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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.

RAN2#107 agreements: None.

RAN2#107bis agreements:
For NB-IoT, when multiple TBs are scheduled, drx-InactivityTimer is only (re-)started when both (UL) HARQ RTT Timers expire.
For NB-IoT, drx-InactivityTimer is stopped when NPDCCH indication for transmission of multiple TBs is received.
For NB-IoT, (UL) HARQ RTT timers for both HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.
Working assumption: For NB-IoT, the length of HARQ RTT timer is set to k+2*N+1+delta.
		FFS if delta is deltaPDCCH
Working assumption: For NB-IoT, the length of UL HARQ RTT timer is set to 1+delta
		FFS if delta is deltaPDCCH
For eMTC, (UL) HARQ RTT timers for all scheduled HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.



Meanwhile, the discussions on this topic 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. This is a revision of previous contribution R2-1913113. In this revision there is more emphasis on HARQ RTT timer discussion for LTE-M and drx-InactivityTimer discussion for LTE-M.
[bookmark: _Ref178064866]2	Discussion
2.1	Multi-TB scheduling impact on MAC timers
When multi-TB scheduling is configured and used, 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 has come to agreement on some aspects, while some aspects are still pending. Some related RAN1 agreements for LTE-M and NB-IoT can be seen in Section 6.
The following sections contain discussion of the MAC timers but further input from RAN1 is needed to determine to exact change (range) required, especially the details of scheduling gaps may have impact on the required ranges.
2.1.1	HARQ RTT timer
Previously RAN2 has agreed the following for HARQ RTT timer for both NB-IoT and LTE-M:
For NB-IoT, (UL) HARQ RTT timers for both HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.
Working assumption: For NB-IoT, the length of HARQ RTT timer is set to k+2*N+1+delta.
		FFS if delta is deltaPDCCH
Working assumption: For NB-IoT, the length of UL HARQ RTT timer is set to 1+delta.
		FFS if delta is deltaPDCCH
For eMTC, (UL) HARQ RTT timers for all scheduled HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.

Thus, HARQ RTT timers for all scheduled HARQ processes are started at the same time, in the subframe containing the last repetition of the PDSCH reception of the last TB. When HARQ RTT timer is started and running, the UE is not expected to monitor for MPDCCH. And 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. 
Currently HARQ RTT timer value is specified for BL UEs and UEs in CE as follows in 36.321 [6]:
For BL UEs and UEs in enhanced coverage, HARQ RTT Timer corresponds to 7 + N where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted. In case of TDD, HARQ RTT Timer corresponds to 3 + k + N, where k is the interval between the last repetition of downlink transmission and the first repetition of the transmission of associated HARQ feedback, and N is the used PUCCH repetition factor, where only valid UL subframes are counted as indicated in clauses 10.1 and 10.2 of TS 36.213 [2].
From RAN1 agreements:
Agreement [36.212]
For CEmodeA, the maximum number of scheduled transport blocks with one single DCI is 8 in the UL, 8 in the DL

Agreement [36.212]
The following working assumption is confirmed
For CEmodeB, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, 4 in the DL

Thus, the maximum number of scheduled transport blocks with single DCI is 8 for CE Mode A and 4 for CE Mode B. Without HARQ ack bundling, each of these are acked with a separate HARQ ACK. Thus, the HARQ RTT timers should take into account transmission of multiple HARQ ACKs, up to a maximum of 8, during the timer. The first opportunity (in half duplex -case) to schedule retransmission grant is after these HARQ ACKs, therefore the HARQ RTT timer is not needed to be any shorter than that. To support scheduling of multiple TBs with single DCI, we propose to extend HARQ RTT timer to 7 + l*N, where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted, and l is the number of scheduled TBs by one DCI up to maximum of 8.
[bookmark: _Toc24060974]To support scheduling of up to 8 TBs with a single DCI, HARQ RTT timer is 7 + l*N for LTE-M.
[bookmark: _GoBack]Regarding UL HARQ RTT, the following is stated in TS 36.321: 
Except for NB-IoT and for HARQ processes scheduled using Short Processing Time and for short TTI, UL HARQ RTT Timer length is set to 4 subframes for FDD and Frame Structure Type 3, and set to kULHARQRTT subframes for TDD, where kULHARQRTT equals to the kPHICH value indicated in Table 9.1.2-1 of TS 36.213 [2] if the UE is not configured with upper layer parameter symPUSCH-UpPts for the serving cell, otherwise the kPHICH value is indicated in Table 9.1.2-3.
I.e. UL HARQ RTT timer length is set to 4 subframes when single DCI schedules single TB. In this case the legacy value does not need to be extended, as after finishing the UL transmission, the 4 subframes is enough for the UE to switch listening to HARQ feedback. 
[bookmark: _Toc24061296]Current value of 4 subframes is sufficient for UL HARQ RTT Timer length with multi-TB scheduling with a single DCI.
2.1.2	drx-InactivityTimer for LTE-M
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 stay active and listen 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. See Figure 1 for an example. 
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. Thus, if no changes are made to drx-InactivityTimer at all, long delays may be experienced with multi-TB scheduling due to the UE switching to DRX ahead of its time. This may not be preferable when considering the use cases of multi-TB scheduling, i.e. transmitting a large amount of predefined data, such as firmware upgrade or measurement results, which may be needed to be received as quickly as possible, or, if the UE is not reachable, would be needed to be buffered in NW for longer time, which is not preferred.
[bookmark: _Toc24061297]With legacy mechanisms of drx-InactivityTimer, long delays may be experienced with multi-TB scheduling as UE may switch to DRX unexpectedly when there would be more data to be scheduled.


