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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 previous RAN1/2 meetings it was concluded that XR-awareness information provided from the core network is helpful for the XR-specific power saving enhancements and capacity enhancements. 

In TR 38.838, a model for XR traffic was agreed for evaluating capacity and power saving aspects in a 5G NR system. The model considers the multi-flow nature of XR traffic, which includes for example video, audio and pose flows, in DL and/or UL directions. The flows described in the TR have different periodicity and packet delay budget (PDB) constraints. 
SA2 has introduced the terminology of a PDU set. A PDU set is a set of packets (e.g. IP packets) that have dependency to each other and are important to the application for correct behaviour of the application (e.g. packets of a video frame that are required to decode the video). Such PDU set must have some common QoS treatment within the 3GPP network. This is particularly needed considering that individual IP packets within an XR PDU set (e.g., a video frame) are dependent on each other and must be all received within the expected PDB to be of any use by the end user application. The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN. The concept of a PDU-Set enables enhancements to efficient resource management in 5GS, e.g. in NG-RAN. One such example enables cell capacity increase. In this example NG-RAN may take a decision to not deliver any PDU of a given PDU-Set when NG-RAN can assess that not all PDUs constituting that PDU set are feasible to be delivered within a required time.

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. For example, information of a remaining valid duration for retransmission of a TB, a request of no further retransmission of a TB can be transmitted along with HARQ-ACK feedback or other uplink control information (UCI). We think that UE should also 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. 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 configure 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 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 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. RAN2 can discuss to introduce an BSR trigger e.g., when the SDUs of a new PDU set arrives at the PDCP layer; for cases when PDU sets of difference importance level are carried on the same LCH, and new SDUs of a PDU set associated with a high importance level arrive at the PDCP layer;  
Proposal 5: RAN2 to discuss Long/short (truncated) BSR format enhancements to report multiple PDU set buffer sizes in one BSR MAC CE.
Proposal 6: NW configures UE to use a new BSR MAC CE format for specific logical channels/LCG.
Proposal 7: 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.
Proposal 8: RAN2 to discuss new BSR trigger event, i.e. data of a new PDU set associated with a high importance becomes available for a LCH for which low importance PDU set data is already buffered.

New Buffer Size Table

In the RAN2#121 meeting, RAN2 discussed BSR enhancement for XR traffic to introduce new BS table to reduce the quantisation errors, and reached the following agreement:
	· New BSR tables are fixed (=specified) or semi-static (RRC-based).
· FFS how many BSR tables are defined.


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
[bookmark: _Hlk117604371]Even for one frame rate, the frame size varies with different data rate, rate of I-frame, rate of P-frame, group of size or size ratio between I-frame and P-frame, and the variable value range between maximum value and minimum value for I-frame will cover tens of thousands of bytes. Therefore, it is challenging to define a limited set of new buffer size tables which cover all the possible packet sizes to decrease the quantisation error even for one data rate. Therefore, RAN2 needs to discuss further the detailed design of the BS tables for XR traffic. 
After evaluating the typical data rate and frame rate, the quantization errors range from several hundred or several thousand. To avoid the need to introduce too many new BS tables, RAN2 can consider using a buffer size table that indicates the quantization errors. UE may report 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 new BS table. The actual Buffer status of a PDU set is comprised of two parts, As shown in Figure 3 or Figure 4. 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 one PDU set in one LCG


Figure 4. An example of multiple PDU sets in one LCG
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 challenging to design a limit set of 8-bit buffer size tables which cover all the possible packet sizes and addressing the quantization errors. 

Proposal 9: RAN2 to discuss a fixed BS table to be used to indicate the quantization errors.
Proposal 10: RAN2 to discuss the BSR procedure to indicate two BS of a PDU set buffer size, one base BS is based on the legacy BS table, this other BS indicating the relative BS is based on the new table. 
Proposal 11: NW configures UE to use the enhance BSR procedure for the specified LCG.
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 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 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 5: RAN2 to discuss Long/short (truncated) BSR format enhancements to report multiple PDU set buffer sizes in one BSR MAC CE.
Proposal 6: NW configures UE to use a new BSR MAC CE format for specific logical channels/LCG.
Proposal 7: 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.
Proposal 8: RAN2 to discuss new BSR trigger event, i.e. data of a new PDU set associated with a high importance becomes available for a LCH for which low importance PDU set data is already buffered.

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 challenging to design a limit set of 8-bit buffer size tables which cover all the possible packet sizes and addressing the quantization errors. 
Proposal 9: RAN2 to discuss a fixed BS table to be used to indicate the quantization errors.
Proposal 10: RAN2 to discuss the BSR procedure to indicate two BS of a PDU set buffer size, one base BS is based on the legacy BS table, this other BS indicating the relative BS is based on the new table. 
Proposal 11: NW configures UE to use the enhance BSR procedure for the specified LCG.
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