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1. Introduction

At RAN2 #106 meeting [1], the following agreement is made regarding scheduling multiple DL/UL transport blocks (referred to as “multi-TB scheduling” for simplicity):
Agreements

- For multi-TB scheduling, when HARQ ack bundling is configured, HARQ RTT timer is not started until the last TB has been received.

In addition, RAN1 has made the following agreements regarding multi-TB scheduling (for NB-IoT UEs):

	RAN1 #95

Agreement: Maximum UL HARQ process supported is 2.

Agreement: Maximum DL HARQ process supported is 2. 

RAN1 #96
Agreement

One DCI can be used to schedule both initial and retransmission of different HARQ processes.
Agreement 

For unicast, when all the TBs are scheduled by one DCI

· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· MCS, repetition number, resource assignment are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation

· FFS: HARQ-ACK resource
Agreement 

For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB

Agreement

For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1
RAN1 #96bis
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

RAN1 #97
Agreement

In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of 
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 DL subframe for FDD, where n is the ending subframe of last scheduled TB and 
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 is down-selected from the following two choices:
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)

· New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used




In this contribution, we discuss the DRX timer operation considering the multi-TB scheduling for NB-IoT UEs.
2. Discussion 
2.1 DL multi-TB scheduling

For NB-IoT UEs, in case 2 TBs (which is the maximum supported number of TBs) are scheduled by a single DCI in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI. According to the RAN1 #97 agreement, this is not only applied for bundled ACK/NACK case, but also for individual ACK/NACK case. In other words, regardless of whether HARQ ACK bundling is configured or not, at least the HARQ feedback of the first scheduled TB will not be transmitted according to the legacy timing. For HARQ RTT timer, if we follow the legacy behaviour (i.e. start the timer in the subframe containing the last repetition of the corresponding PDSCH reception), the HARQ RTT timer associated with the first scheduled TB may expire before the corresponding HARQ feedback has been transmitted, as illustrated in Figure 1. 
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Figure 1, an example of DL multi-TB scheduling (two TBs).
In this case, since the NW has not yet received the HARQ feedback for the first scheduled TB, if the UE starts the corresponding drx-RetransmissionTimer upon expiry of the HARQ RTT timer, the UE may monitor PDCCH unnecessarily and may result in additional power consumption. 
Observation 1: for NB-IoT DL multi-TB scheduling, when HARQ ACK bundling is not configured, a HARQ RTT timer may expire and UE may start a drx-RetransmissionTimer before the corresponding HARQ feedback is transmitted.
Observation 2: UE may monitor PDCCH unnecessarily due to the early start of drx-RetransmissionTimer.
Even if the NB-IoT UE could transmit the HARQ feedback for the first scheduled TB according to the legacy timing, the NW may not immediately schedule the retransmission of the first scheduled TB because the reception of the last scheduled TB may be still ongoing.
RAN2 has already agreed that when HARQ ACK bundling is configured the HARQ RTT timer is not started until (the last repetition of) the last TB has been received. It seems that this agreement could be extended to also cover the case that HARQ ACK bundling is not configured, at least for NB-IoT.
Proposal 1: For NB-IoT DL multi-TB scheduling, regardless of whether HARQ ACK bundling is configured or not, the HARQ RTT timer is not started until the last repetition of the last TB has been received.
Then, it is to be decided whether a single HARQ RTT timer or multiple HARQ RTT timers need to be started at the last repetition of the last scheduled TB. We think that there is no motivation to start multiple HARQ RTT timers at the same time since lengths of these HARQ RTT timers are the same. Starting a single HARQ RTT timer (e.g. the one corresponding to the HARQ process used to receive the last repetition of the last scheduled TB) would be sufficient.
Proposal 2: For NB-IoT DL multi-TB scheduling, the UE starts a single HARQ RTT timer at the last repetition of the last scheduled TB. 
2.2 UL multi-TB scheduling

In UL, in case there is no HARQ feedback, for UL HARQ RTT timer, if we follow the legacy behaviour (i.e. start the timer in the subframe containing the last repetition of the corresponding PUSCH transmission), the UL HARQ RTT timer associated with the first scheduled TB may expire before the last repetition of the last TB, as illustrated in Figure 2. 

[image: image5.png]DClI scheduling 2 UL TBs

UL RTT timer #1, #2
drx-ULReTx timer #1, #2




Figure 2, an example of UL multi-TB scheduling (two TBs).
In this case, the NW may not immediately schedule the retransmission of the first scheduled TB because the transmission of the last scheduled TB may be still ongoing. If the UE starts the corresponding drx-ULRetransmissionTimer upon expiry of the UL HARQ RTT timer, the UE may monitor PDCCH unnecessarily and may result in additional power consumption.

Observation 3: for NB-IoT UL multi-TB scheduling, a UL HARQ RTT timer may expire and UE may start a drx-ULRetransmissionTimer before the last repetition of the last scheduled TB.
Observation 4: UE may monitor PDCCH unnecessarily due to the early start of drx-ULRetransmissionTimer.
In order to avoid the unnecessarily power consumption and to align the UL behaviour with DL behaviour, the UL HARQ RTT timer should not be started until the last repetition of the last TB has been transmitted.
Proposal 3: For NB-IoT UL multi-TB scheduling, in case of no HARQ feedback, the UL HARQ RTT timer is not started until the last repetition of the last TB has been transmitted. 

Then, it is to be decided whether a single UL HARQ RTT timer or multiple UL HARQ RTT timers will be started at the last repetition of the last scheduled TB. Similarly to the DL multi-TB scheduling case, starting a single UL HARQ RTT timer (e.g. the one corresponding to the HARQ process used to transmit the last repetition of the last scheduled TB) would be sufficient.
Proposal 4: For NB-IoT UL multi-TB scheduling, the UE starts a single UL HARQ RTT timer at the last repetition of the last scheduled TB.

2.3 MTC UEs
The above discussion and proposals are based on the latest RAN1 & RAN2 agreements. It could be FFS whether the proposals apply to MTC or not.
Proposal 5: FFS whether the above proposals apply to MTC.
3. Conclusion

In this contribution, we discuss the DRX timer operation considering multi-TB scheduling for NB-IoT UEs and have the following observations/proposals:
Observation 1: for NB-IoT DL multi-TB scheduling, when HARQ ACK bundling is not configured, a HARQ RTT timer may expire and UE may start a drx-RetransmissionTimer before the corresponding HARQ feedback is transmitted.
Observation 2: UE may monitor PDCCH unnecessarily due to the early start of drx-RetransmissionTimer.
Proposal 1: For NB-IoT DL multi-TB scheduling, regardless of whether HARQ ACK bundling is configured or not, the HARQ RTT timer is not started until the last repetition of the last TB has been received.
Proposal 2: For NB-IoT DL multi-TB scheduling, the UE starts a single HARQ RTT timer at the last repetition of the last scheduled TB. 

Observation 3: for NB-IoT UL multi-TB scheduling, a UL HARQ RTT timer may expire and UE may start a drx-ULRetransmissionTimer before the last repetition of the last scheduled TB.
Observation 4: UE may monitor PDCCH unnecessarily due to the early start of drx-ULRetransmissionTimer.
Proposal 3: For NB-IoT UL multi-TB scheduling, in case of no HARQ feedback, the UL HARQ RTT timer is not started until the last repetition of the last TB has been transmitted. 

Proposal 4: For NB-IoT UL multi-TB scheduling, the UE starts a single UL HARQ RTT timer at the last repetition of the last scheduled TB.

Proposal 5: FFS whether the above proposals apply to MTC.
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