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1. Introduction
RAN#98-e has approved the XR WID in RP-223502 including BSR and delay report enhancement for XR capacity:
	-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);



In this contribution we further discuss UE feedback enhancements e.g., delay report, BSR format and trigger.
2. [bookmark: Proposal_Beacon]Discussion
In RAN2#121bis-e meeting following agreements for BSR enhancements have been reached:

	· Support of new BSR table(s) is based on NW configuration and UE capability. FFS whether the UE capability can apply to non-XR UEs.
· As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 
· Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made. 
· At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
· New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
· Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.
· As working assumption (depending on how we create the new BSR table(s) and the MAC CE format), If more than one new BSR table are introduced, all of them have the same size BS field. FFS on the exact size.
· Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  
· Have more discussions on Option 2a (static BSR tables) vs Option 2b (RRC configured BSR tables). In next meeting, companies should explain how BSR table(s) are created and how many tables would be needed, and how the MAC CE structure will look like. Should also explain what is the expected quantization error.



 

Delay Report enhancement
The gNB can take knowledge of PDU set delay into account in scheduling transmissions, e.g., by giving priority to transmissions close to their delay budget limit, and by not scheduling (e.g., UL) transmissions exceeding a PDU set delay budget. The UE can also take advantage of such knowledge to save UE’s power by determining if an UL transmission (e.g., PUCCH in response to PDSCH, UL pose, or PUSCH) corresponding to a transmission that exceeds its delay budget can be dropped. Additionally, UE does not need to wait for re-transmission of a PDSCH that will never occur (e.g., DRX retransmission timers can be stopped). For DL transmissions it is assumed that gNB is aware of the Remaining delay budget of the data pending for transmission, e.g., based on information provided by the SMF, and takes such knowledge into account in scheduling decisions. 

For UL resource allocation, it would be necessary that UE provides some assistance information regarding the remaining delay budget of the data pending in its buffer to the gNB. We think that UE should provide information on the delay budget of the data for which UL resources are requested when sending a buffer status report. We think that the PSDB information provided to the RAN is not sufficient. Since NW is not aware of the exact arrival time of UL data in the buffer and hence can also not be sure about the remaining (valid) time of data being pending in the buffer for transmission, UE should provide this information within the BSR. UE triggers the delay report when the remaining time is less than a threshold which is configured by NW. In addition, for less signalling overhead, UE can report the remaining PDU set delay budget of the available PDU set with the lowest PSDB value if the remaining PDU set delay budget has not run out.
Similarly, gNB would benefit from a notification by UE about UL data - which were reported in a BSR previously - for which the delay budget is exceeded. gNB can take such knowledge into account for an efficient resource allocation, e.g. avoiding to issue further UL grants for data pending in UE’s buffer which is of no use for the user. 

The next question is how to calculate the remaining delay budget of a PDU set for the UE. Assuming the NW configures the PDU set delay budget over the air interface to the UE, e.g. by reusing the discard timer length as the PSDB value, the UE further calculate the remaining delay budget i.e., remaining delay budget of a PDU set = PDU set delay budget configured by the NW – PDU set buffer delay, wherein the PDU set buffer delay = the timing of the BSR transmission including the delay information of the PDU set - the arriving timing of the first data of the PDU set from the upper layer to the PDCP layer when the UE assembles the enhanced BSR MAC to the MAC-PDU.

