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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:
Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
This objective has been discussed in the subsequent RAN2 meetings, and the following agreements have been reached ([3]).
	RAN2#103bis agreements:
Working assumption: For MTCH in SC-PTM, configuration for multiple scheduling is transmitted in MCCH. Backwards compatibility is FFS.

SPS is not supported for NB-IoT in Release 16. Enhancements for “SR with SPS for BSR” can be considered.

RAN2#104 agreements:
RAN2 intends to support separate/shared SC-MTCH transmission.

Multiple TB scheduling is supported for UEs in connected mode. It is FFS if it is supported for EDT.
UEs in connected mode are configured with multiple TB scheduling via dedicated RRC signalling assuming that a new DCI format is introduced. This is pending RAN1 agreement.
UEs report capability to indicate support of multiple TB scheduling in connected mode.

RAN2#105 to RAN2#105bis agreements: None.

RAN2#106 agreements:
[bookmark: _Hlk8949815]Multi-TB scheduling for Msg4 during EDT (and MT-EDT) is not considered in Rel-16.

[bookmark: _Hlk8949846][bookmark: _Hlk16764038]For multi-TB scheduling, when HARQ ack bundling is configured, HARQ RTT timer is not started until the last TB has been received.
FFS: For multi-TB scheduling for both LTE-M and NB-IoT, how to handle drx-InactivityTimer when HARQ Ack bundling is configured.
UE capability for multiple TB is indicated separately for CE Mode A and CE mode B.
UE capability for multiple TB is indicated separately for uplink and downlink.
Wait for RAN1 before further discussion on multiple TB support for SC-PTM.



Meanwhile, the WI concept development has been progressing in RAN1. The latest agreements from RAN1 are captured in ([4] and [5]).
The discussion on scheduling of multiple DL/UL transport blocks is open in RAN1, and the solutions agreed in RAN1 may have RAN2 impact. There are some open issues in RAN2 as well which need to be discussed. These issues are related to HARQ RTT timer and drx-RetransmissionTimer without HARQ ack bundling, as well as the FFS regarding drx-InactivityTimer highlighted in above RAN2 agreements. These issues are discussed in this paper.
[bookmark: _Ref178064866]2	Discussion
2.2	Multi-TB scheduling impact on MAC timers
When running multi-TB scheduling, the timing relations between PDCCH, PDSCH, PUSCH and PUCCH can be different compared to the legacy scheduling scenario. To ensure that scheduling of multiple TBs works properly, the impact on the relevant MAC procedures (such as DL data transfer, UL data transfer and DRX procedures) need to be investigated. The impact on the MAC procedures is very much dependent on the actual feature design from RAN1 which is still pending. 
The following sections contain discussion of the MAC timers but further input from RAN1 is needed to determine to exact change (range) required.
2.2.1	HARQ RTT timer and drx-RetransmissionTimer
The discussion here applies to downlink multi-TB transmission and corresponding timers.
Previously, regarding HARQ RTT timer, RAN2 has agreed the following:
For multi-TB scheduling, when HARQ ack bundling is configured, HARQ RTT timer is not started until the last TB has been received.

When HARQ RTT timer is started, there is time for the UE to transmit HARQ ACK to the network. After expiry of the HARQ RTT timer, drx-RetransmissionTimer is started, during which the UE monitors for MPDCCH in case of grants for retransmissions.
[bookmark: _GoBack]The agreement above refers to a case where HARQ ack bundling is configured. However, HARQ ack bundling is configurable for LTE-M, and when bundling is not configured separate HARQ ACKs are transmitted. In this case, the HARQ ACKs are transmitted only after the last of the scheduled multi-TBs have been received. However, if the individual HARQ RTT timers are started already when the corresponding TB has been received, the timer could be running during a subsequent multi-TBs reception, even though during the reception of subsequent multi-TBs it is not expected to receive any downlink assignments for retransmissions. The maximum configurable time for drx-RetransmissionTimer is 33 PDCCH subframes, which may prove to be challenging with multi-TB scheduling and possible coverage enhancements, possibly running out even before the multi-TB transmission has finished. For example, if MPDCCH search space overlaps the time during which PDSCH transmission is scheduled, in worst case the drx-RetransmissionTimer could expire already before the UE has even had the opportunity to transmit a HARQ ACK, see Figure 1.


Figure 1. Example of single TB and multi TB scheduling with HARQ RTT and drx-RetransmissionTimers (for LTE-M).
Another example, if multi-TBs are configured with 8 TBs, according to the current specification, the HARQ RTT timer for the first TB would start when reception of the first TB is completed, however the 7 sub-sequent multi-TBs would need to be received before sending the ACK for the first TB. Thus, the HARQ RTT timer and following that, drx-RetransmissionTimer would be running during the reception of the 7 subsequent multi-TBs, when retransmissions or grants would not be expected.
[bookmark: _Toc16784243]Current maximum configurable value of drx-RetransmissionTimer may not be sufficient for multi-TB scheduling without HARQ ACK bundling.
Additionally, the following has been agreed in RAN1#96:
Recommendation for future meetings:
The use of scheduling gaps for unicast/multicast is further studied.

Agreement
Support option 3 from below
For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:
· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes
· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
· Option 3: Option 1 and 2 are supported and eNB configures among them
Above applies for unicast only.

