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[bookmark: _Ref477940125]Introduction
In this document we discuss enhancements for the DRX framework in NR. The DRX feature is used in LTE to save energy by allowing the UE to discontinuously monitor PDCCH. This is important in many cases, both for UEs with possibly little activity, e.g. devices in mMTC and also for UEs with more frequent traffic e.g. eMBB. 
NR offers a broader range of services as compare to LTE, each with very different QoS requirements. These QoS requirements are often expressed as minimum bitrate or maximum latency but also maximizing the battery lifetime of the UE is a constant increasing requirement both by end users and user equipment.  It is therefore expected that the NR system has mechanisms which allow the UE to reduce its energy consumption even further and it is important to decide how to design and enhance DRX while still efficiently supporting the different services for NR.
At the RAN2#97bis meeting the following was 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

At RAN2#98 DRX was discussed, but no agreements where made. This paper discusses the FFS if multiple configurations are supported but also treats some C-DRX functionality in general.
Discussion
Background
In Connected mode in LTE, the UE can be configured with two DRX levels or cycles. The reason to have two levels is to adapt to the level of the UE activity. A short DRX cycle is used when the UE recently received data. A long DRX cycle is used when the UE has not received data for a “longer” period of time. 
The support of different services, service mixtures, a different L1, and different numerologies could be a trigger to revisit and enhance the mechanisms found in LTE in order to reduce the UE energy consumption. 
[bookmark: _Ref484695145]DRX Enhancements for NR
In 3GPP DRX enhancements has been discussed but without reaching any agreements. The main enhancement being discussed is the use of dynamic DRX configurations to allow for optimization of the bitrate, latency and battery lifetime for different services offered by NR. 
The question discussed is while some DRX settings are optimal for one service, they might not be optimal for another service if the UP has more than one service active at the same time. And since it is already agreed that “A MAC entity can be in one DRX state (i.e. single on/off time) at any given time” only one DRX configuration will be active regardless of the number of carrier components activated.
Some companies therefore propose to allow for the union of different DRX cycles, i.e. if a DRX configuration (DRX config 1) is used for one service and another DRX configuration is used for a different service (DRX config 2), then DRX config 3, see Figure 1, should be used as the resulting DRX configuration. 
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[bookmark: _Ref484686739]Figure 1 Different DRX configurations
This would imply the need to implement a more or less completely new DRX framework that allows for multiple DRX cycles active at the same time, multiple onDuration periods configured where a specific period goes along with at specific DRX cycle. This would increase the DRX complexity to a large extent without showing any real gain for the UE. Rather the opposite since the UE would need to be awake more often without increasing its reachability.
If a UE is using a service with e.g. DRX config 1 as it DRX configuration and then is further configured with one more service where the optimal DRX configuration is DRX config 2, then the NW should have the means to configure a DRX configuration that are optimized for both the active services using the existing framework of LTE, see e.g. Figure 2.
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Figure 2 Example of a DRX configuration suitable for two services
This DRX configuration, DRX config 4 of Figure 2, would then be used across all component carriers configured for CA, i.e. for all carriers sharing the same MAC entity regardless of the Numerology or TTI used on the different CC. When in active mode, the UE operates and monitors PDCCH according to its monitoring pattern as explained in [1] and out of the scope for this paper. But it is our belief that with the possibility to reconfigure the C-DRX configuration, i.e. the short DRX cycle, Long DRX cycle, onDuration and drxInactivityTimer gains will be seen in terms of reduced latency and increased bitrates, as shown in the discussion below, and at the same time increase the UE battery lifetime.
Drawbacks in existing LTE C-DRX framework
In the LTE framework for C-DRX is it only possible to reconfigure the C-DRX configuration by using RRC signalling. In some scenarios, this is inadequate due to both a large overhead and the time elapsed before the reconfiguration is complete. For example, when the UE has sent a measurement report during a handover procedure, it is important that the UE does not fall asleep too quickly since it may then miss a potential HO-command. In this case, the UE should be reconfigured with a relatively long inactivity timer.
If the NW is allowed to quickly reconfigure the UE with new DRX settings using other means than RRC signalling, the success rate for the HO will increase and at the same time speed up the entire HO process.
