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1		Introduction
In this paper, we discuss the granularity of delay information and the value of delay information to report. We also discuss data volume associated with delay information and propose to include the data volume in delay status report. 
2		Delay Information
One of the issues on delay information (i.e. remaining time) is the granularity of delay information. UE can report delay information for each PDU, PDU set, or data burst, etc. Different granularity incurs different amount of overhead and provide different levels of details of the delay information. 
In per-PDU-set report, UE reports one delay information per PDU set. In per-data-burst report, UE reports one delay information per data burst. In both cases, more than one delay information can be reported per logical channel, which incurs more signalling overhead than per-logical-channel report and per-LCG report. Per-PDU-set report and per-data-burst report could support per-PDU-set scheduling and per-data-burst scheduling, respectively, but in current LCP, radio resources are allocated according to channel priority and prioritized bit rate. RAN2 also agreed not to support delay-aware LCP so per-PDU-set and per-data-burst scheduling may not be supported in Rel-18.   
In per-logical-channel report, UE reports one delay information per logical channel. For example, UE can report the shortest remaining time in a logical channel. With the shortest remaining time, gNB can prioritize uplink transmission among UEs. 
In per-LCG report, UE reports one delay information per LCG. Per-LCG report is more flexible than per-logical-channel report because if there is only one logical channel in a LCG, per-LCG report can be regarded as per-logical-channel report. 
Proposal 1: UE reports one remaining time per LCG in delay status report.
The shortest remaining time in a LCG is the information that gNB needs to prioritize UEs and schedule uplink transmissions. But there is time gap between UE transmits the remaining time and then receives an uplink grant to transmit the data, as illustrated in Fig. 1. If delivery deadline of data is due during this time period the data will be discarded before UE uses the grant to transmit a transmission. So the remaining time to include in delay status report should be longer than a round trip time.


[bookmark: _GoBack]Fig. 1: Delivery deadline is due before UE receives an uplink grant. 
Proposal 2: The remaining time to include in the first transmission of a delay status report should be the longer than a round trip time.
Signalling overhead is an important issue that should be considered in delay information transmission. We think UE does not need to report delay information for new arriving data or data that is not urgent to transmit. The urgency to transmit data can be defined in terms of remaining time. For example, in Fig. 2, if the remaining time is shorter than a threshold, it is urgent to notify gNB to schedule an uplink transmission for the UE. Otherwise, UE may miss the delivery deadline of data. Hence, a delay status report can be triggered when remaining time of data is shorter than a threshold.


Fig. 2: Urgent and non-urgent zones.
Proposal 3: If remaining time is smaller than a threshold, a delay status report is triggered.  
3		Data volume and BSR enhancement
In RAN2 #120, RAN2 agreed to introduce data volume information associated with delay information and it is FFS how to do that. Data volume is closely related to delay information and should have the same granularity as delay information. For example, if per-PDU-set delay information report is agreed, UE should report a data volume per PDU set. If per-LCG delay information report is agreed, UE should report a data volume per LCG. 
For per-LCG data volume report, UE can report the data volume of the PDU set with the shortest remaining time because it is most urgent to transmit in a LCG. However, if the urgency to transmit a PDU set is defined in terms of remaining time, there may have more than one PDU set that is urgent to transmit. For example, two PDU sets may have remaining timer shorter than a threshold. Hence, UE can report total data volume of PDU sets whose remaining time is shorter than a threshold per LCG. 
Proposal 4: UE reports total data volume with remaining time shorter than a threshold per LCG.
To report the data volume, UE can include the data volume in the delay status report. In this way, whenever a delay status report is triggered, UE can transmit a delay status report to update both remaining time and data volume at the same time. Since data volume is included in delay status report, there is less impact on legacy BSR. 
Proposal 5: UE reports the total data volume in delay status report.
Similar to buffer status report, UE can use buffer size table to report a data volume (i.e. buffer size). In the current MAC specs, the buffer size (BS) field is 5 bits or 8 bits that provide 32 and 256 code points, respectively. For 8-bit BS field, if buffer size is larger than 81,338,368 bytes, UE always reports BS value 255.
In RAN2 #122 meeting, it was agreed to support one static BSR table with 8 bits BS field. Since quantization error is more severe for large buffer size report, the buffer size range of 0 ~ 81,338,368 can be divided into two non-overlapping windows. For buffer size falling in the first window, UE uses the legacy BS tables to report buffer status. If the buffer size falls in the second window, UE uses the new static table to report buffer status. 
As an example, for AR video traffic with a data rate of 45Mbps and a frame rate of 60 fps, the minimum packet size in the AR flow based on the RAN1 distribution in 38.835 is 46875 bytes. The UE can use 45709 to switch between BSR tables. If the buffer size is less than 45709 bytes the legacy table is selected otherwise the new table is utilized. 


Fig. 3: Different buffer size tables for different ranges of buffer sizes.
Proposal 6: If buffer size is small than a threshold, the 8-bit legacy buffer size table is used to report buffer status. Otherwise, the new 8-bit static buffer size table is used.
4		Delay Status Report
The delay status report format can include a LCG field to indicate whether delay information is reported for a LCG. The new BS TB field indicates which BS table (i.e. the legacy table or new table) is used to report data volume. The delay information field contains one remaining time for a LCG. The BS field contains an index to the BS table indicated by the BS TB field. 


Fig. 4: Delay status report format.
Proposal 7: Delay status report includes a LCG field, a delay info field, a BS TB field, and a BS field. 
Similar to buffer size field, the delay info field can indicate a range of remaining time instead of a single time value. For example, the range can be defined in terms of round trip time (RTT). The table 1 gives an example where if the delay information field contains index 2, that implies the remaining time is smaller than or equal to 4 RTTs. 
Table 1: A remaining time table.
	Index
	Remaining Time Value

	0
	≤ 2 RTT

	1
	≤ 3 RTT

	2
	≤ 4 RTT

	3
	≤ 5 RTT


  
Proposal 8: The delay information field indicates a range of remaining time.  
5		Conclusions
In conclusion, we have the following proposals: 
Proposal 1: UE reports one remaining time per LCG in delay status report.
Proposal 2: The remaining time to include in the first transmission of a delay status report should be the longer than a round trip time.
Proposal 3: If remaining time is smaller than a threshold, a delay status report is triggered.  
Proposal 4: UE reports total data volume with remaining time shorter than a threshold per LCG.
Proposal 5: UE reports the total data volume in delay status report.
Proposal 6: If buffer size is small than a threshold, the 8-bit legacy buffer size table is used to report buffer status. Otherwise, the new 8-bit static buffer size table is used.
Proposal 7: Delay status report includes a LCG field, a delay info field, a BS TB field, and a BS field. 
Proposal 8: The delay information field indicates a range of remaining time.  
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