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Introduction
At RAN2#97bis meeting, DRX was discussed and we made the following agreements:
Agreements
-	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
In RAN2#98 meeting this topic was further discussed without reaching any conclusion.
In this contribution, we suggest to progress by answering the following questions:
· Should multiple DRX configurations be activated at the same time?
· Should UE be provided with multiple DRX configurations?
· How to configure the DRX timers?
Discussion
Should multiple DRX configurations be activated at the same time?
During the online discussion of RAN2#98, some companies pointed out that activating multiple DRX configurations simultaneously (resulting in a combined DRX pattern defined as the “union” of the multiple DRX patterns) could further maximize the power saving on the ongoing services. Since it will increase the implementation complexity of the UE, the real gain of this approach should be analyzed carefully. As shown in Fig.1, we can compare the performance of one activated DRX and multiple DRX configurations. 

Figure 1 – UE’s Active State under Multiple Activated DRX Configuration and One Activated DRX configuration
There are two ongoing services with different periodicity and data arrival interval. In case 1, two DRX configurations are activated and take care of the two ongoing services, respectively. The UE’s active state should be the superposition of the two DRX configurations, since a MAC entity can be in one DRX state as agreed by RAN2. In case 2, only one activated DRX is used to take care of the both ongoing services (e.g. OnDuration refers to the longest data arrival interval and DRX cycle refers to the shortest traffic periodicity). The time interval highlighted in red illustrates the difference of UE active period under the two cases.
Although the UE can keep sleeping a little longer with multiple DRX configurations, the benefit is quite limited. In practice, the ongoing traffic pattern would be more complex; in addition, UE should be in active DRX state during the retransmission timers. Accordingly, the extra sleep period provided by multiple activated DRX configurations would be much smaller. In this light, it is better to activate only one DRX configuration at any time point. This is simpler and the power saving efficiency is similar with multiple activated DRX configurations.
Proposal 1: Only one DRX configuration is activated at the same time.
Should UE be provided with multiple DRX configurations?
In NR, a wider variety of services will be supported, compared with LTE. The difference among traffic patterns of different services also significantly differs from LTE, with the introduction of URLLC and eMBB. With the activation or deactivation of one service, the combined traffic pattern of ongoing services may change sharply over time. There is clearly no ideal DRX configuration that perfectly aligns with any combination of service patterns at any time and scheduler can use some techniques to e.g. align the transmissions of different services or extending dynamically the “OnDuration” or some other legacy DRX techniques. However these techniques only keep the expected DRX efficiency if the scheduler “adjustments” do not compromise neither the power saving goals nor the services’ QoS. So it is definitely challenging to rely on one single DRX configuration to address the variety of NR service patterns while providing both good power saving performance and UE’s experience. One may point out that NW can re-configure the DRX when it detects the change of ongoing services. However, this will introduce heavy RRC signalling overhead, especially when the change of traffic pattern is frequent. Therefore, a more efficient way is to provide multiple DRX configurations to the UE and NW can activate the appropriate one by L1/L2 signalling. 
Considering the network may not be able to detect the UE’s application changes timely, in order to ensure the DRX performance, UE may report some assistant information to the network.
Proposal 2: Multiple DRX configurations can be provided to UE and NW can activate the appropriate one by L1/L2 signalling.
Proposal 3: To help the network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change can be considered in NR.  
Configuration of the DRX timers
In LTE, there are two categories of DRX associated timers. One is the MAC entity specific timer like:
· OnDuration Timer
· drx-Inactivity Timer
The other one is HARQ process specific timer like:
· (UL) HARQ RTT Timer
· drx-(UL)Retransmission Timer
In addition, long and short DRX cycle can be configured to UE in LTE.
· OnDuration & drx-Inactivity Timer
In LTE, the OnDuration and Inactivity Timer are counted in PDCCH subframes. A straightforward idea is that their unit in NR could be “NR-PDCCH occasion”. However, it is likely that different numerologies have different NR-PDCCH patterns. In addition, it may take different numerologies different times to read the same number of NR-PDCCH occasions. This will result in confusion about the exact length of the Timer. To eliminate this ambiguity, there are two potential options that can be considered:
Option 1: The OnDuration/Inactivity Timer is a number of NR-PDCCH occasions of a reference numerology
Option 2: The OnDuration/Inactivity Timer determines the total NR-PDCCH occasions UE should monitor regardless of numerology
Option 3: The OnDuration/Inactivity Timer is configured as an absolute time.
For Option 1, the OnDuration/Inactivity Timer includes a configured number of NR-PDCCH occasions on the reference numerology, which should be one of the numerologies supported by the UE. In addition, UE needs to monitor all PDCCH occasions on any supported numerology while the timer is running, since NW should be able to schedule the UE on any of these numerologies.
For Option 2, the OnDuration/Inactivity Timer is configured as a number of NR-PDCCH occasions, which means that the UE monitors the total number of configured NR-PDCCHs (across all supported numerologies) during the timer. 
For Option 3, the OnDuration/Inactivity Timer is directly set to an absolute time. The UE should monitor the NR-PDCCH occasion on all supported numerology within the OnDuration/Inactivity Timer. 
The Fig.2 shows an example illustrating how the Option 1 and Option 2 work (assuming there are two supported numerologies and their respective NR-PDCCH occasions densities are different). 