I.e. The repetitions of the different transmission blocks can be interleaved, which means that the first transmission block would be received much later than with contiguously scheduled repetitions for each TB. This would lead quite different behavior between the two solutions regarding HARQ RTT timer. To avoid complexity and discussion about interleaving of repetitions in RAN2 specifications, it is not preferred to have different behavior between the two solutions. We think that the best solution without HARQ ACK bundling would be to have similar agreement regarding HARQ RTT timer as was done previously related to HARQ ACK bundling. 
[bookmark: _Toc16784291]For multi-TB scheduling, when HARQ ack bundling is not configured, HARQ RTT timer is not started until the last TB has been received.

2.2.2	drx-InactivityTimer
For LTE-M, the drx-InactivityTimer specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity. At expiry of this timer, the UE may return to DRX in case no other timer constituting to Active time is running.
The purpose of drx-InactivityTimer is for the UE to be still active and listening to PDCCH during the PDCCH search space following the completion of the previously scheduled traffic. In case of multi-TB scheduling, the scheduling delay between PDCCH and additional PDSCH TBs can be much larger compared to the single TB scheduling scenario. Thus, in case drx-InactivityTimer is configured with single TB scheduling in mind, the timer may expire even before completing the previous multi-TB transmission, which causes the UE to return to DRX before listening to MPDCCH search space in case of new grants. Therefore, the starting condition or the value of the drx-InactivityTimer might need to be modified to compensate for this extra scheduling delay due to multi-TB scheduling. 
Otherwise the UE might switch to DRX unexpectedly due to drx-InactivityTimer expiry, and the network needs to wait until the next DRX cycle to continue data scheduling. It can be argued that even though drx-InactivityTimer expires, there would be other timers still running, which constitute to Active time, thus preventing the UE switching to DRX. However, the purpose of other timers such as drx-retransmissionTimer is to keep the UE listening for MPDCCH for a short time after receiving a transmission in case of retransmissions. The drx-InactivityTimer keeps the UE inactive for a longer (configurable) time before returning to DRX in case there will be grants after receiving its previous transmission.
As illustrated in the LTE-M example in Figure 2, the drx-InactivityTimer expires too early in the multi-TB scheduling scenario. The consequence is that the UE will switch to DRX, not being able to receive subsequent DL or UL data grants in time.


Figure 2. 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 the situation that the drx-InactivityTimer expires too early in multi-TB scheduling, the eNB could configure a long drx-InactivityTimer value. This would ensure that the UE is in Active Time long enough. However, this would waste UE power when only one TB is scheduled in a DCI, so an alternative solution is preferred. 
Two possible solutions are:
Extend the drx-InactivityTimer value when multiple TBs are scheduled in one DCI. The extension of the timer can be proportional to the number of TBs scheduled.
Start the drx-InactivityTimer when all PDSCH transmissions have been received or all PUSCH transmissions have been sent.
Solution 1 is preferred since it will nicely fit into the current drx-InactivityTimer mechanism. That is, when a single TB is scheduled by a DCI, no change is needed for the timer; when multiple TBs are scheduled by a DCI, the timer is extended with a period of time (proportional to the number of scheduled TBs).
Extended value of drx-InactivityTimer to cover multi-TB case causes unnecessary inactivity and increased power consumption in case a single TB is scheduled.
[bookmark: _Toc16784292]For multi-TB scheduling in LTE-M, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.
For NB-IoT UEs, the drx-InactivityTimer specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires [7]. For multi-TB scheduling with separate HARQ ACK transmission, the drx-InactivityTimer will be restarted every time a HARQ RTT timer expires, the drx-InactivityTimer works in the same way as the legacy single TB scheduling. Hence, there is no need to modify drx-InactivityTimer for NB-IoT due to multi-TB scheduling. 
In TS 36.321 section 5.7, it is implied that NB-IoT UE with only a single HARQ process will not start or restart drx-InactivityTimer when PDCCH indicates a new transmission:
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for an NB-IoT UE configured with a single DL and UL HARQ process, start or restart drx-InactivityTimer.
Thus, if two HARQ processes are configured for NB-IoT, the operation should be similar to LTE-M, as the drx-InactivityTimer is in this case also started after new UL or DL assignment is indicated. Therefore, similarly to proposal 1 above, drx-InactivityTimer needs to be extended for NB-IoT UE with two HARQ processes.
[bookmark: _Toc16784293]For multi-TB scheduling in NB-IoT with two HARQ processes, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.

3	Conclusion
We have made the following observations in Section 2:
Observation 1	Current maximum configurable value of drx-RetransmissionTimer may not be sufficient for multi-TB scheduling without HARQ ACK bundling.
Observation 2	The purpose of drx-InactivityTimer is to keep the UE inactive for a period of time after completing its previous transmission, thus the timer value should be in relation to the length of the previous transmission.

We make following proposals based on the discussion:
Proposal 1	For multi-TB scheduling, when HARQ ack bundling is not configured, HARQ RTT timer is not started until the last TB has been received.
Proposal 2	For multi-TB scheduling in LTE-M, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.
Proposal 3	For multi-TB scheduling in NB-IoT with two HARQ processes, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.
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