avoid sending SR. 

2.3 DSR details
Although RAN2#123bis has reached the conclusion of single threshold and single delay information per LCG, there are many details still need discussion, e.g., the content of delay information, the definition of threshold, etc. To ensure WI endorsement, RAN2 discussions should focus on discussion of these issues. The following is what we think should be noted for DSR:
Definition of delay status:
In RAN2#122, RAN2 has agreed that delay status is based on PDCD discard timer. Therefore, in order for gNB to know the delay status clearly, we recommend using the time remaining when DSR is sent, which helps to avoid gNB redundant processing.
Proposal 7: Delay status is the driven by the remaining time of PDU set (or PDCP) discard timer when associated DSR is sent.
And the next question is how to map the remaining time/delay status. We think there are two options to map the remaining time. 
Option 1 is to use real time mapping, and the unit can be millisecond. 
Option 2 is to use the remaining scheduling times, e.g., remaining uplink transmissions, if the gNB still does not schedule the user after the reported scheduling times, this part of the data will be discarded.
We prefer to use Option 2 here mainly because of non-uniform UL TTI. Millisecond is not a good metric for gNB scheduler since gNB need to convert remaining time to how many transmission occasions or UL grant is left. 
Also, for TDD and FDD, remaining uplink transmission is more suitable, for instance, 5ms remaining time equals to 10 uplink transmissions in FDD but on 4 uplink transmission for some frame struct in TDD. For the fairness of TDD and FDD user, remaining uplink transmission should be adopted.
We believe that the method of using the remaining scheduling times has some advantages. And the ultimate purpose of DSR is to request UL Grant for partial data that is about to expire, so directly using remaining scheduling times is more intuitive for both gNB and UE.
Proposal 8: For TDD with different UL TTI (e.g., 7DS2U, DDDSUDDSUU), use multiple thresholds for triggering DSR.
Data volume mapping:
Agreement on data volume calculation is that it should be based on the size of full remaining PDUs in the PDU set. One feasible solution for data volume mapping is to reuse BSR table. But considering that the data volume of remaining PDU will not exceed that reported in BSR, reusing the same or the whole BSR table is not necessary and may waste codepoints.
Observation 2: DSR associated data volume will not exceed BSR due to partial data may already be sent. If not, RAN has more chance to experience overload shortly. And if RAN is overload, DSR cannot help much for that.
Also, considering that associated data volume is not much and legacy BSR table starts for zero, we suggest not to use new table but use the legacy table.
Proposal 9: Use narrowed legacy BSR table (i.e., less codepoints) for DSR data volume mapping.
Another reason we suggest to use narrowed BSR table is that if UE reports DSR, RAN is approximately pretty close to experience overload. Hence, it's not very piratical for RAN to allocation much radio resource to UE
Prohibit timer for DSR:
For DSR, if it’s triggered by PDU set discard timer, it can be inferred that DSR will be triggered multiple times until the corresponding timer has expired or the corresponding data is sent.
Proposal 10: To avoid frequently sending DSR for a same or other PDU set(s), a prohibit timer can be introduced based on the threshold per LCG.
DSR MAC CE priority:
	The Channel Access Priority Classes (CAPC) of radio bearers and MAC CEs are either fixed or configurable for operation in FR1:
-	Fixed to the lowest priority for the padding BSR and recommended bit rate MAC CEs;
-	Fixed to the highest priority for SRB0, SRB1, SRB3 and other MAC CEs;
-	Configured by the gNB for SRB2 and DRB.


When DSR is triggered, quality of user experience is at risk due to potential data corruption, therefore we think DSR should have at least the same priority with regular BSR. 
Proposal 11: DSR has the same priority as regular BSR.
Design of DSR MAC CE
We suggest RAN2 to consider the following DSR MAC CE format. The 2-Oct DSR MAC CE has finer granularity and can indicate which BSR table is applied. But we also think 1-Oct DSR MAC CE is necessary for its compact format, because UE cannot assume whether gNB will allocate resource or not after sending DSR, sending more data is always better than not to.


Proposal 12: Introduce 2 DSR MAC CE format, including 1 Oct and 2 Oct length.

3. Conclusion
New BSR detail:
Proposal 1: Due to the certainty of max QE, reuse legacy BSR table formula to generate new BSR table.
Proposal 2: RAN 2 to agree that in Rel-18, 8K and 240fps is not supported in uplink due to 1% QE target, consider introduce additional BSR table in the future.
Proposal 3: RAN 2 to agree that new BSR table should cover at most [32/3, 800/3] Kbyte with at most 1.27% QE, which covers from 4K120Hz and 4K24Hz, or equivalent to 1.6x or 8x 1080p60Hz video tracks.
Proposal 4: New BSR table is not applicable for padding BSR.
BSR trigger enhancement:
Observation 1: For timer-based PDU discarding, DSR can inform gNB about the size of PDU(s) to be discarded and therefore no need to trigger BSR, but for PSI-based PDU discarding solution, gNB will not know the size of PDU(s) discarded by UE.
Proposal 5: PDU set discarding can trigger BSR if
· PDU set discard timer is not configured by gNB.
· PDU set discarding is triggered by PSI or zero value is configured for PDU set discard timer.
· Non-zero value for PDU set discard timer is configured by gNB, but DSR is not available or not reported successfully.
Proposal 6: When the size of available data exceeds the size of remaining TO(s), UE should trigger a BSR to avoid sending SR. 
DSR detail:
Proposal 7: Delay status is the driven by the remaining time of PDU set (or PDCP) discard timer when associated DSR is sent.
Proposal 8: For TDD with different UL TTI (e.g., 7DS2U, DDDSUDDSUU), use multiple thresholds for triggering DSR.
Observation 2: DSR associated data volume will not exceed BSR due to partial data may already be sent. If not, RAN has more chance to experience overload shortly. And if RAN is overload, DSR cannot help much for that.
Proposal 9: Use narrowed legacy BSR table (i.e., less codepoints) for DSR data volume mapping.
Proposal 10: To avoid frequently sending DSR for a same or other PDU set(s), a prohibit timer can be introduced based on the threshold per LCG.
Proposal 11: DSR has the same priority as regular BSR.
Proposal 12: Introduce 2 DSR MAC CE format, including 1 Oct and 2 Oct length.
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