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1.	Introduction
RAN2 agreements on HARQ RTT Timer in UL/DL and drx-InactivityTimer are summarized in the below:
=> [R2#93bis] The drx-InactivityTimer should be started at the end of the transmission/re-transmission of each MAC PDU.
=> [R2#93] Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.
· [RAN2#93] The value range of drx-ULRetransmissionTimer is the same as for extended drx-RetransmissionTimer.
· [RAN2#93] Uplink HARQ RTT Timer length is set for 4 subframes.
· [RAN2#93] Uplink HARQ RTT Timer is started after the subframe containing the last PUSCH repetition of a transmission
· [RAN2#93] drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.
=> [R2#93] Downlink HARQ RTT Timer is started after the last indicated subframe of the PDSCH transmission.
=> [R2#93] drx-RetransmissionTimer is started on the subframe HARQ RTT Timer has expired.
=> [R2#93bis] The “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission.

Those agreements are captured in R2-163259, endorsed baseline MAC CR. In this contribution, we would like to reconsider the necessity of drx-InactivityTimer for NB-IoT by considering the scheduling opportunity and power consumption. 

2.	Discussion
NB-IoT UE has one HARQ process per direction, i.e., one in UL and the other one in DL. In addition, NB-IoT UE is restricted to operate in half-duplex manner. Keeping this in mind, we could reconsider the current DRX operation for NB-IoT UE.

2.1 Downlink 
Current DL DRX for NB-IoT : In DL, the UE starts HARQ RTT Timer on the last PDSCH repetition while starting drx-InactivityTimer on the last HARQ feedback repetition. drx-RetransmissionTimer starts upon HARQ RTT Timer expiry in case DL transmission is not successful and stops on the last PDCCH repetition.


Figure 1. Current DL DRX operation for NB-IoT
Before HARQ RTT Timer expires, it can be assumed that eNB doesn’t complete processing of HARQ feedback. Only after the eNB completes processing of HARQ feedback, i.e., HARQ RTT Timer expires and drx-RetransmissionTimer starts (green line), the eNB would transmit either another initial downlink transmission or retransmission. This implies that, during Active Time where drx-InactivityTimer is running (blue line), neither a PDCCH scheduling another initial DL transmission nor a PDCCH scheduling DL retransmission is expected to be received by the NB-IoT UE. 
Observation 1. During Active Time where drx-InactivityTimer is running (blue line) before HARQ RTT Timer expiry, the NB-IoT UE is not expected to receive a PDCCH scheduling a DL transmission.

2.2 Uplink 
Current UL DRX for NB-IoT : In UL, the UE starts UL HARQ RTT Timer and drx-InactivityTimer on the last PUSCH repetition. drx-ULRetransmissionTimer starts upon HARQ RTT Timer and stops on the last PUSCH repetition.


Figure 2. Current UL DRX operation for NB-IoT
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Similar to the DL case, only after the eNB completes processing of UL transmission, i.e., UL HARQ RTT Timer expires and drx-ULRetransmissionTimer starts (green line), the eNB would transmit either another initial UL transmission or retransmission. This means that, during Active Time where drx-InactivityTimer is running (blue line), neither a PDCCH scheduling another initial UL transmission nor a PDCCH scheduling UL retransmission is expected to be received by the NB-IoT UE.
Observation 2. During Active Time where drx-InactivityTimer is running (blue line) before HARQ RTT timer expiry, the NB-IoT UE is not expected to receive a PDCCH scheduling an UL transmission.

During Active Time where drx-InactivityTimer is running (blue line), one may think that the UE can receive a PDCCH scheduling UL transmission after the last HARQ feedback repetition, or DL transmissions after the last PUSCH transmission, i.e., interleaving between UL and DL. 
However, when RAN2 discussed starting condition of drx-InactivityTimer, RAN2 didn’t see much need for supporting interleaving between UL and DL transmission especially considering only half duplex operation for NB-IoT but thought UE’s battery saving is more important. In other words, RAN2 assumed that the UE doesn’t need to be in Active Time 1) between PDSCH and HARQ feedback in DL (red line in Figure 1) between PDCCH and PUSCH in UL (red line in Figure 2). As a result, drx-nactivityTimer starting condition changes to 1) last HARQ feedback repetition in DL, and 2) last PUSCH repetition in UL. 
Applying the same reason, interleaving shouldn’t be a problem here as well. If companies think interleaving case needs to be supported, it seems reasonable to start drx-InactivityTimer on the last PDCCH repetition as in the legacy so that, in DL, PDCCH for UL transmission can be received between PDSCH and HARQ feedback, and in UL, PDCCH for DL transmission can be received between PDCCH and PUSCH (red lines).
Observation 3. During Active Time where drx-InactivityTimer is running (blue line), the NB-IoT UE does not need to receive a PDCCH scheduling for interleaved UL or DL transmission.

