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1   Introduction
DRX in NR has been discussed in RAN2 95bis meeting with the following agreement:

“DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies.” 
Furthermore at RAN1#86bis [1], RAN1 agreed 

	RAN1#86bis Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz


In the RAN2#97bis meeting, RAN2 agreed

Agreements on DRX

-
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

In this contribution, we analyse the DRX issues with multiple numerologies and different services.
2   Discussion
In LTE, several timers are configured to control the DRX behavior of the UE. In additional to timer-based transition, explicit-command-based transition is also used in LTE. If the network is sure that there is no more data for the UE or if it does not want to schedule any data for the UE for some time, the network can send a DRX command MAC CE to the UE. When the UE receives this DRX command MAC CE, it immediately moves either to a short DRX cycle (if configured) or to a long DRX cycle. In NR, the motivations for the usage of DRX command MAC CE are still valid. In that case, the DRX command MAC CE can be reused in NR to control UE DRX state.

Proposal 1: Like in LTE, the DRX command MAC CE are used to control UE DRX state in NR.
In LTE, a HARQ RTT timer per DL HARQ process and UL HARQ RTT timer per asynchronous UL HARQ process is defined for DRX operation. Both the HARQ RTT timer and the UL HARQ RTT timer are of fixed value in the FDD and different according to each subframe in the TDD. Thus, both timers are not configurable and does not reflect the requirement of the underline service in LTE. Unlike the other DRX timers which are not sensitive to the processing time, it seems that the HARQ RTT timer and UL HARQ RTT timer are assumed to be reduced due to reduced processing time if short TTI duration is used. However, the reduction is not proportional to the reduced TTI length, since the processing time also depends on the size of TB, the length of CB, the number of CBs, the transmission bandwidth in a TTI and also the UE/gNB capability, etc. A reasonable and efficient solution is to has configurable HARQ RTT timer and UL HARQ RTT timer considering the numerologies and the services. As analyzed above,  different DRX configuration for a single RF chain makes no sense for  power saving. Hence, it would be beneficial to have numerology specific HARQ RTT timer and UL HARQ RTT timer in NR.
Proposal 2: HARQ RTT timer and UL HARQ RTT timer should be configured per numerology.
In LTE, DRX related timer is realized using counter, and the unit of counters is sub-frame. There is only one set of TTI and sub-frame durations. NR sub-frame duration is the same as LTE and fixed to 1 ms for all numerologies based on RAN1 agreement [2]. However, different numerologies would have different TTIs, as illustrated in Figure 1.
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Figure 1 Multiple Types of TTI within a NR Cell
If sub-frame is still used as the unit for DRX counter, a UE will not be able to sleep until the end of a full sub-frame, even if traffic carried in a numerology has been transmitted in the early period of the sub-frame. Furthermore, HARQ RTT timer is more likely to be counted in TTIs, in order to adapt to different requirements in service latencies. Hence, it is more reasonable to use TTI as the unit in DRX related timers/counters.
An alternative option is to count the number of PDCCH monitoring occasions for the timers, if different PDCCH monitoring pattern is configured for different numerologies. The UE might skip some pre-defined PDCCH occasions during active state to further save the energy. However, using a time unit of PDCCH monitoring occasion increases complexity on UE implementation since UE needs to skip some occasions according to the configuration when performing PDCCH monitoring. In addition, this mechanism also introduces difficulties on specification description. Moreover, the PDCCH monitoring occasion is inherently based on the TTI since the UE should first perceive that there is a PDCCH occasion and then the UE could skip it. The definition and usage of TTI in MAC layer is well-developed and has matured in legacy LTE. Therefore, configuration of DRX timer using a time unit of TTI is a more suitable option.
Proposal 3: TTI, instead of sub-frame, should be used as the unit in DRX related timers/counters. 
3   Conclusion
Based on the above discussion, we have the following observations and proposals,
Proposal 1: Like in LTE, the DRX command MAC CE are used to control UE DRX state in NR. 
Proposal 2: HARQ RTT timer and UL HARQ RTT timer should be configured per numerology.
Proposal 3: TTI, instead of sub-frame, should be used as the unit in DRX related timers/counters.
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