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1. Introduction
To support 2 HARQ processes for NB-IoT, RAN2 discussed DRX aspects in [96#52]. As a result of e-mail discussion, RAN2 reached the following regarding drx-ULRetransmissionTimer handling: 
	3.4
Stop condition for the drx-ULRetransmissionTimer

…
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

-
start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;

-
else:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.
-     if NB-IoT, stop the drx-ULRetransmissionTimer for all UL HARQ processes.

…


From the current specification, we found there is a different handling between UL and DL transmissions regarding retransmission timers: 

· if PDCCH indicates a UL transmission the drx-ULRetransmissionTimer is stopped for the corresponding HARQ process
· if PDCCH indicates a DL  transmission the drx-ULRetransmissionTimer is stopped for all HARQ processes

In this contributation, we discuss further stop condition for the drx-RetransmissionTimer.
2. Discussion
2.1 Rel-13 NB-IoT DRX
Rel-13 NB-IoT UE has one HARQ process per UL and DL. In order to reduce power consumption, DRX is optimized for one HARQ process. For example, if the NB-IoT UE receives a PDCCH for DL transmission, the NB-IoT UE stops both of drx-RetransmissionTimer and drx-ULRetransmissionTimer. In the meanwhile, if the NB-IoT UE receives PDCCH for UL transmission, the NB-IoT UE stops only drx-ULRetransmissionTimer.
	5.7
Discontinuous Reception (DRX) 

…
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

-
start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;

-
else:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

…
if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE:

-
stop drx-InactivityTimer, drx-ULRetransmissionTimer and onDurationTimer.
…


The basic assumption in Rel-13 NB-IoT was that there is no parallel HARQ process in UL and DL due to half-duplex operation with one HARQ process per UL and DL. In this sense, if the NB-IoT UE is scheduled in DL, all retransmission stops both in DL and UL by stopping drx-RetransmissionTimer and drx-ULRetransmissionTimer. However, if the NB-IoT UE is scheduled in UL, only drx-ULRetransmissionTimer stops. Thus, if there was a drx-RetransmissionTimer running, it keeps running. 
While drx-RetransmissionTimer is running, i.e., NACK of DL data, the NB-IoT UE may expect retransmission of DL data. However, it is up to eNB whether to retransmit DL data or schedule UL data transmission. Therefore the eNB may schedule UL data transmission instead of DL data retransmission, for instance, the eNB considers UL data more important than DL data depending on eNB’s scheduling policy.
Figure1 shows Rel-13 NB-IoT UE DRX behavior when the NB-IoT UE receives UL grant after sending NACK of DL data, i.e., while drx-RetransmissionTimer is running.
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Figure 1 after sending NACK of DL data, the UE receives UL data grant for a single HARQ process
In our view, if the UE receives UL grant while drx-RetransmissionTimer the UE should stop the drx-RetransmisionTimer in order to respect the principle that there shouldn’t be parallel HARQ procedure in DL and UL. 
Proposal 1: In Rel-13 NB-IoT, the NB-IoT UE stops drx-RetransmissionTimer of DL HARQ process if the NB-IoT UE receives an UL grant while drx-RetransmisionTimer is running.
2.2 Rel-14 NB-IoT DRX
Rel-14 NB-IoT UE has two HARQ processes per UL and DL. In order to allow using two HARQ processes in UL or in DL, DRX is modified for two HARQ processes. For example, if the NB-IoT UE receives a PDCCH for DL transmission, the NB-IoT UE stops drx-RetransmissionTimer for the corresponding DL HARQ process and drx-ULRetransmissionTimer for all UL HARQ processes. In the meanwhile, if the NB-IoT UE receives PDCCH for UL transmission, the NB-IoT UE stops drx-ULRetransmissionTimer for the corresponding UL HARQ process, but the UE doesn’t stop drx-RetransmissionTimer for any DL HARQ process.
Figure2 shows an example of Rel-14 NB-IoT DRX and scheduling with 2 HARQ processes. If the NB-IoT UE receives UL grant while drx-RetransmissionTimer is running due to unsuccessful reception of DL data, the UE doesn’t stop any drx-RetransmissionTimer. In other words, drx-RetransmissionTimer of both DL HARQ processes would keep running.
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Figure 2 after sending NACK of DL data, the UE receives UL data grant for two HARQ processes (H1 & H2)
If the UE receives UL grant, it means that the eNB is not going to schedule DL retransmission because parallel HARQ procedure in UL and DL is not assumed in Rel-14 NB-IoT as well. Therefore, there is no need for the UE to keep running drx-RetransmissionTimer. The gain of stopping drx-RetransmissionTimer is to save power consumption from the point in time when drx-InactivityTimer expires to the point in time when drx-RetransmissionTimer expires.
Proposal 2: In Rel-14 NB-IoT, the NB-IoT UE stops drx-RetransmissionTimer of all DL HARQ process if the NB-IoT UE receives an UL grant while drx-RetransmisionTimer is running.
Figure3 shows an example of Proposal 2. If the NB-IoT UE receives UL grant while drx-RetransmissionTimer is running due to unsuccessful reception of DL data, the UE stops all drx-RetransmissionTimer. 
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Figure 3 stop condition for the drx-RetransmissionTimer for the two HARQ processes (H1 & H2)
3. Conclusion
We found that there is no stop condition of drx-RetransmissionTimer when the UE receives UL data grant after sending NACK of DL data. This can lead to unnecessarily power consumption in the UE. Thus, we propose that
Proposal 1: In Rel-13 NB-IoT, the NB-IoT UE stops drx-RetransmissionTimer of DL HARQ process if the NB-IoT UE receives an UL grant while drx-RetransmisionTimer is running.
Proposal 2: In Rel-14 NB-IoT, the NB-IoT UE stops drx-RetransmissionTimer of all DL HARQ process if the NB-IoT UE receives an UL grant while drx-RetransmisionTimer is running.
We provide draft CRs [2] [3] corresponding to the proposal.
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