Proposal 1: UE should include delay information, e.g. remaining delay budget, associated with data (e.g. PDU set) being available for transmission within a BSR.
Proposal 2: NW configures the PDU set delay budget over the air interface to UE, e.g., by reusing the discard timer length as the PSDB value.
Proposal 3: UE calculates the remaining delay budget of a PDU set based on the PDU set buffer delay and the PDU set delay budget configured by the NW, e.g., the configured PDU set delay budget- (the BSR transmission timing of the PDU set - the arriving timing of the PDU set).
Proposal 4: UE triggers the remaining PDU set delay budget report of the available PDU set if the remaining PDU set delay budget has not run out and is less than a configured threshold.
Proposal 5: UE reports the remaining PDU set delay budget of the available PDU set with the lowest PSDB value if the remaining PDU set delay budget has not run out. 
Proposal 6: UE should notify gNB when the delay budget is exceeded for data which has been previously reported in a BSR.
BSR triggering and format enhancements
[bookmark: _Hlk109904009]As mentioned above, IP packets belonging to the same PDU set are correlated to each other, and the end-user performance may depend on if all these IP packets belonging to a single PDU set are successfully delivered for some codecs. Providing the amount of data of the PDU set is beneficial for gNB to schedule the suitable UL grant size to schedule them as a whole. However, the legacy BSR procedure does not well support the PDU set level buffer size reporting.
· Current BSR format indicates all the available data volume with LCHs in an LCG. If there’s more than one PDU set available for transmission for an LCH, NW cannot identify the buffer size for each PDU set in the BSR and also cannot know the amount of data corresponding to the remaining delay budget information. RAN2 can discuss how to enhance the PDU set buffer size report format. For example, if an LCG only has one PDU set, the BSR includes the PDU set size for the PDU set available for transmission and the associated PDU set index in Figure 1. In Figure 2, multiple PDU set buffer size can be included for one LCG. LCG index indicates buffer size of LCG is for which LCG, and PDU set bit indicates how many and which PDU set has buffer status.


Figure 1. An example of one PDU set in one LCG


Figure 2. An example of multiple PDU sets in one LCG
For the less overhead as possible, this enhancement report may be configured by the NW for the specific logical channel carrying PDU set, other logical channels may keep legacy BSR format by allocating them to separate LCG ID for the network. 
· There are 4 type of current BSR trigger event: 1) UL data with an LCH in an LCG with higher priority becomes available or UL data with an LCH in an LCG becomes available again after no ULs data in an LCG is available; 2) number of padding bits is larger enough to include an BSR; 3) retxBSR-Timer expires and data is available in an LCG ; 4) periodicBSR-Timer expires. The event 1), 2) and 3) is not designed for the period arrival data. Due to the UL arrival jitter caused by variable coding delay depending on the variable packet size, it is difficult to set a suitable value of periodicBSR-Timer to adapt the periodical arrival with jitter. When SDUs of a PDU set belonging to a LCH arrives and there are still PDUs of a previous PDU set for transmission belonging to the same LCH, no legacy BSR for the newly arrived PDU set can be triggered. Therefore, the BSR trigger for the PDU set may be delayed.;  
Proposal 7: RAN2 to discuss Long/short (truncated) BSR format enhancements to report multiple PDU set buffer sizes in one BSR MAC CE.
Proposal 8: NW configures UE to use a new BSR MAC CE format for specific logical channels/LCG.
Proposal 9: UE will be configured, e.g. by RRC, with an enhanced BSR reporting procedure which is optimized for XR traffic in addition to the legacy BSR reporting procedure.

New Buffer Size Table
In the RAN2#121bis meeting, RAN2 discussed BSR enhancement for XR traffic to introduce new BS table to reduce the quantisation errors. 
During the email discussion about option 1c and option 1a in last RAN2 meeting:
· Option 1a. UE always sends only one BSR. UE may use either the legacy BSR table or a new BSR table with smaller quantization error. UE chooses which BSR table to use based on its buffer size, e.g. use a new BSR table if its buffer size is within the range of the new BSR table or use the legacy BSR table instead. 
· Option 1c. UE sends only one BSR MAC CE in one PUSCH transmission, but the UE may report the overall buffer sizes for one LCG with two buffer size values in the BSR MAC CE: the first buffer size value indicates a coarse value of the LCG’s buffer size, and the second BSR refines the first buffer size. Without loss of generality, let us assume in this discussion that either of these two buffer size values can be based on either the legacy or a new BSR table.
There is opinion to claim option 1c to solve this quantisation error is complex and to challenge the overhead and performance compared to option 1a, thus reach conclusion that as a working assumption, at most one BSR index or BSR value is reported by an LCG. However, the following is our analysis for option 1a about the complexity to create and reconfigure the tables:
1. To design multiple 8-bit buffer size tables which cover all the variable frame sizes to address the quantization errors and considerable additional overhead to indicate the table information for each LCG.
We analyse the quantisation errors for example of frame rate having 60 fps according to the statement in RAN1 TR 38.838 in the following table against the current BS 8-bit table in TS 38.321.
Table 1 quantisation errors analysis for traffic with frame rate= 60FPS, data rate =10/20 Mbps, GOP size=8
	Quantization error
	Data Rate
(Mbps)
	a
	Mean 
I size
	Mean 
P size
	I-frame size(byte)
	P-frame size(byte)
	Buffer Size 

