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1 Introduction
In RAN2#120 meeting, there are following agreements on feedback enhancements for XR-specific capacity enhancements [1]: 
· RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 

· RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 

· RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.

And in RAN2#121 meeting, the following agreements are made on BSR [2]:
· New BSR tables are fixed (=specified) or semi-static (RRC-based).

· FFS how many BSR tables are defined.

In this contribution, we would like to discuss further issues on delay information reporting. 
2 Discussion 
2.1 Definition of remaining time and data volume
RAN2 has agreed that the delay information will include at least the remaining time. Currently the definition of the remaining time is not determined yet. Since the data of PDU sets will be buffered at PDCP layer and/or RLC layer when the delay information is reported, it is proposed that the remaining time is defined as PSDB of a PDU set minus the buffered time of the PDU set in PDCP and RLC, and the data volume corresponding to the remaining time can be the total amount of PDCP data and RLC data corresponding to the remaining time, which is similar to the buffer size definition in the current BSR. 
Proposal 1: Remaining time is the PSDB of a PDU set minus the buffered time of the PDU set in PDCP and RLC. 

Proposal 2: The data volume corresponding to the remaining time is the total amount of PDCP data and RLC data corresponding to the remaining time. 

2.2 Trigger of Delay information reporting

Since the delay information may be transmitted by BSR extension, the trigger of delay information reporting can also be trigger of (Regular) BSR. As the current BSR triggers in MAC specification [3] are not suitable for delay information reporting, new trigger(s) should be considered. In the current MAC specification [3], there are following triggers of BSR: 

	A BSR shall be triggered if any of the following events occur for activated cell group:

-
UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either

-
this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or

-
none of the logical channels which belong to an LCG contains any available UL data.


in which case the BSR is referred below to as 'Regular BSR';

-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';

-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';

-
periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'. 


It can be seen that the current BSR triggers in MAC specification do not take the remaining time into account. So, new triggers should be considered for delay information reporting. 
In our opinion, the delay information report can be triggered when the remaining time of a PDU set is lower than a threshold to make the network schedule an uplink grant timely to the UE, so that the PDU set can be transmitted to the network within its required latency. 

Proposal 3: When the remaining time of a PDU set is lower than a threshold, a delay information report or a BSR (if extension of BSR is agreed for delay information report) is triggered.  
2.3 Content and format
To report the remaining time and its corresponding data volume, a new MAC CE or a new format of BSR MAC CE should be designed. To save the signalling overhead and provide more information to network, it is proposed to use an index to indicate the remaining time. That is to say, like Buffer size field in BSR, one or more indices of the remaining time can be used in the delay information report/BSR, and each index indicates a range of remaining time. Thus, a table for the remaining time can also be defined in MAC specification, like BSR tables. 
Proposal 4: The index indicating a range of the remaining time can be included in the delay information report. 

Proposal 5: A table including the index of the remaining time and the corresponding range of the remaining time is defined in MAC specification. 

On the format of delay information, the following figure 1 shows an example, where fixed number of remaining time indices and their corresponding data volume can be included. For a remaining time index, the corresponding data volume can be the total amount of PDCP data and RLC data corresponding to the remaining time. 
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Figure 1 An example of delay information report format

Another alternative is to include variable number of remaining time indices and their corresponding data volume. Then a bitmap can be added to indicate which remaining time indices are present. 
2.4  How to ensure delay information is up-to-date
The remaining time may decrease with time depending on its final definition. When gNB receives the delay information including remaining time, some time has passed since the remaining time is determined by the UE e.g. due to UL scheduling delay. So, the remaining time when the gNB receives the delay information report could be less than the reported remaining time in the MAC CE. As the timing associated with the remaining time is not known by the gNB, the gNB may not estimate the remaining time accurately. 
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Figure 2
Figure 2 shows an example. The UE may trigger a delay information report/BSR at T1, generate the MAC CE at T2. The initial transmission of the MAC CE at T3 is missed by the gNB and the first retransmission is received by the gNB correctly at T4. As time (T4-T2) has passed, the remaining time at T4 should be the remaining time determined at T2 minus (T4-T2). 

To make the remaining time up to date at the gNB, the remaining time can indicate the rest of time calculated at the initial transmission of the delay information report/BSR MAC CE. Thus, the UE and the gNB have the same understanding on the timing associated with the remaining time. In case that the initial transmission/retransmissions are missed by the gNB, the gNB may derive the timing of the initial transmission based on the HARQ process id and RV in the received retransmissions, and then get the current remaining time roughly. 
Proposal 6: The remaining time indicates the PSDB of a PDU set minus the buffered time of the PDU set in PDCP and RLC calculated at the initial transmission of the delay information report/BSR MAC CE.
3 Conclusion

In this contribution, we have discussed some issues on delay information reporting. We have the following proposals: 
Proposal 1: Remaining time is the PSDB of a PDU set minus the buffered time of the PDU set in PDCP and RLC. 

Proposal 2: The data volume corresponding to the remaining time is the total amount of PDCP data and RLC data corresponding to the remaining time. 

Proposal 3: When the remaining time of a PDU set is lower than a threshold, a delay information report or a BSR (if extension of BSR is agreed for delay information report) is triggered.  
Proposal 4: The index indicating a range of the remaining time can be included in the delay information report. 

Proposal 5: A table for including the index of the remaining time and the corresponding range of the remaining time is defined in MAC specification. 

Proposal 6: The remaining time indicates the PSDB of a PDU set minus the buffered time of the PDU set in PDCP and RLC calculated at the initial transmission of the delay information report/BSR MAC CE.
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