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1. Introduction
Based on the agreements of DRX in last RAN2 meeting, issues on multiple DRX configurations, DRX timer configuration and start condition, and whether RTT timer is needed are discussed in this contribution.

RAN2#97bis meeting agreements [1]: 
-	A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configurations are supported.
-	When MAC entity is awake it monitors “PDCCH” occasion 
-	In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles
2. Discussion
Issue 1. FFS is multiple active configurations are supported
To our understanding, multiple active DRX configurations is to balance the difference services requirement and UE power consumption. When different service is mapped onto different numerology and per numerology DRX is configured, proper DRX parameters including DRX cycle, OndurationTimer and InactivityTimer can be configured according to traffic characteristic of the service. Then UE power consumption due to PDCCH monitor can be optimized as shown in figure 1.


Figure 1: illustration of multiple active DRX configurations per MAC entity

Although DL and UL retransmission timer and RTT timers are HARQ operation related and then also related to numerology or TTI duration, they have impact only on the related HARQ operation. Different configuration for these timers due to different numerology or TTI duration should not be regarded as a reason to have multiple active DRX, i.e. a set of DRX cycle, ondurationTimer and InactivityTimer plus different HARQ related timers are still one DRX configuration.
Observation 1: The difference between single DRX and multiple active DRX is whether there are multiple DRX cycle/ondurationTimer/InactivityTimer configurations for monitoring PDCCH occasion of different numerology or TTI duration;

But this multiple active DRX configuration is not necessary for following reasons.
First of all, network can always configure a proper DRX cycle take all active service traffic into account. There have already some proposals on how to configure DRX with minimal delay and signaling overhead.
Secondly, if RF chain is on when in onduration of a DRX configuration, the power saved due to not monitoring other configured numerologies is insignificant.
Even if UE power saving is a problem in this case, cross numerology scheduling can provide better power saving. With cross numerology scheduling, UE can be scheduled by PDCCH of one numerology for data transmission on another numerology. Then UE only needs to monitor one numerology when in DRX active time. Then network can always configure DRX according to the most stringent service requirements for a UE.
Proposal 1: There is at most one active DRX configuration per MAC entity.

Issue 2. Unit of DRX timers
In LTE, DRX timers are configured as PDCCH subframes, including OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, and drx-ULRetransmissionTimer. Configuring these timers as PDCCH sub-frame numbers makes equal schedule opportunities in different DRX cycle. In NR, this similar principle should be followed but take following difference into account:
· In NR, a UE can be configured with multiple numerologies.
· Different numerology has different TTI duration, and PDCCH monitoring occasion configuration.

For NR, DRX timers can be categorized into 2 classes.
Class 1: Traffic character related timers, including ondurationTimer and drx-InactivityTimer. 
Class 2: HARQ operation related timers, including DL and UL RTT Timer, DL and UL retransmission timer.

Although ondurationTimer and drx-InactivityTimer can be configured as PDCCH occasion numbers like in LTE (PDCCH subframes), it is better to configures theses 2 timers as numerology independent. 
In NR, PDCCH monitoring occasion is configured for different numerology with different period. Thus, if these 2 timers are configured as PDCCH occasion numbers, the actual time duration a UE monitoring PDCCH for a numerology is decided by the PDCCH occasion period of the numerology. In other words, to achieve same onduration/inactivity time duration, different values should be configured for different numerology or TTI duration. This increases complexity and totally unnecessary.
Proposal 2: The ondurationTimer and drx-inactivityTimer are configured with numerology independent time unit, e.g. the reference time unit.

DL and UL retransmission timer provides the scheduling chance for retransmission. Because the schedule chances depend on TTI duration of a specific numerology, these 2 timers can be configured as PDCCH occasion numbers of the numerology on which the HARQ process is operated on. In this way, the scheduling chances for retransmission are the same for different cycles. Ands same value can be configured for HARQ process operating on different numerology to achieve same scheduling chances for retransmission.
Similar to sTTI in LTE, the retransmission timer unit should be the same as the initial transmission which triggers the retransmission.
Proposal 3: DL and UL retransmission timers are configured as PDCCH monitoring occasion numbers of the same numerology/TTI duration with which triggers retransmission.

