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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 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.
[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 and drx-RetransmissionTimer
The discussion here applies to downlink multi-TB transmission and corresponding timers.
Previously RAN2 has agreed the following for HARQ RTT timer for both NB-IoT and LTE-M:
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.
The agreement above refers to a case where HARQ ack bundling is configured. However, HARQ ack bundling is configurable for LTE-M (for CE Mode A, not supported for CE Mode B and no agreement for NB-IoT), and when bundling is not configured separate HARQ ACKs for each TB 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 320 PDCCH subframes, which may prove to be challenging with multi-TB scheduling when using coverage enhancements. The timer could be possibly running out 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: _Toc21040079]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 for LTE-M:
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.

For NB-IoT, the following was agreed in RAN1#98:
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


Thus, the repetitions of the different transmission blocks can be interleaved for both LTE-M and NB-IoT, which means that with interleaving the first transmission block would be received much later than with contiguously scheduled repetitions for each TB. This would lead to different behaviour 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 behaviour between the two solutions. We think that the best solution, when HARQ ACK bundling is not used, would be to have similar agreement regarding HARQ RTT timer as was done previously related to HARQ ACK bundling for both LTE-M and NB-IoT. 
[bookmark: _Toc21040089]For multi-TB scheduling, when HARQ ack bundling is not configured, HARQ RTT timer is not started until the last TB of the corresponding HARQ process has been received for both LTE-M and NB-IoT.

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 2 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. 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 in active for a longer (configurable) time before returning to DRX in case there will be grants after receiving its previous transmission. 


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 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.
[bookmark: _Toc21040080]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: _Toc21040090]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.
2.1.3 drx-InactivityTimer for NB-IoT
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. 
[bookmark: _Toc21040081]There is no need to modify drx-InactivityTimer operation in NB-IoT.
2.2 	Scheduling gaps configuration for multi-TB multicast
In RAN1#98, 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.

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)

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. 
One issue regarding scheduling gaps in general is the interaction between scheduling gaps and DRX timers, such as drx-InactivityTimer. It is proposed to discuss and clarify in RAN2, how DRX timers are handled in the presence of scheduling gaps: Whether the timers keep running during scheduling gaps, or they are paused for the duration of scheduling gaps.
[bookmark: _Toc21040091]RAN2 to clarify the interaction and behaviour between scheduling gaps and DRX timers.
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].


Based on this, 1 bit configuration value may be sufficient to indicate whether scheduling gaps are enabled or not. Note that the details of these RAN1 parameters are not yet agreed and are subject to change.
The next issue is where this is configured. The two possibilities discussed are configuring scheduling gaps in some SIB or configuring in SC-MCCH. As these scheduling gaps are intended for multicast and are specific for each SC-MTCH, it seems reasonable to configure them in SC-MCCH along with other configuration of SC-MTCHs. Configuring them in SC-MCCH instead of SIBs would allow UEs not interested in multicast transmissions (or some specific SC-MTCH) to avoid acquiring this redundant configuration, and it would be received only by those UEs which are interested in multicast transmissions and that specific SC-MTCH, where the scheduling gaps are configured.
[bookmark: _Toc21040092]Scheduling gaps for LTE-M multicast multi-TB transmissions are configured in SC-MCCH.
In case RAN1 agrees that scheduling gaps should be configurable for NB-IoT, the reasoning above applies also for NB-IoT.
[bookmark: _Toc21040093]If configurable, scheduling gaps for NB-IoT multicast multi-TB transmissions are configured in SC-MCCH.
See related text proposal below in Section 3. Based on the proposals above, it is proposed to adopt the text with the change marks below.
[bookmark: _Toc21040094]RAN2 adopts the text proposal in section 3 to update TS 36.331.
3	Text Proposal
[bookmark: _Toc12746058]From TS 36.331 [7], section 6.3.7a:

–	SC-MTCH-InfoList-BR
The IE SC-MTCH-InfoList-BR provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information.
SC-MTCH-InfoList-BR information element
-- ASN1START

SC-MTCH-InfoList-BR-r14 ::=		SEQUENCE (SIZE (0..maxSC-MTCH-BR-r14)) OF SC-MTCH-Info-BR-r14

