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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.

In RAN1#111 meeting, the following agreements on capacity enhancements are made:

	Agreement: Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.

Agreement: Support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.


And in RAN2#120 meeting, for scheduling enhancements, RAN2 agrees that: 
· RAN2 sees some benefit from CG to XR services. RAN2 will address enhancements triggered by RAN1 work.

In this contribution, we would like to discuss how to ensure the delay information is up-to-date and HARQ process id determination in case of multi-CGO. 
2 Discussion 
2.1 Delay information
In the last RAN2 meeting, there is an FFS on how to ensure the delay information is up-to-date e.g. considering UL scheduling delay. 
· 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. 

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 1

Figure 1 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, there could be the following options: 
· Option 1: a timestamp associated with the remaining time is included in the delay information report/BSR. 

In this option, upon receiving the remaining time and the associated timestamp, the gNB can derive the current remaining time according to the difference between the current timing and the timestamp. 
· Option 2: the remaining time indicates a deadline before which the UL-SCH resource should be allocated to the UE. 

In this option, the deadline could be an absolute timing. Upon receiving the remaining time/deadline in the report, the gNB can schedule a UL-SCH resource before the remaining time/deadline. 
· Option 3: the remaining time indicates the rest of time calculated at the initial transmission of the delay information report/BSR MAC CE. 

In this option, the UE and the gNB have the same understanding on the start timing associated with the remaining time, and the start timing is the timing of the initial transmission of the delay information report/BSR MAC CE. 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. 
Observation 1: The following options could be used to ensure the delay information is up to date. 
· Option 1: a timestamp associated with the remaining time is included in the delay information report/BSR. 

· Option 2: the remaining time indicates a deadline before which the UL-SCH resource should be allocated to the UE. 

· Option 3: the remaining time indicates the rest of time calculated at the initial transmission of the delay information report/BSR MAC CE. 

In Option 1, the remaining time could be derived by the gNB accurately taking the uplink scheduling delay into account, while the additional timestamp may cause some signalling overhead in delay information reporting. 

In Option 3, the remaining time estimated by the gNB might not be so accurate if the initial transmission of the delay information report/BSR is transmitted in a configured grant of a bundle of configured grants, in which case the gNB could not know the exact timing of initial transmission. 
Option 2 with the remaining time being a deadline could provide the gNB with the latest timing of the UL-SCH resources, which could be easier for the gNB handling. Besides, the remaining time is up-to-date, and the signalling overhead is acceptable. 
Therefore, we prefer Option 2, and we have the following proposal. 

Proposal 1: The remaining time indicates a deadline before which the UL-SCH resource should be allocated to the UE.
2.2 HARQ process id determination in multi-CGO
According to the current MAC specification [2], the HARQ Process ID for a CG is determined as following: 
	For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:


HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes

For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2

where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8]. 


In RAN1#111 meeting, it is agreed to support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration for PDUs in a PDU Set or a data burst. If the current equation for determining the HARQ process ID is used, the CG PUSCH transmission occasions in a CG period will have the same HARQ process ID. If different PDUs in a PDU set are to be transmitted on different CG PUSCH transmission occasions, the following occasions cannot use the same HARQ process ID if the CG timer associated with the HARQ process does not expire, or otherwise the previous PDU would be covered by the following PDU making the retransmission of the previous PDU impossible. 
To resolve this issue, it is desired that different CG PUSCH transmission occasions in a CG period could use different HARQ process. 
Proposal 2: Different CG PUSCH transmission occasions in a CG period use different HARQ processes.

For the enhancements of the HARQ process ID calculation for a CG PUSCH transmission occasion, a new offset (e.g. offset i) could be introduced for the ith CG PUSCH transmission occasion in a CG period.

For example, for a CG neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ process ID for a CG PUSCH transmission occasion could be: 
HARQ Process ID = [floor (CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + offset i
For a CG with harq-ProcID-Offset2, the HARQ process ID for a CG PUSCH transmission occasion could be: 

HARQ Process ID = [floor (CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2+ offset i
The offset i could be configured by the network for each CG PUSCH transmission occasion in a CG period, similar to the configuration of harq-ProcID-Offset2 in multiple CG configurations. 

Proposal 3: An offset i is used for the HARQ process ID determination for ith CG PUSCH transmission occasion in a CG period and the offset i can be configured by the network. 
3 Conclusion

In this contribution, we have discussed how to ensure the delay information is up-to-date and HARQ process id determination in case of multiple CG PUSCH transmission occasions in a CG period. We have the following proposals: 
Observation 1: The following options could be used to ensure the delay information is up to date. 
· Option 1: a timestamp associated with the remaining time is included in the delay information report/BSR. 

· Option 2: the remaining time indicates a deadline before which the UL-SCH resource should be allocated to the UE. 

· Option 3: the remaining time indicates the rest of time calculated at the initial transmission of the delay information report/BSR MAC CE. 

Proposal 1: The remaining time indicates a deadline before which the UL-SCH resource should be allocated to the UE.
Proposal 2: Different CG PUSCH transmission occasions in a CG period use different HARQ processes.

Proposal 3: An offset i is used for the HARQ process ID determination for ith CG PUSCH transmission occasion in a CG period and the offset i can be configured by the network. 
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