RTT timers are also HARQ related. Their value depends on network processing capability and TTI duration. In LTE, RTT timers are set as subframe numbers. For NR, because different TTI duration of different numerology and scheduling level, RTT timers should be configured as TTI numbers of the numerology and TTI duration of the HARQ process.
Proposal 4: DL and UL RTT timers are configured as TTI numbers of the numerology/TTI duration of the related HAQR process. 

Issue 3. Whether RTT timer is supported or configurable
In previous meetings, there was proposal to remove RTT timer for DRX operation. The reason is that network can process the UL transmission very fast. Thus the RTT time is too short to be meaningful. We also understand the RTT timer length is related to TTI size and network processing delay. If network can process fast, both UE power consumption and throughput can be improved.
However, we prefer that network can decide whether RTT Timer is configured according to its processing capability and/or traffic load.
Further, in LTE the RTT Timer is fixed to 8 subframes for FDD. In NR, network should be able to configure the RTT Timer length also according to its process capability.
Proposal 5: Whether to have RTT timer and RTT Timer value are configurable.

Issue 4. DRX Timer start condition
In LTE, RTT timer is started when:
· For DL HARQ process, RTT timer is start from the subframe when the PDCCH indicates a DL assignment or if a DL assignment is configured for this subframe. As shown in figure 2.
· For UL asynchronous HARQ process, RTT timer is started from in the subframe containing the last repetition of the corresponding PUSCH transmission.


Figure 2: Illustration of RTT Timer for DL HARQ process in LTE

In NR, there are two changes compared to LTE which may impact the start of RTT timer.
· For DL, timing between PDCCH and PDSCH transmission is configurable.
· For both UL/DL dynamic scheduling and SPS transmission, K repetition is supported.
Considering RTT Timer by definition is the time before a retransmission is expected by MAC entity, we should change this condition according to above changes in NR as following: 
For DL, the RTT Timer or DL retransmission Timer (if RTT Timer is not configured) should start for a HARQ process from the last repetition of DL transmission of that HARQ process. This is similar to NB-IoT and eMTC where downlink repetition is adopted.
Following is copied from 36.321 for reference: 
	-	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.



Figure 3: Illustration of proposed DL RTT Timer start condition

For UL, the RTT Timer or UL retransmission Timer (if RTT Timer is not configured) is started for a HARQ process from the TTI contains the last repetition of PUSCH transmission. This is same as in LTE.
Proposal 6: For a DL HARQ, RTT Timer or DL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PDSCH transmission of that HARQ process. For a UL HARQ process, RTT Timer or UL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PUSCH transmission.

For drx-InactivityTimer, it is stated or restated from the subframe when PDCCH indicates a new transmission (UL, DL, or SL). Although in NR K repetition is introduced for both uplink and downlink transmission, the LTE approach can be reused for NR because a new transmission grant/assignment indicating there is possibly more new data to be transmitted.
Proposal 7: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission.
3. Conclusion
Observation and proposals for multiple active DRX configuration issue:
Observation 1: The difference between single DRX and multiple active DRX is whether there are multiple DRX cycle/ondurationTimer/InactivityTimer configurations for PDCCH monitoring;
Proposal 1: Proposal 1: There is at most one active DRX configuration per MAC entity.

Proposal on DRX timer unit:
Proposal 2: The ondurationTimer and drx-inactivityTimer are configured with numerology independent time unit, e.g. the reference time unit.
Proposal 3: DL and UL retransmission timers are configured as PDCCH monitoring occasion numbers of the same numerology/TTI duration which triggers retransmission.
Proposal 4: DL and UL RTT timers are configured as TTI numbers of the numerology/TTI duration of the related HAQR process. 

Proposals on DRX configuration and timer start condition:
Proposal 5: Whether to have RTT timer and RTT Timer value are configurable.
Proposal 6: For a DL HARQ, RTT Timer or DL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PDSCH transmission of that HARQ process. For a UL HARQ process, RTT Timer or UL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PUSCH transmission.
Proposal 7: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission.
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