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1.
Introduction
In RAN2#97bis and NR AH#2, RAN2 agreed the followings for DRX in NR,
Agreements of RAN2#97
-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration 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
Agreements RAN2 NR AH#2

1. As a baseline, a single DRX configuration like in LTE will be supported.  

2. The DL and UL HARQ RTT timer are not static values.   FFS if the timer is removed or how it is set.   

In this contribution, we will discuss and present our view for DRX related timers.
2.
Discussion 
2.1
Definition of PDCCH-subframe in NR
In current LTE, “PDCCH-subframe” is defined as follow, 

PDCCH-subframe: Refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink [8]; except if the UE is not capable of simultaneous reception and transmission in the aggregated cells where this instead represents the PDCCH-subframes of the SpCell.
Referring to the current definition for PDDCH-subframe, “PDCCH-subframe” indicates a subframe with PDCCH regardless of the number of PDCCH opportunities within one subframe or the length of PDCCH spread within one subframe. Given that a subframe is still remained as 1ms even with support of multiple numerology/TTI duration, the definition of PDCCH-subframe should remain the same as in LTE.

Proposal 1. In NR, even if the multiple numerology/TTI duration is introduced, the definition of PDCCH-subframe should remain the same as in LTE, i.e. “PDCCH-subframe” refers to a subframe with PDCCH.
2.2
HARQ RTT timer in NR
In NR AH2, RAN2 decided that The DL and UL HARQ RTT timer are not static values, while it is still FFS if the timer is removed or how it is set. 

It always takes some time period for processing a received data or feedback. Since there will not be any scheduling of retransmission before finishing processing of the received data/feedback, LTE DRX is designed in a way that the UE is allowed not to monitor the PDCCH for some time duration by considering the processing time.  
For this purpose, LTE DRX manages two kinds of DRX timers, retransmission timer (drx-RetransmissionTimer and drx-ULRetransmissionTimer) and RTT Timer (HARQ RTT Timer and UL HARQ RTT Timer). Generally speaking, in order to allow not monitoring PDCCH for some time while, RTT Timer starts upon the transmission and then retransmission timer starts upon expiry of the RTT Timer. 
In LTE, simply speaking, in case of FDD, the HARQ RTT Timer and UL HARQ RTT Timer are defined by assuming that the processing time takes 4 subframes. For TDD, the HARQ RTT Timer further considers the interval between DL and HARQ feedback which is defined in RAN1, and the UL HARQ RTT Timer considers kULHARQRTT, which is defined as kPHICH value which is the interval between UL and HARQ feedback. 

However, in NR, the processing time is reduced, where the processing time could be in number of symbols together with absolute time (in us). Furthermore, the HARQ feedback timing could vary depending on scheduling schemes, HARQ feedback transmission schemes, etc. Thus, it seems that more various RTT Timers need to be defined, which would increase UE complexity significantly.
In addition, the RTT Timer is beneficial only when there is no other running DRX timer which determines the Active Time, e.g., drx-InactivityTimer, retransmission timer for other HARQ processes. Given that fast scheduling is possible with reduced scheduling interval (symbol-based, slot-based) and increased number of HARQ processes, which could be 16, there may not be real chance for the UE not to monitor the PDCCH with RTT Timer.
Therefore, we would like to suggest not to use RTT Timers in NR. Without RTT Timers, the retransmission timer starting condition can be as follows:

· The UE starts the drx-RetransmissionTimerDL for the corresponding HARQ process if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNIT;

· The UE starts the drx-RetransmissionTimerUL for the corresponding HARQ process if the PDCCH indicates an UL transmission or if an UL grant has been configured for this NR-UNIT;
Proposal 2. In NR DRX, HARQ RTT timer and UL HARQ RTT timer are not used.
2.3
drx-InactivityTimer in NR
In LTE DRX, several timers are used to receive a PDCCH for DL/UL scheduling, e.g., the UE starts drx-InactivityTimer upon receiving a PDCCH indicating a new transmission in DL/UL/SL. The basic assumption here was that the UE doesn’t differentiate downlink and uplink scheduling, and hence, drx-InactivityTimer is operating based on both of downlink and uplink traffic.

However, in real life, activity in downlink and uplink would be different. For example, uplink traffic can be of small size and infrequent, whereas downlink traffic can be of large size and frequent. 

DRX operation without considering asymmetric downlink/uplink traffic pattern may cause UE to monitor PDCCH unnecessarily. For instance, in case a long drx-InactivityTimer is configured for possible large size of downlink data transmission, the UE will monitor PDCCH even when there is only small size of infrequent uplink data transmission.

In addition, different TTI durations would be used in downlink and uplink. Then, it may be good to have different drx-InactivityTimer value by taking the TTI durations that would be mainly used in each direction.

In this sense, we think two separate drx-InactivityTimers need to be configured/maintained for uplink and downlink. 

Proposal 3. In NR, two separate drx-InactivityTimers are used; one for uplink and the other one for downlink.

3.
Conclusion
In this contribution, we discussed several aspects for NR DRX and proposed that,
Proposal 1. In NR, even if the multiple numerology/TTI duration is introduced, the definition of PDCCH-subframe should remain the same as in LTE, i.e. “PDCCH-subframe” refers to a subframe with PDCCH.
Proposal 2. In NR DRX, HARQ RTT timer and UL HARQ RTT timer are not used.
Proposal 3. In NR, two separate drx-InactivityTimers are used; one for uplink and the other one for downlink.
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