	
	
	
	
	
	Max 
	Min 
	Max 
	Min 
	

	2415 
	10
	1.5
	30840
	20560
	46261 
	15420 
	30840 
	10280 
	48676

	4700 
	20
	1.5
	61680
	41120
	92521 
	30840 
	61681 
	20560 
	97221

	530 
	10
	2
	38836
	19418
	58254 
	19418 
	29127 
	9709 
	58784

	899 
	20
	2
	77672
	38836
	116508 
	38836 
	58254 
	19418 
	117407


wherein:
· Data Rate: average data rate of a single stream video
· a: average size ratio between one I-frame/slice and one P-frame/slice
NW is only aware of the data rate and the frame rate but not aware of the frame size range in advance. Further the frame size may change when the application layer will adjust the mentioned parameters upon congestion status detection based on for example of ECN mechanism. Even for one frame rate, the frame size varies with the different data rate, rate of I-frame, rate of P-frame, group of size or size ratio between I-frame and P-frame, we observe that the variable value range for I-frame will cover from tens of thousands of bytes to hundreds of thousands of bytes. Therefore, it is difficult to determine the value range in advance. Considering this variable frame size, if we want to cover the different possibility of those traffic parameters combination, it is obvious to create considerable new tables even for each typical data rate and frame rate, which increases the burden to maintain these tables.
2. If UE selects a different BS table to report the BS index for different LCGs, the table index needs to be reported along with BS index. Additional overhead to indicate the BS table per LCG cannot avoided.
3. If considering less new tables to be used for limited or typical XR traffic, with the frame value range changes, NW may need to reconfigure the table with different range or step to UE, it increases the complexity for UE to maintain different tables from time to time. Considering if the table index size is very limited for the less table indication overhead. In case of reconfiguring a table with different range or step, we observe there is ambiguous period of the BS table used for a BSR on the fly.

Observation 1: Since the frame size varies with the different data rate, rate of I-frame, rate of P-frame, group of size or size ratio between I-frame and P-frame, it is complex to design/create considerable 8-bit buffer size tables which cover all the variable frame sizes.
Observation 2: Considerable additional overhead to indicate the table information for each LCG cannot avoided. 
Observation 3: If reconfiguring a table with different range or step happens, there is ambiguous period of the BS table used for a BSR on the fly. 

According to above analysis of option 1a, we propose to use option 1c by using a fixed buffer size table instead of introducing too many new BS tables, and this buffer size table is to be used to indicate the quantization errors and the value range only needs to cover from tens of thousands of bytes. UE selects a base buffer status based on the legacy BS table and in addition indicates another relative buffer status which indicates the quantization error based on a BS table if the remaining quantization error is larger than a threshold. The actual Buffer status of a PDU set is comprised of two parts, as shown in Figure 3. UE reports the two BSR components in the new BSR MAC CE so that the NW can derive the actual PDU set buffer size based on the two BS components for each LCG, i.e., the actual BS of PDU set = 1st BS of a PDU set + 2nd BS of a PDU set.


