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Introduction
[bookmark: OLE_LINK84]Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83 ,RAN#84 and RAN#85 [1]. One of the objectives in the WID is scheduling enhancement by scheduling multiple transport blocks (TBs) via one single DCI:
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.
In the last RAN2#107bis meetings, multiple TBs scheduling was discussed and the following agreements were made for both NB-IoT and eMTC [2]:
	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.




This document further discusses the remaining issues of multiple TBs scheduling for NB-IoT.
Discussion
[bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK325][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK24][bookmark: OLE_LINK27]Unicast
In the last RAN2 meeting, multiple TBs scheduling in unicast for NB-IoT was discussed and the following working assumption and FFS for non-interleaved transmission were made:
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

The reason for working assumptions rather than agreements is that it is needed to confirm whether the eNB can handle PUSCH transmission (ACK/NACK feedback for DL transmission or data for UL transmission) for the two scheduled TBs independently, i.e. upon reception of PUSCH for the first TB, whether the eNB starts to handle it immediately before reception of PUSCH for the second TB. The values in the working assumptions (k+2*N+1 for DL and 1 for UL) consider the earliest opportunity for retransmission scheduling of the first TB. If the eNB cannot handle PUSCH transmission for the 2 TBs separately, the earliest opportunity for retransmission scheduling of the second TB should be considered.
Based on RAN1 agreements [3], it seems that RAN1 assumes that the same principle as in TS 36.213 for two HARQ processes timing relationship can be reused as there is no agreement on a new timing relationship. Besides, as PUSCH transmissions are coded/decoded independently, it seems straightforward that the eNB is able to handle the PUSCH transmissions independently, i.e. regardless of them being scheduled by different or same DCI. Thus we propose to confirm the two working assumptions on the length of HARQ RTT timers.
Proposal 1: [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK102][bookmark: OLE_LINK103]The working assumptions on the timer length of HARQ RTT timer and UL HARQ RTT timer for non-interleaved transmission are confirmed.
RAN1 has agreed that for interleaved transmission, HARQ bundling is supported with configuration:
For interleaved transmission, HARQ bundling is supported with configuration

Thus, for interleaved transmission, the 2*N in the length of HARQ RTT timer needs to be revised to N.
Proposal 2: For NB-IoT, for interleaved transmission:
a) Timer length of HARQ RTT timer is set to k+N+1+delta.
b) Timer length of UL HARQ RTT timer is set to 1+delta.

Regarding the FFS on delta, we think the concept of deltaPDCCH can be reused. The intention is that the UE monitors PDCCH from the first PDCCH occasion after k+N+1 ms and 1 ms for DL transmission and UL transmission respectively.
Proposal 3: [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reuse deltaPDCCH concept in legacy timer length for HARQ RTT timers.
Based on proposals 1-3, the following TP can be used as a baseline to capture timer length of HARQ RTT timer and UL HARQ RTT timer for multiple TB scheduling in NB-IoT. 
Note that for the 2nd and 4th paragraphs corresponding to multiple TB scheduling, instead of showing a full new text as will be in the CR, the TP shows the differences with the legacy case to help companies to see the impact.
	For NB-IoT when only one TB is scheduled by a PDCCH, the HARQ RTT Timer is set to k+3+N+deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3 subframes to the first subframe of the next PDCCH occasion.
[bookmark: OLE_LINK3]For NB-IoT when multiple TBs are scheduled by a PDCCH, the HARQ RTT Timer is set to k+31+N+deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission for both TBs and N is the transmission duration in subframes of the associated HARQ feedback for both TBs, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission for both TBs plus 3 1 subframes to the first subframe of the next PDCCH occasion.
…
For NB-IoT when only one TB is scheduled by a PDCCH, the UL HARQ RTT timer length is set to 4+deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 3 subframes to the first subframe of the next PDCCH occasion.
For NB-IoT when multiple TBs are scheduled by a PDCCH, the UL HARQ RTT timer length is set to 41+deltaPDCCH subframes, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission for both TBs plus 3 1 subframes to the first subframe of the next PDCCH occasion.



Proposal 4: [bookmark: OLE_LINK147][bookmark: OLE_LINK148]Adopt above TP for timer length of HARQ RTT timer and UL HARQ RTT timer in multiple TBs scheduling for NB-IoT.
SC-PTM
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]A working assumption on modifying existing DCI format to indicate the number of TBs to be scheduled in SC-PTM was made by RAN1 [3]:
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

[bookmark: _GoBack]Considering that the new DCI cannot be decoded by legacy UE when receiving SC-MTCH, to avoid backward compatibility issue, a new list needs to be introduced to signal the SC-MTCH information for SC-MTCH scheduled by the new DCI.
An ASN.1 example has been provided below:
[bookmark: OLE_LINK150][bookmark: OLE_LINK151]SCPTMConfiguration-NB message
-- ASN1START

[bookmark: OLE_LINK69][bookmark: OLE_LINK78]SCPTMConfiguration-NB-r14 ::=	SEQUENCE {
[bookmark: OLE_LINK79]	sc-mtch-InfoList-r14			SC-MTCH-InfoList-NB-r14,
	scptm-NeighbourCellList-r14		SCPTM-NeighbourCellList-NB-r14		OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-NB-v16xySEQUENCE {}							OPTIONAL
}

[bookmark: OLE_LINK139][bookmark: OLE_LINK142]SCPTMConfiguration-NB-v16xy ::=	SEQUENCE {
	sc-mtch-InfoListMultiTB-v16xy	SC-MTCH-InfoList-NB-r14				OPTIONAL,	-- Need OR
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}


-- ASN1STOP

Proposal 5: Introduce a new list sc-mtch-InfoListMultiTB-v16xy in SCPTMConfiguration-NB message to signal scheduling information for the SC-MTCH using multiple TBs transmission.

Conclusion
This paper focused on multiple TBs scheduling for both unicast and SC-PTM in NB-IoT. Corresponding proposals are listed as below:
Proposal 1: The working assumptions on the timer length of HARQ RTT timer and UL HARQ RTT timer for non-interleaved transmission are confirmed.
Proposal 2: For NB-IoT, for interleaved transmission:
a) Timer length of HARQ RTT timer is set to k+N+1+delta.
b) Timer length of UL HARQ RTT timer is set to 1+delta.
Proposal 3: Reuse deltaPDCCH concept in legacy timer length for HARQ RTT timers.
Proposal 4: Adopt above TP for timer length of HARQ RTT timer and UL HARQ RTT timer in multiple TBs scheduling for NB-IoT.
Proposal 5: Introduce a new list sc-mtch-InfoListMultiTB-v16xy in SCPTMConfiguration-NB message to signal scheduling information for the SC-MTCH using multiple TBs transmission.
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