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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on scheduling enhancement: 
Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with single DCI for SC-PTM and unicast [RAN1, RAN2]

This objective has been discussed in the subsequent RAN2 meetings, and the agreements can be seen from [3].
This documents continues the discussion of drx-InactivityTimer for LTE-M. This document is a revision of R2-2000977 with the already discussed and agreed parts removed. 
[bookmark: _Ref178064866]2	Discussion
2.1	Multi-TB scheduling impact on MAC timers
2.1.2	drx-InactivityTimer for LTE-M
This issue was discussed previously in RAN2#108. The following was noted in the meeting notes:
Proposal 2	For multi-TB scheduling in LTE-M, the drx-InactivityTimer value is dynamically adjusted based on the number of TBs being scheduled by the DCI.
· Huawei wonders whether this is needed if the timer is started in the last TB. Ericsson thinks this would be an alternative.
· Intel thinks this is not needed assuming that existing mechanism works. Ericsson wonders thow the timer length would be configured in that case since the network would need to accommodate both cases. Intel thinks this is not the case, but a change may be needed only for the UL case.
· QC wonders why there is a need to link the timer length to the number of HARQ processes.

However, no common understanding was reached and thus, the issue is still pending. To summarize the problem:
· The purpose of drx-InactivityTimer is for the UE to stay active and listen to PDCCH during the PDCCH search space following the completion of the previously scheduled traffic.
· At expiry of drx-InactivityTimer, the UE may return to DRX in case no other timer constituting to Active time is running.
· In case of multi-TB scheduling, the scheduling delay between PDCCH and additional PDSCH TBs can be much larger compared to the single TB legacy scheduling scenario. 
· In case drx-InactivityTimer is configured according to legacy single TB scheduling, the timer may expire before completion of a multi-TB transmission. 
· This causes the UE to return to DRX before listening to MPDCCH search space in case of new grants. 
· If no changes are made, the UE might switch to DRX unexpectedly due to drx-InactivityTimer expiring too early because of legacy configuration, and the network needs to wait until the next DRX cycle to continue data scheduling. Thus, long delays may be experienced with multi-TB scheduling due to the UE switching to DRX ahead of its time. 
[bookmark: _Toc37401996]Long delays may be experienced with multi-TB scheduling as UE may switch to DRX unexpectedly with legacy drx-InactivityTimer.
Therefore, the starting condition or the value of the drx-InactivityTimer needs to be modified to compensate for this extra scheduling delay due to multi-TB scheduling. See Figure 1 for an example.


Figure 1. Example of LTE-M drx-InactivityTimer for single- and multi-TB scheduling. In the topmost alternative one TB is scheduled. Inactivity timer covers one PDCCH search space. The middle alternative shows configuration without ACK bundling with back-to-back ACKs. The bottom alternative shows bundled-ACK configuration. In the last two cases inactivity timer expires and there is no opportunity to schedule further data, UE may go to DRX.
To avoid drx-InactivityTimer expiring too early in multi-TB scheduling, a long drx-InactivityTimer value could be configured. This would ensure that the UE is in Active Time long enough. However, configuring a static, long value for drx-InactivityTimer would waste UE power when only one TB is scheduled in a DCI, so an alternative solution is preferred. 
[bookmark: _Toc37401997]Extended static value of drx-InactivityTimer to cover multi-TB case causes unnecessary inactivity and increased power consumption in case a single TB is scheduled.
Two possible solutions are:
1. Extend the drx-InactivityTimer value dynamically when multiple TBs are scheduled in one DCI. The extension of the timer can be proportional to the number of TBs scheduled.
· This provides means to align the drx-InactivityTimer value with the number of scheduled TBs, thus the UE would be inactive for the right amount of time in order to preserve UE battery. This retains the legacy behaviour for starting the timer.
2. Start the drx-InactivityTimer when all PDSCH transmissions have been received or all PUSCH transmissions have been sent.
· If the drx-InactivityTimer is not dynamically adjusted, setting a static value for the timer is challenging, as the number of scheduled TBs can vary from one DCI to another. In this case, either the UE may spend more time being in Active time but without receiving/transmitting anything unnecessarily when fewer TBs are scheduled, or the value of drx-InactivityTimer needs to be reconfigured more often, which wastes network resources and UE power. This solution would also have a larger impact on specifications, as the behaviour from legacy LTE needs to be altered regarding when the timer is started.
Based on above discussion, we prefer the first presented solution with dynamically adjusted value for drx-InactivityTimer.
[bookmark: _Toc37401998]For multi-TB scheduling in LTE-M, the drx-InactivityTimer value is dynamically adjusted based on the number of TBs being scheduled by the DCI.
If this cannot be agreed, we are also fine with specifying the second solution as we think the issue should be addressed in one way or another.
4	Conclusion
We have made the following observations in Section 2:
Observation 1	Long delays may be experienced with multi-TB scheduling as UE may switch to DRX unexpectedly with legacy drx-InactivityTimer.
Observation 2	Extended static value of drx-InactivityTimer to cover multi-TB case causes unnecessary inactivity and increased power consumption in case a single TB is scheduled.

We make following proposals based on the discussion:
Proposal 1	For multi-TB scheduling in LTE-M, the drx-InactivityTimer value is dynamically adjusted based on the number of TBs being scheduled by the DCI.
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