SC-MTCH-Info-BR-r14 ::=			SEQUENCE	{
	sc-mtch-CarrierFreq-r14					ARFCN-ValueEUTRA-r9,
	mbmsSessionInfo-r14						MBMSSessionInfo-r13,
	g-RNTI-r14								BIT STRING(SIZE(16)),
	sc-mtch-schedulingInfo-r14			SC-MTCH-SchedulingInfo-BR-r14				OPTIONAL,	-- Need OP
	sc-mtch-neighbourCell-r14				BIT STRING (SIZE(maxNeighCell-SCPTM-r13))	OPTIONAL,	-- Need OP
	mpdcch-Narrowband-SC-MTCH-r14				INTEGER (1.. maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-SC-MTCH-r14			ENUMERATED {r1, r2, r4, r8, r16,
															r32, r64, r128, r256},
	mpdcch-StartSF-SC-MTCH-r14		CHOICE {
			fdd-r14								ENUMERATED {v1, v1dot5, v2, v2dot5, v4,
																v5, v8, v10},
			tdd-r14								ENUMERATED {v1, v2, v4, v5, v8, v10,
																v20}
	},
	mpdcch-PDSCH-HoppingConfig-SC-MTCH-r14		ENUMERATED {on, off},
	mpdcch-PDSCH-CEmodeConfig-SC-MTCH-r14		ENUMERATED {ce-ModeA, ce-ModeB},
	mpdcch-PDSCH-MaxBandwidth-SC-MTCH-r14		ENUMERATED {bw1dot4, bw5},
	mpdcch-Offset-SC-MTCH-r14					ENUMERATED {zero, oneEighth, oneQuarter,
															threeEighth, oneHalf, fiveEighth,
															threeQuarter, sevenEighth},

	p-a-r14										ENUMERATED { dB-6, dB-4dot77, dB-3,
															dB-1dot77, dB0, dB1, dB2,
															dB3}				OPTIONAL,--	Need OR
	...,
	[[	sc-mtch-schedulingInfo-r16		SC-MTCH-SchedulingInfo-BR-r16			OPTIONAL -- Need OR
	]]
}

SC-MTCH-SchedulingInfo-BR-r14::=	SEQUENCE	{
	onDurationTimerSCPTM-r14				ENUMERATED {
												psf300, psf400, psf500, psf600,
												psf800, psf1000, psf1200, psf1600},
	drx-InactivityTimerSCPTM-r14			ENUMERATED {
												psf0, psf1, psf2, psf4, psf8, psf16,
												psf32, psf64, psf128, psf256, ps512,
												psf1024, psf2048, psf4096, psf8192, psf16384},
	schedulingPeriodStartOffsetSCPTM-r14	CHOICE {
		sf10									INTEGER(0..9),
		sf20									INTEGER(0..19),
		sf32									INTEGER(0..31),
		sf40									INTEGER(0..39),
		sf64									INTEGER(0..63),
		sf80									INTEGER(0..79),
		sf128									INTEGER(0..127),
		sf160									INTEGER(0..159),
		sf256									INTEGER(0..255),
		sf320									INTEGER(0..319),
		sf512									INTEGER(0..511),
		sf640									INTEGER(0..639),
		sf1024									INTEGER(0..1023),
		sf2048									INTEGER(0..2047),
		sf4096									INTEGER(0..4095),
		sf8192									INTEGER(0..8191)
	},

SC-MTCH-SchedulingInfo-BR-r16::=	SEQUENCE	{
		multiTbScheduling-r16				ENUMERATED {on, off},
		multiTbSchedulingGaps-r16			ENUMERATED {on, off}
	},

	...
}

-- ASN1STOP

	SC-MTCH-InfoList-BR field descriptions

	drx-InactivityTimerSCPTM
Timer for SC-MTCH in TS 36.321 [6]. Value in number of MPDCCH sub-frames. Value psf0 corresponds to 0 MPDCCH sub-frame and behaviour as specified in 7.3.2 applies, psf1 corresponds to 1 MPDCCH sub-frame, psf2 corresponds to 2 MPDCCH sub-frames and so on.

