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Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to reduce power consumption and latency. This can be achieved by supporting 2 HARQ processes in both downlink and uplink, and increasing the maximum transport block size (TBS) of NPDSCH and NPUSCH [1].
A general analysis on the impact of the WI objective on Layer 2 is given [3]. In this contribution, we focus on the impact of using two HARQ processes for both downlink and uplink on the connected mode DRX and propose solutions on how to do that.
In [2] it is shown that the benefit of supporting 2 HARQ processes in NB-IoT, if there is any, does not justify the complexity in the standardization and the UE implementation it introduces. So we propose to keep the single HARQ process as defined in Rel-13, and instead further increase the maximum transport block size to cope with the higher data requirement. The decision is yet to be made in the coming WG1 meeting. For completeness purpose in this contribution we still provide the analysis on supporting two HARQ processes in layer 2. In case RAN1 decides to drop the two HARQ processes approach, the text provided in this contribution related to supporting of two HARQ processes should be ignored.
[bookmark: _Ref178064866]Discussion
In connected mode, if DRX is configured by the network, the UE should monitor NPDCCH discontinuously according to some predefined pattern. The main impact of increasing the number DL and UL HARQ processes from one to two on Layer 2 is on the connected mode DRX procedure which in Rel-13 is designed with the assumption that there is only one HARQ process. For the DL case, this means that the UE will not continue to monitor NPDCCH after the first DL assignment until the HARQ RTT Timer expires, i.e. after it has received the PDSCH transmission and sent the corresponding HARQ ACK/NACK feedback. For the UL case, the UE will not continue to monitor the NPDCCH after the first UL data grant until UL HARQ RTT timer expires, i.e., after it has transmitted the PUSCH and the network is ready to schedule another uplink transmission/retransmission. The Rel-13 DRX procedure is illustrated in Figure 1, with the explanation immediately following the figure.


[bookmark: _Ref465709829]Figure 1: Rel-13 NB-IoT DRX procedure with single HARQ process
Rel-13 DL data transmission in connected mode DRX:
1. UE detects DL grant on PDCCH indicating new transmission. Stops onDurationTimer.
2. UE receives PDSCH. Starts HARQ RTT Timer.
3. HARQ RTT Timer expires. UE starts or restarts drx-InactivityTimer and drx-RetransmissionTimer (in case PDSCH data decoding fails).
4. UE detects DL grant on PDCCH, stops drx-InactivityTimer and drx-RetransmissionTimer (if it is running).
Rel-13 UL data transmission in connected mode DRX:
1. UE detects UL grant on PDCCH indicating a new transmission. Stops onDurationTimer.
2. UE transmits data on PUSCH. Starts UL HARQ RTT Timer.
3. UL HARQ RTT Timer expires. UE starts or restarts drx-InactivityTimer and drx-ULRetransmissionTimer.
4. UE detects UL grant on PDCCH, stops drx-InactivityTimer and drx-ULRetransmissionTimer
Supporting two DL and UL HARQ processes implies that the UE might need to receive more than one DL or UL grant during the active time in connected mode DRX. The way how the two DL and UL grants are transmitted in the physical layer has direct impact on complexity that will be added to the connected mode DRX procedure in Layer 2.
Currently RAN1 is discussing different solutions to support two HARQ processes for NB-IoT ([4], [5], [6]). One possible way forward is to have the DCIs for the two HARQ processes transmitted in the same NPDCCH occasion, either by using Aggregation Level 1 to transmit two DCIs in the same NPDCCH occasion or by creating a new DCI format to schedule two HARQ processes in a single DCI message. For DL-SCH data transfer, the HARQ feedbacks for both HARQ processes can also be bundled in a single NPUSCH.
From RAN2 perspective this solution can limit the impact on the connected mode DRX procedure to a rather small extent. As illustrated in Figure 2, the Rel-13 DRX procedure can very much remain the same, except for some minor update.


[bookmark: _Ref465709813]Figure 2: Rel-14 N-IoT DRX procedure with 2 HARQ processes, with DCI and ACK/NACK bundling
Rel-14 DL data transmission in connected mode DRX, with DCI and ACK/NACK bundling:
1. UE detects two DL grants on PDCCH indicating new transmissions. Stops onDurationTimer.
2. UE receives PDSCHs. Starts HARQ RTT Timers at the end of the PDSCHs. The two HARQ RTT Timers will expire at the same time according to the Rel-13 definition.
3. HARQ RTT Timers expire. UE starts or restarts drx-InactivityTimer and drx-RetransmissionTimer (in case any PDSCH data decoding fails).
4. UE detects 2 DL grant on PDCCH, stops drx-InactivityTimer and drx-RetransmissionTimers (if they are running).
Rel-14 UL data transmission in connected mode DRX, with DCI bundling:
1. UE detects two UL grants on PDCCH indicating new transmissions. Stops onDurationTimer.
2. UE transmits data on PUSCHs. Starts UL HARQ RTT Timer at the end of the second PUSCH. 
3. [bookmark: _GoBack]UL HARQ RTT Timer expires. UE starts or restarts drx-InactivityTimer and drx-ULRetransmissionTimer.
4. UE detect two UL grants on PDCCH, stops drx-InactivityTimer and drx-ULRetransmissionTimer.