Figure 3. An example of multiple PDU sets in one LCG
Based on the example of table 1, even using the legacy Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field, the quantization error can be reduced to about one hundred bytes. We observe this can offer sufficiently good performance based on legacy table.

	Original Quantization error
	First Buffer Size 
	(BS Index) Second buffer size
	Reduced error to (bytes)
	Reduced error rate to (%)

	2415 
	48676
	(88) ≤ 2533
	118
	4%

	4700 
	97221
	(98) ≤ 4751
	51
	1%

	530 
	58784
	(64) ≤ 560
	30
	5%

	899 
	117407
	(72) ≤ 926
	27
	3%



Of course, if RAN2 intends to design a new fixed table to adapt the linear step to indicate this quantization error value can also work. One example, the range value is (10, 10000), if using BS index size is 8 bits, the linear step size = 40 bytes, if using BS index size is 6 bits, the linear step size = 156 bytes. 

Observation 4: using only one BS table with 8-bit size BS Index and range value (0, 10000) bytes, option 1c can reduce the quantization errors to one hundred bytes even lower. 

Proposal 10: RAN2 to use a fixed BS table to adapt the linear step size to indicate the quantization errors. 
Proposal 11: UE selects a base buffer status based on the legacy BS table, if the remaining quantization error is larger than a threshold, UE selects a relative BS index to indicate the quantization error based on a BS table.
3. Conclusion
In this contribution, we discuss UE feedback enhancements for XR capacity. We have the following proposals:
Delay Report enhancements
Proposal 1: UE should include delay information, e.g. remaining delay budget, associated with data (e.g. PDU set) being available for transmission within a BSR.
Proposal 2: NW configures the PDU set delay budget over the air interface to UE, e.g., by reusing the discard timer length as the PSDB value.
Proposal 3: UE calculates the remaining delay budget of a PDU set based on the PDU set buffer delay and the PDU set delay budget configured by the NW, e.g., the configured PDU set delay budget- (the BSR transmission timing of the PDU set - the arriving timing of the PDU set).
Proposal 4: UE triggers the remaining PDU set delay budget report of the available PDU set if the remaining PDU set delay budget has not run out and is less than a configured threshold.
Proposal 5: UE reports the remaining PDU set delay budget of the available PDU set with the lowest PSDB value if the remaining PDU set delay budget has not run out. 
Proposal 6: UE should notify gNB when the delay budget is exceeded for data which has been previously reported in a BSR.

BSR triggering and format enhancements
Proposal 7: RAN2 to discuss BSR MAC CE format enhancements to report multiple PDU set buffer sizes in one BSR MAC CE.
Proposal 8: NW configures UE to use a new BSR MAC CE format for specific logical channels/LCG.
Proposal 9: UE will be configured, e.g. by RRC, with an enhanced BSR reporting procedure which is optimized for XR traffic in addition to the legacy BSR reporting procedure.

New BS Table
Observation 1: Since the frame size varies with the different data rate, rate of I-frame, rate of P-frame, group of size or size ratio between I-frame and P-frame, it is complex to design/create considerable 8-bit buffer size tables which cover all the variable frame sizes.
Observation 2: Considerable additional overhead to indicate the table information for each LCG cannot avoided. 
Observation 3: If reconfiguring a table with different range or step happens, there is ambiguous period of the BS table used for a BSR on the fly. Observation 4: using only one BS table with 8-bit size BS Index and range value (0, 10000) bytes, option 1c can reduce the quantization errors to one hundred bytes even lower. 
Observation 4: using only one BS table with 8-bit size BS Index and range value (0, 10000) bytes, option 1c can reduce the quantization errors to one hundred bytes or even lower.

Proposal 10: RAN2 to use a fixed BS table to adapt the linear step to indicate the quantization errors. 
Proposal 11: UE selects a base buffer status based on the legacy BS table, if the remaining quantization error is larger than a threshold, UE selects a relative BS index to indicate the quantization error based on a BS table.
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