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 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, 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: _Toc24061298]Extended 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:
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.
Start the drx-InactivityTimer when all PDSCH transmissions have been received or all PUSCH transmissions have been sent.
The first presented solution 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 UE power. It also preserves the legacy behaviour when starting the timer.
In the second presented solution, if the drx-InactivityTimer is not dynamically adjusted, setting a static value for the timer is challenging, as the number of scheduled TBs can be variable from one DCI to another. In such case, either the UE may spend more time being inactive unnecessarily when fewer TBs are scheduled by the DCI, thus wasting UE power, or the value of drx-InactivityTimer needs to be reconfigured for the UE more often, which wastes network resources and UE power. To avoid these problems, the network may always schedule the same amount of TBs with each DCI, however this restricts the use of this feature. 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.

[bookmark: _Toc24060975]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.
2.2 	Scheduling gaps configuration for multi-TB multicast
In RAN1#98 and RAN1#98bis, the following was agreed for LTE-M [4]:
Agreement
For multicast, optional scheduling gaps can be configured by higher layers. It is left to RAN2 whether to do the configuration in SC-MCCH or SIB.

Agreement
The following working assumption is confirmed:
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI].
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs.
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Agreement [36.213]
For multicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity (FFS)
· FFS: Scheduling gap periodicity
· FFS: Other scheduling gap properties

While following has been agreed for NB-IoT [5]:
Agreement
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreement
Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)

Agreement
For multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs.
· FFS: Whether/How to enable or disable this gap
· Note: Gap of 0 is not precluded

Thus, RAN1 has agreed to introduce scheduling gaps in multi-TB transmissions for LTE-M unicast and LTE-M multicast, while for NB-IoT unicast scheduling gaps are not supported and for NB-IoT multicast the details are FFS. 
As can be seen from RAN1 agreements above, it has been given to RAN2 to decide the configuration to enable this feature at least for multicast for LTE-M. Regarding scheduling gaps for multicast in LTE-M, the following parameter has been proposed in RAN1:
	Scheduling gaps for SC-MTCH multi-TB scheduling enabled
	If configured, when a single DCI schedules multiple SC-MTCH transport blocks for SC-PTM multicast in CE mode A/B in RRC_IDLE, scheduling gaps are inserted [details FFS].


As can be seen, the details are FFS in RAN1. The size of the configuration is not yet clear, which has impact on whether the scheduling gaps should apply per cell or per SC-MTCH. RAN1 is going to discuss and progress on this issue in Reno meeting, thus RAN2 should wait until RAN1 has agreed on further details.
[bookmark: _Toc24060976]RAN2 waits until RAN1 progresses further with scheduling gaps configuration for multi-TB multicast.
3	Conclusion
We have made the following observations in Section 2:
Observation 1	Current value of 4 subframes is sufficient for UL HARQ RTT Timer length with multi-TB scheduling with a single DCI.
Observation 2	With legacy mechanisms of drx-InactivityTimer, long delays may be experienced with multi-TB scheduling as UE may switch to DRX unexpectedly when there would be more data to be scheduled.
Observation 3	Extended 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	To support scheduling of up to 8 TBs with a single DCI, HARQ RTT timer is 7 + l*N for LTE-M.
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.
Proposal 3	RAN2 waits until RAN1 progresses further with scheduling gaps configuration for multi-TB multicast.
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5	Annex
List of related RAN1 agreements for LTE-M (not exhaustive):
Agreement
· For unicast, for an MPDCCH ending in subframe N, the timing relationship for PDSCH is such that no PDSCH associated with the MPDCCH is received before subframe N+2.
· For unicast, for an MPDCCH ending in subframe N, the timing relationship for PUSCH is such that no PUSCH associated with the MPDCCH is transmitted before subframe N+4.
· For unicast, for a PDSCH transmission ending in subframe N, the corresponding HARQ-ACK is transmitted no earlier than in subframe N+4.

Conclusion
There is no consensus on the support of HARQ-ACK bundling in CE mode B for unicast multi-TB scheduling

Agreement:
· For unicast, select option(s) from the following options
· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.
· Target for up to 6 bits overhead increase compared to legacy DCI
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 
· The design methodology for the DCI for different maximum number of TBs is further studied 
· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI
· Note: Option 2 will require modification on existing agreement
· The following working assumption is confirmed.
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported
· For unicast, the new data indication is individually provided for each allocated HARQ process.

Agreement
The following working assumption is confirmed:
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI].
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs.
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Related RAN1 agreements for NB-IoT (not exhaustive):
Agreement
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
FFS: Whether scheduling gaps is also supported
FFS: How to schedule repetitions within the consecutive resource allocation

Agreement
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs

Agreement
Maximum UL HARQ process supported is 2.

Agreement
Maximum DL HARQ process supported is 2. 

Agreement 
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis

Agreement
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreement
For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.

Conclusion
Relationship 2 is not supported in Rel-16.

Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Agreement 
Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms

Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling, after receiving NPDCCH with a DL (UL) grant ending in subframe n, and if the corresponding NPDSCH(NPUSCH format 1) transmission starts from n+k, the UE is not required to monitor NPDCCH starting from subframe n+k-2 to subframe n+k-1.
· If two TBs are scheduled by the DCI, the UE is not required to monitor another NPDCCH from subframe n+1 to subframe n+k-1

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature
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