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1 Introduction
In RAN2#99bis [1], it was agreed that drx-HARQ-RTT-TimerDL is started after PUCCH transmission and drx-HARQ-RTT-TimerUL is started after PUSCH transmission. These timers are configured to avoid PDCCH monitoring during K3, i.e. the processing time required by the gNB prior to responding to the UE’s transmission.
Agreements 
1	DL/UL HARQ RTT timer is kept and is configured by RRC.  Time unit is in ms.  Values are FFS and zero is an allowed value.  
2	DL HARQ RTT timer is started after PUCCH transmission 
3	UL HARQ RTT timer is started after PUSCH transmission.  FFS whether it is the last PUSCH transmission of a bundle
4 	Like in LTE, the drx-RetransmissionTimerDL is started when drx-HARQ-RTT-TimerDL expires 
5	Like in LTE, the drx-RetransmissionTimerUL is started when drx-HARQ-RTT-TimerUL expires 
6	UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission as in LTE

These agreements are captured in the MAC specification as below [2].
	1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
-------<text omitted>-------
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding PUCCH transmission; 
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process



However, the text ‘PUCCH transmission’ above does not consider the following two cases: 
1. HARQ ACK/NACK is transmitted over PUSCH and; 
2. HARQ feedback is not transmitted if its transmission occasion overlaps with a measurement gap. 
In both cases, a ‘PUCCH transmission’ does not take place. 
Similarly, the text ‘PUSCH transmission’ does not consider the case when the ‘PUSCH transmission’ is dropped if its transmission occasion overlaps with a measurement gap. In this paper, we suggest modifications to fix these issues.

2 Discussion
In LTE [3], the HARQ RTT timer is started upon reception of PDCCH indicating a DL transmission or if a DL assignment has been configured for this subframe. This means that in LTE the starting time of the HARQ RTT timer is NOT related to whether HARQ ACK/NACK is transmitted over PUCCH or PUSCH, or whether HARQ ACK/NACK is not transmitted due to an overlap with measurement gap.
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-	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 drx-ULRetransmissionTimer for all UL HARQ processes.



Observation 1: In LTE, HARQ RTT timer is started and running regardless of whether HARQ feedback is transmitted over PUCCH or PUSCH, or whether it is transmitted at all.
In NR, the drx-HARQ-RTT-TimerDL timer is started after PUCCH to avoid the impact of K1 (time from PDSCH to ACK/NACK) because K1 is not related to the time taken by the network to process the HARQ feedback and generate DL assignment for the following new transmission or retransmission. Similarly, the drx-HARQ-RTT-TimerDL timer is started after PUSCH to avoid K2 (time from receiving grant on PDCCH and the corresponding uplink transmission).

However, the text ‘PUCCH transmission’ in the MAC specification may lead to some confusion because (1) HARQ feedback may be transmitted over PUSCH, and (2) HARQ feedback may not be transmitted in case HARQ feedback transmission occasion overlaps with a measurement gap. Similarly the text ‘PUSCH transmission’ leads to some confusion in the case where PUSCH transmission is dropped when the transmission occasion overlaps with a measurement gap.

Observation 2: In current spec, the starting time of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is not clear either when HARQ feedback is transmitted over PUSCH or when uplink transmission is skipped due to an overlap with a measurement gap.

To fix the issue, we suggest the following modifications:
· As currently intended by the specification, the RTT timers should be started after the UL transmission. If HARQ feedback is to be transmitted over PUCCH, timer is started after PUCCH transmission; if HARQ feedback is to be transmitted over PUSCH, timer is started after PUSCH transmission.
· Second, we follow the LTE rule that the timer is started even if the uplink transmission does not take place, e.g. due to an overlap with a measurement gap.

Proposal 1: drx-HARQ-RTT-TimerDL is started after the corresponding HARQ feedback regardless of whether the feedback is transmitted over PUCCH or not.
Proposal 2: DL and UL HARQ RTT timers are started after the corresponding uplink transmission occasion regardless of whether uplink transmission takes place.
3 Conclusion 
Based on the observations:

Observation 1: In LTE, HARQ RTT timer is started and running regardless of whether HARQ feedback is transmitted over PUCCH or PUSCH, or whether it is transmitted at all.
Observation 2: In current spec, the starting time of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is not clear either when HARQ feedback is transmitted over PUSCH or when uplink transmission is skipped due to an overlap with a measurement gap.

We propose:

Proposal 1: drx-HARQ-RTT-TimerDL is started after the corresponding HARQ feedback regardless of whether the feedback is transmitted over PUCCH or not.
Proposal 2: DL and UL HARQ RTT timers are started after the corresponding uplink transmission occasion regardless of whether uplink transmission takes place.

4 Text ProposalStart of Change


[bookmark: _Toc502437820]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, CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously.
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;
-	drx-StartOffset: the subframe where the DRX Cycle starts;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycle: the Long DRX cycle;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
When a DRX cycle is configured, the Active Time includes the time while: 
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-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
-	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 Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if drx-SlotOffset is configured:
3>	start drx-onDurationTimer after drx-SlotOffset.
2>	else:
3>	start drx-onDurationTimer.
1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH;
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding HARQ feedback is to be transmittedPUCCH transmission;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission is to be transmitted;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer.
1>	else (i.e. not part of the Active Time):
2>	not transmit type-0-triggered SRS defined in TS 38.214 [7].
1>	if CQI masking (cqi-Mask) is setup by upper layers:
2>	if drx-onDurationTimer is not running:
3>	not report CSI on PUCCH.
1>	else:
2>	if the MAC entity is not in Active Time:
3>	not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and type-1-triggered SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or expires in the middle of a PDCCH occasion).
End of Change
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