Figure 2 – Example of OnDuration configuration/unit (Option 1 & Option 2)
As can be seen, there is no essential difference between Option 1 and Option 2. How to define and select the reference numerology may be an extra complexity introduced for Option 1. It is worth noting that Option 1 and Option 2 are based on the assumption that UE must monitor all the supported numerologies during the OnDuration/Inactivity Timer. This will eliminate the possibility to support additional power saving mechanism like, as illustrated in Figure 3, UE-specific numerology activation/de-activation. For instance, if there is no available data on a DRB, UE can be told to de-activate the numerology only used by this DRB.


Figure 3 – Illustration of numerology specific activation/deactivation
However, with activation and de-activation of some numerology, the NR-PDCCH occasion pattern can be changed and UE will be confused about the actual length of the OnDuration/Inactivity Timer for Option 1 and Option 2.
Proposal 4: RAN2 is suggested to discuss whether numerology activation/de-activation is used as an extra power saving mechanism.
Observation 1: Defining OnDuration/Inactivity Timer as a number of NR-PDCCH occasions will confuse the UE about the actual length of OnDuration/Inactivity Timer if numerology activation/de-activation is supported.
 Proposal 5: Configuring OnDuration or drx-Inactivity Timer as an absolute value can avoid any ambiguity about the absolute length of the timer.
· (UL) HARQ RTT Timer & drx-(UL)Retransmission Timer
The HARQ RTT Timer and drx-Retransmission Timer are specific to the HARQ process (one per HARQ process). For LTE, the value of HARQ RTT timer is based on UE’s processing time and is only impacted by the TDD/FDD configuration used and UE category (e.g. NB-IoT). In NR, since the TTI duration is variable, the HARQ RTT timer should depend on the processing time of the TB triggering this HARQ RTT timer.
Proposal 6: The length of the HARQ RTT timer depends on the processing time of the TB which triggers this HARQ RTT timer.
In legacy LTE, a fixed TTI duration is supported so that the DL/UL processing time can be described as a number of subframes. For NR, it is more appropriate to define the processing time in number of TTIs[footnoteRef:1]. Therefore, the unit of HARQ RTT timer can be the TTI length of the triggering TB. [1:  In our companion contribution [1] we propose defining a TTI as the period of DL control channel monitoring occasions configured for a CORESET.] 

Proposal 7: The unit of (UL) HARQ RTT timer is the TTI length of the TB which triggered this timer.
· long DRX cycle and short DRX cycle
The short DRX is appropriate for the service like VoIP or URLLC while long DRX is appropriate for the service like Internet Surfing. Basically, the short/long BSR cycle is related to the pattern of suitable service but not related to the TTI duration or NR-PDCCH monitoring pattern. So it is sufficient to use the same unit as LTE.
Proposal 8: The length of long/short DRX cycle is a number of subframes as in LTE.
Conclusion 
In this paper, the DRX related configuration and timer are discussed. We made the following observation and proposals:
Proposal 1: Only one DRX configuration is activated at the same time.
Proposal 2: Multiple DRX configurations can be provided to UE and NW can activate the appropriate one by L1/L2 signalling.
Proposal 3: To help the network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change can be considered in NR.  
Proposal 4: RAN2 is suggested discussing whether numerology activation/de-activation is used as an extra power saving mechanism.
Observation 1: Defining OnDuration/Inactivity Timer as a number of NR-PDCCH occasions will confuse the UE about the actual length of OnDuration/Inactivity Timer if numerology activation/de-activation is supported.
Proposal  5: To configure OnDuration or drx-Inactivity Timer as an absolute value can avoid any ambiguity about the absolute length of the timer as mentioned.
Proposal 6: The length of the HARQ RTT timer depends on the processing time of the TB which triggers this HARQ RTT timer.
Proposal 7: The unit of (UL) HARQ RTT timer is the TTI length of the TB which triggered this timer.
Proposal 8: The length of long/short DRX cycle is a number of subframes as in LTE.
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