In case RAN1 decides to have independent DCI scheduling and HARQ feedback transmission (for DL), the connected mode DRX procedure becomes much more complicated compared to Rel-13.
In the DL, for supporting a second DL HARQ process the UE should continue to monitor NPDCCH after the first DL assignment, since the NW might schedule another DL transmission for the second HARQ process. The UE should continue to monitor the PDCCH until both DL grants are received, which can be achieved in the following way.
· After the UE detects the first DL grant, UE starts/restarts the drx-InactivityTimer (or a newly defined timer) 
· UE stops the drx-InactivityTimer (or a newly defined timer) after it receives DL grants for both HARQ processes.
Similarly, for the UL, after a UL grant have been detected by the UE for a HARQ process, there can be another UL grant for the other HARQ process to be received. UE should continue to monitor the PDCCH until both UL grants are received, which can be achieved by:
· After the UE detects the first UL grant, UE starts/restarts the drx-InactivityTimer (or a newly defined timer) 
· UE stops the drx-InactivityTimer (or a newly defined timer) after it receives DL grants for both HARQ processes.
More detailed analysis for these scenarios is depicted in Figure 3 with the following explanation. Please note that the solution described here is very similar to what is proposed in [7], except that the drx-InactivityTimer is stopped at the detection of the second NPDCCH DCI.



[bookmark: _Ref465709794]Figure 3: Rel-14 NB-IoT DRX Procedure with 2 HARQ processes, w/o DCI and ACK/NACK bundling
Rel-14 DL data transmission in connected mode DRX, w/o DCI and ACK/NACK bundling:
1. UE detects DL grant for HARQ Process 1 (H1) on PDCCH indicating new transmission. Stops onDurationTimer; starts drx-InactivityTimer.
2. UE detects DL grant for HARQ Process 2 (H2) on PDCCH indicating new transmission. Stops drx-InactivityTimer since DL grant for both HARQ processes have been received.
3. UE receives PDSCH for H1. Starts HARQ RTT Timer (H1).
4. UE receives PDSCH for H2. Starts HARQ RTT Timer (H2).
5. HARQ RTT Timer H1 expires. UE starts or restarts drx-InactivityTimer and drx-RetransmissionTimer (H1) (in case PDSCH data decoding fails).
6. HARQ RTT Timer H2 expires. UE starts or restarts drx-InactivityTimer and drx-RetransmissionTimer (H2) (in case PDSCH data decoding fails).
7. UE detects DL grant for H1 on PDCCH, stops drx-RetransmissionTimer (H1) if it is running.
8. UE detects DL grant for H2 on PDCCH, stops drx-InactivityTimer since DL grant for both HARQ processes have been received, and stops drx-RetransmissionTimer (H2) if it is running.
Rel-14 UL data transmission in connected mode DRX, w/o DCI bundling:
1. UE detects UL grant for HARQ process 1 (H1) on PDCCH indicating a new transmission. Stops onDurationTimer; starts drx-InactivityTimer.
2. UE detects UL grant for HARQ process 2 (H2) on PDCCH indicating a new transmission. Stops drx-InactivityTimer since UL grant for both HARQ processes have been received.
3. UE transmits data on PUSCH for H1. Starts UL HARQ RTT Timer (H1).
4. UE transmits data on PUSCH for H2. Starts UL HARQ RTT Timer (H2).
5. UL HARQ RTT Timer (H1) expires. UE starts or restarts drx-InactivityTimer and drx-ULRetransmissionTimer (H1).
6. UL HARQ RTT Timer (H2) expires. UE starts or restarts drx-InactivityTimer and drx-ULRetransmissionTimer (H2).
7. UE detects UL grant on PDCCH for H1, stops drx-ULRetransmissionTimer (H1).
8. UE detects UL grant on PDCCH for H2, stops drx-InactivityTimer since UL grant for both HARQ processes have been received, and stops drx-ULRetransmissionTimer (H2).

There is significant impact on the connected mode DRX procedure due to supporting two HARQ processes. The complexity is dependent on the physical layer solution selected by RAN1.
Based on the above analysis, we have the following proposal:
Do not introduce two HARQ processes on both downlink and uplink to NB-IoT.
If two HARQ processes is introduced, the DCIs and ACK/NACK (for downlink data transfer) of the two processes should be scheduled and transmitted in the same subframe, to reduce the impact on the connected DRX procedure and make things simple.
Conclusion
1. There is significant impact on the DRX procedure due to supporting two HARQ processes. The complexity is dependent on the physical layer solution selected by RAN1.
1. Do not introduce two HARQ processes on both downlink and uplink to NB-IoT.
1. If two HARQ processes is introduced, the DCIs and ACK/NACK (for downlink data transfer) of the two processes should be scheduled and transmitted in the same subframe, to reduce the impact on the connected DRX procedure and make things simple.
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