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[bookmark: _Ref477940125]Introduction
In this document we discuss enhancements for the DRX framework for 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. In NR, it is still expected that the system has mechanisms which allow the UE to reduce its energy consumption and it is important to decide how to design and perhaps optimize DRX while still efficiently supporting the different services for NR.
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. 
While some enhancements might be needed for Connected Mode DRX to assist the UE to decrease its energy consumption, it needs to be considered that improvements cannot only look at the UE power consumption. The DRX framework should result in a fair trade-off among different key aspects such as power consumption, delay, UE and network complexity, or the network resources management.
DRX Enhancements for NR
In this section we describe enhancements to the LTE DRX that are applicable to NR.
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) 40 ms later.
[bookmark: _Toc450581858][image: ]
Figure 1	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
In some cases, such as 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 configured with a relatively long inactivity timer. On the other hand, 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.
[bookmark: _Toc462061527][bookmark: _Toc462865402]There are various ways how this can be realized. Configurations of timers are typically part of RRC signaling and we see no reason to change this. The current traffic mix may change rapidly which suggests that such commands should be handled by MAC CEs, which in turn suggests that the UE is configured in advance over RRC with a set of DRX configurations that may then be "activated" by MAC.
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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 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.
We assume that the same approach should be taken in NR where more than one periodicity should be supported but 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 twoG DRX cycles?
If we extend the current framework to support three periodicities for example the UE could first (just after having received something) have a very short periodicity such as 10 ms. However, if the UE has not been active for a while the UE could start using a longer periodicity such as 80 ms. But if still the UE does not receive any data the UE could be allowed to go in to an ever deeper sleep by applying a very long DRX cycle, e.g. in the order of seconds. On the other hand, in that case perhaps it is better to put the UE in idle mode instead. But then again there may be applications in MTC where very long DRX could be useful.
We assume 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 when the timer for that level expires the UE moves to the next level, and so on. 
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[bookmark: _Ref473712218]Wake-Up schemes
It has been proposed in [1] to use a wake-up scheme to further reduce the energy consumption for the UE when in connected mode DRX. Two different schemes have been proposed, blind WU scheme and smart WU scheme. 
The UE is supposed to get a very short and energy efficient notification in the DRX cycle preceding the data transfer. In this way the energy saving would be twofold; the UE would only need to listen a short period of time to receive the WU signal as opposed to listen to the entire onDuration time, and, the receiver used to be able to receive this WU signal would not need the ramp up and ramp down energy consumption. The cost for this energy saving would be:
· A delay since the WU signal would be sent during a first DRX cycle and then, the assignment, in the next DRX cycle; 
· This wake-up scheme seems to require a new receiver to be used for this WU signal and used in parallel with the main receiver. 
The cost and complexity for this additional receiver is not analyzed in [1] and should preferably be analyzed in RAN1/RAN4 see also [2]. If an evaluation shows that the cost and extra complexity are acceptable, RAN2 could then evaluate possible gains of using this scheme. 
[bookmark: _Toc473880488][bookmark: _Toc473924158][bookmark: _Toc477934452][bookmark: _Toc477935222][bookmark: _Toc478028498][bookmark: _Toc478130357][bookmark: _Toc478151997]The cost and complexity for this additional receiver should be analyzed in RAN1/RAN4. If the evaluation shows that the cost and extra complexity are acceptable, RAN2 could then evaluate possible gains by using this scheme.
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We propose:
[bookmark: _GoBack]Proposal 1	Extend RRC configuration to support multiple DRX configurations using dedicated signaling. 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	More than two DRX cycles should be supported in NR.
Proposal 4	The cost and complexity for this additional receiver should be analyzed in RAN1/RAN4. If the evaluation shows that the cost and extra complexity are acceptable, RAN2 could then evaluate possible gains by using this scheme.
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