Active services dependent DRX
Different services might call for DRX cycles of different lengths. For example, for voice traffic the UE needs to wake up frequently to meet the delay requirements for voice traffic. But after a voice packet has been sent/received the UE can fall asleep quickly because most likely nothing needs to be sent until the next voice packet arrives. On the other hand, FTP traffic is not as delay-sensitive as voice and a long DRX period is better to allow the UE to sleep as much as possible. But when FTP traffic has been active, it is good to stay awake a while after to see if more data should be transmitted, e.g. TCP-ACKs or another file transfer, etc. We don't want to make the UE go to sleep quickly after FTP traffic has been sent since in that case a TCP-ACK may be delayed a whole DRX-period which hurts TCP-throughput.
Things become a bit more complicated when the UE has several types of traffic active. For example, if the UE has both FTP traffic and voice traffic ongoing neither the "voice DRX" nor the "FTP DRX" may be suitable. This is shown below where FTP bitrate is plotted for three different DRX settings;
· No DRX - the UE is continuously active
· FTP DRX - long DRX period with long inactivity 
· Voice DRX - short DRX period with short inactivity
We see that DRX configuration has a big impact on the FTP bitrate. Of course, having no DRX at all gives the highest throughput, but power consumption will suffer so this is not preferable. For "FTP DRX" the throughput is roughly the same but now the UE may sleep and hence save power. Using the "Voice DRX" significantly reduces the FTP bitrate. The reason for this is that the UE moves too quickly to sleep state after some packets has been sent to the UE and hence the eNB cannot send further packets to that UE until (in worse case) 40ms later.
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[bookmark: _Ref484694871]Figure 3	The average FTP rate for various DRX configurations.
To summarize the above, to select DRX pattern based only on which bearers are up may not be a good idea since a suitable DRX pattern depends on which traffic is active for the UE. E.g. when the UE has a voice call and an FTP transfer ongoing at the same time, neither a DRX configured suitable for voice, nor a DRX configuration suitable for FTP may be the best choice.
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DRX considering different traffic
If the UE has transmitted e.g. a voice packet, it is likely wanted that the UE quickly falls asleep to save power since no more data is expected until the next voice packet is expected. And hence the UE should be configured with a relative short inactivity timer.
How long inactivity timer the UE should apply depends on which traffic the UE has available. One way to ensure that the UE is awake to receive a response to an uplink transmission is to always configure a long inactivity timer value for the UE, but this wastes UE power in case the UE has voice to transmit. So it would be beneficial to configure the inactivity timer dependent on the traffic.
It is clear that different traffic or different traffic mixes will require different DRX configurations to allow for optimized DRX behavior. It would therefore be beneficial if different DRX parameter settings can be configured depending on what traffic that is currently running. The eNB could then choose amongst different available DRX configurations that would be most optimal for the current traffic mix and configure the UE accordingly. If the characteristics of the traffic changes, the eNB could reconfigure the UE with new DRX parameters.
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Number of DRX cycles
In LTE the UE can be configured with two DRX periodicities or cycles. The reason to have two periodicities is that if the UE recently transmitted data there is a higher probability that the UE will transmit more data soon. Therefore, one short DRX cycle is optionally used if the UE recently was active which ensures that if more data arrives the delay to transmit this data would be low. But if the UE has not been transmitting data for a longer while the UE can apply a longer periodicity and hence could sleep longer between monitoring the PDCCH.
The similar approach has been taken in NR and RAN2 has agreed the second DRX cycle (the short DRX cycle) is optional.  The question then is whether RAN2 should settle with two DRX cycles or if the current framework should be made generic allowing for more than two C-DRX cycles?
However, no useful argument or valid use case have been presented to support more than two C-DRX cycles in NR and the existing configuration possibilities seems to be adequate even for NR.
Therefore, we propose that the same framework can be used in LTE as for NR, i.e. that the UE is given a periodicity and a timer which, upon expiry, triggers the UE to start applying a lower level periodicity, and that it is enough with two C-DRX cycles in NR. 
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We propose:
Proposal 1	Extend RRC configuration to support multiple DRX configurations using dedicated signalling. Only one DRX configuration is active at a time.
Proposal 2	Extend MAC functionality to support switching between DRX configurations by using MAC CEs.
Proposal 3	Two C-DRX cycles are supported in NR.
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