Considering Observation 1, 2 and 3, the UE is not likely to receive a PDCCH scheduling UL or DL during the Active Time where drx-InactivityTimer and HARQ RTT timer are both running. In this sense, having drx-InactivityTimer would only consume UE’s battery while not bringing any benefit since at HARQ RTT timer expiry, the drx-RetransmissionTimer would keep the UE awake. Therefore, we would like to propose that:
Proposal 1 : drx-InactivityTimer is not used for NB-IoT. 

In legacy, having drx-InactivityTimer running, the UE can receive another PDCCH even if drx-RetransmissionTimer is not running due to successful DL transmission. However, in NB-IoT, with Proposal 1, the UE should start drx-RetransmissionTimer regardless of whether the reception of DL transmission is successful or not in order to receive another PDCCH. Otherwise, the UE needs to wait until the next On Duration, which might be undesirable from latency point of view.
Please note that in UL, drx-ULRetransmissionTimer starts upon UL RTT Timer expiry without checking anything. Therefore, the UE can receive another PDCCH even without drx-InactivityTimer, and hence, no further change is required.
Proposal 2: In DL, for NB-IoT, drx-RetransmissionTimer starts upon HARQ RTT Timer expiry regardless of whether the data of the HARQ process is successfully decoded or not. 

3.	Conclusion
In this contribution, we reconsidered drx-InactivityTimer for NB-IoT and observed the followings:
Observation 1. During Active Time where drx-InactivityTimer is running (blue line), the NB-IoT UE is not expected to receive a PDCCH scheduling a DL transmission.
Observation 2. During Active Time where drx-InactivityTimer is running (blue line), the NB-IoT UE is not expected to receive a PDCCH scheduling an UL transmission.
Observation 3. During Active Time where drx-InactivityTimer is running (blue line), the NB-IoT UE does not need to receive a PDCCH scheduling for interleaved UL or DL transmission.
In summary, NB-IoT UE would not receive any PDCCH for UL or DL transmission during Active Time where drx-InactivityTimer is running, and hence, we propose: 
Proposal 1: drx-InactivityTimer is not used for NB-IoT. 
Proposal 2: In DL, for NB-IoT, drx-RetransmissionTimer starts upon HARQ RTT Timer expiry regardless of whether the data of the HARQ process is successfully decoded or not. 

Annex	TP for 36.321 (based on the endorsed running CR in R2-163259)
5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the MAC entity’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), eIMTA-RNTI (if configured) and SL-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), drx-ULRetransmissionTimer (one per asynchronous UL HARQ process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) and UL HARQ RTT Timer per asynchronous UL HARQ process is also defined (see subclause 7.7).
When a DRX cycle is configured, the Active Time includes the time while: 
-	onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-ULRetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer for synchronous HARQ process; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).
When DRX is configured, the MAC entity shall for each subframe:
-	if the UE is not an NB-IoT UE and a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded; or 
-	if the UE is an NB-IoT UE and a HARQ RTT Timer expires in this subframe:
-	start the drx-RetransmissionTimer for the corresponding HARQ process. 
-	if an UL HARQ RTT Timer expires in this subframe:
-	start the drx-ULRetransmissionTimer for the corresponding HARQ process.
-	if a DRX Command MAC control element or a Long DRX Command MAC control element is received:
-	stop onDurationTimer;
-	stop drx-InactivityTimer.
-	if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:
-	if the Short DRX cycle is configured:
-	start or restart drxShortCycleTimer;
-	use the Short DRX Cycle.
-	else:
-	use the Long DRX cycle.
-	if drxShortCycleTimer  expires in this subframe:
-	use the Long DRX cycle.
-	if a Long DRX Command MAC control element is received:
-	stop drxShortCycleTimer;
	use the Long DRX cycle.
-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	start onDurationTimer.
-	during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception, and for NB-IoT if the subframe is not required for uplink transmission or downlink reception other than on PDCCH; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:
-	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, start or restart the drx-InactivityTimer in the subframe containing the last repetition of the associated HARQ feedback transmission;
-	if the PDCCH has indicated an UL transmission for an asynchronous HARQ process and this subframe contains the last PUSCH repetition of a transmission:
-	start the UL HARQ RTT Timer for the corresponding HARQ process;
-	stop the drx-ULRetransmissionTimer for the corresponding HARQ process.
-	if NB-IoT start or restart the drx-InactivityTimer.
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for NB-IoT, start or restart drx-InactivityTimer.
-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.
-	if CQI masking (cqi-Mask) is setup by upper layers:
-	in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.
-	else:
-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.
NOTE:	The same Active Time applies to all activated serving cell(s).
NOTE:	In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the MAC entity should process it and restart the HARQ RTT Timer. 
NOTE:	The BL UE and the UE in enhanced coverage waits until the last subframe of the configured MPDCCH search space before executing the next specified action.
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