	g-RNTI
G-RNTI used to scramble the scheduling and transmission of a SC-MTCH

	mbmsSessionInfo
Indicates the ongoing MBMS session in a SC-MTCH.

	mpdcch-Narrowband-SC-MTCH
Narrowband for MPDCCH for SC-MTCH, see TS 36.213 [23].

	mpdcch-NumRepetitions-SC-MTCH
The maximum number of MPDCCH repetitions the UE needs to monitor for SC-MTCH, see TS 36.213 [23].

	mpdcch-Offset-SC-MTCH
Fractional period offset of starting subframes for MPDCCH search space for SC-MTCH, see TS 36.213 [23].

	mpdcch-PDSCH-CEmodeConfig-SC-MTCH
Coverage enhancement mode configuration for MPDCCH/PDSCH for SC-MTCH, see TS 36.213 [23].

	mpdcch-PDSCH-HoppingConfig-SC-MTCH
Frequency hopping configuration for MPDCCH/PDSCH for SC-MTCH, see TS 36.213 [23].

	mpdcch-PDSCH-MaxBandwidth-SC-MTCH
Maximum PDSCH channel bandwidth for SC-MTCH, see TS 36.213 [23]. Value bw1dot4 corresponds to 1.4 MHz channel bandwidth and value bw5 corresponds to 5 MHz channel bandwidth. Corresponding maximum TBS are specified in TS 36.213 [23], clause 7.1.7.2.

	mpdcch-StartSF-SC-MTCH
Starting subframes configuration of the MPDCCH search space for SC-MTCH, see TS 36.213 [23].

	multiTbScheduling 
If enabled, a single DCI can schedule multiple SC-MTCH transport blocks for BL UEs and UEs in CE.

	multiTbSchedulingGaps 
If configured, when a single DCI schedules multiple SC-MTCH transport, scheduling gaps are inserted for BL UEs and UEs in CE.

	onDurationTimerSCPTM
Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of MPDCCH sub-frames. Value psf300 corresponds to 300 MPDCCH sub-frames, psf400 corresponds to 400 MPDCCH sub-frames and so on.

	schedulingPeriodStartOffsetSCPTM
SCPTM-SchedulingCycle and SCPTM-SchedulingOffset in TS 36.321 [6]. The value of SCPTM-SchedulingCycle is in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. The value of SCPTM-SchedulingOffset is in number of sub-frames.

	sc-mtch-CarrierFreq
Downlink carrier used for multicast SC-MTCH transmissions.

	sc-mtch-neighbourCell
Indicates neighbour cells which also provide this service on SC-MTCH. The first bit is set to 1 if the service is provided on SC-MTCH in the first cell in scptmNeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on SC-MTCH in the second cell in scptmNeighbourCellList, and so on. If this field is absent, the UE shall assume that this service is not available on SC-MTCH in any neighbour cell.

	sc-mtch-schedulingInfo
DRX information for the SC-MTCH. If this field is absent, DRX is not used for SC-MTCH reception.

	p-a

Parameter:  for the SC-MTCH per G-RNTI, see TS 36.213 [23], clause 5.2. Value dB-6 corresponds to -6 dB, dB-4dot77 corresponds to -4.77 dB etc.



4	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	Extended value of drx-InactivityTimer to cover multi-TB case causes unnecessary inactivity and increased power consumption in case a single TB is scheduled.
Observation 3	There is no need to modify drx-InactivityTimer operation in NB-IoT.

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 of the corresponding HARQ process has been received for both LTE-M and NB-IoT.
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 to clarify the interaction and behaviour between scheduling gaps and DRX timers.
Proposal 4	Scheduling gaps for LTE-M multicast multi-TB transmissions are configured in SC-MCCH.
Proposal 5	If configurable, scheduling gaps for NB-IoT multicast multi-TB transmissions are configured in SC-MCCH.
Proposal 6	RAN2 adopts the text proposal in section 3 to update TS 36.331.
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6	Annex
Related RAN1 agreements for LTE-M:
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:
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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