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Introduction
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 implement the DRX functionality in NR.
Discussion
Background
Different RRC states and/or “modes” are designed taking into account different performance and cost aspects in both the UE and the network, as well as different trade-offs among these aspects. Some of these parameters are, for instance: traffic characteristics, resource utilization, network access delay, mobility, and energy consumption.
As a general rule, a UE that has more or less constant traffic may be better placed in Connected Mode; while a UE which has sporadic or infrequent transmissions may be better placed in a more energy efficient state/mode. Within each of these states/modes, there may be different mechanisms to achieve even more different levels of energy efficiency. Figure 1 shows the different power saving options which LTE offers and what may be one option for NR.


[bookmark: _Ref465251035]Figure 1	The different power saving options for LTE.
The reason of having a UE in Connected Mode is because there is data to be transmitted or expected to be transmitted in a very short period of time. When the UE has been inactive for a “long” period of time, the UE is better placed into a low power consumption state such as e.g. Idle or Inactive Mode.
It is reasonable to consider to use other state(s)/mode(s) during this period of time when there is no active traffic. If the transitions between a low-power consumption state/mode and a fully Connected Mode are fast and have a low cost (from a signaling point of view), the gains of having a large number of DRX cycles in Connected Mode, having long inactive DRX periods, or other advanced DRX schemes are questionable.
The complexity of Connected Mode DRX is not negligible and potential gains of new enhancements must therefore be superior to the available alternatives. Therefore, when RAN2 looks at possible enhancements for Connected Mode DRX, RAN2 should also consider all other mechanisms and options which may achieve the same goal and may have the same or even more benefits. When doing so, RAN2 should look at the systems as a whole, and avoid introducing functionality in one state/mode which may be available in another state/mode.
[bookmark: _Toc465844067][bookmark: _Toc465845443][bookmark: _Toc465846824][bookmark: _Toc465847329][bookmark: _Toc465851591][bookmark: _Toc465856056][bookmark: _Toc466061405][bookmark: _Toc470713340][bookmark: _Toc470718893][bookmark: _Toc471133644][bookmark: _Toc471133767][bookmark: _Toc471478875][bookmark: _Toc473880479][bookmark: _Toc473924149][bookmark: _Toc477926840][bookmark: _Toc477926929][bookmark: _Toc477941868][bookmark: _Toc478130584]Other states/modes such as inactive or idle mode, should also be considered and compared when introducing further enhancements for Connected Mode DRX.
Considering that the network has the option to reconfigure the DRX cycles and the parameters therein, to command the UE to transit between the DRX cycles, and to reconfigure the UE into different states, we believe that LTE DRX framework is a good baseline which allows flexible and dynamic DRX cycles and configurations to deal with the mixture of services. The support of simultaneous numerologies may, however, require some modifications of the DRX operation. 
We believe that the LTE DRX framework works well and RAN2 has given a lot of attention and thought to how DRX should work. It makes therefore sense to stick to the LTE DRX framework as a baseline for NR.    
[bookmark: _Toc450581857][bookmark: _Toc450581873][bookmark: _Toc450582011][bookmark: _Toc450583695][bookmark: _Toc450585433][bookmark: _Toc450585826]As LTE is used as baseline in NR, the LTE DRX framework is also used as baseline for NR.
[bookmark: _Toc465844068][bookmark: _Toc465332021][bookmark: _Toc465774095]In LTE, the eNB can configure DRX parameters dictating when the UE shall move from short DRX to long DRX. We think the same behavior can be used in NR.
[bookmark: _Toc465846826][bookmark: _Toc465847331][bookmark: _Toc465851593][bookmark: _Toc465856058][bookmark: _Toc466061407][bookmark: _Toc470713341][bookmark: _Toc470718894][bookmark: _Toc471133645][bookmark: _Toc471133768][bookmark: _Toc471478876][bookmark: _Toc473880480][bookmark: _Toc473924150][bookmark: _Toc477926841][bookmark: _Toc477926930][bookmark: _Toc477941869][bookmark: _Toc478130585][bookmark: _Toc465844070][bookmark: _Toc465845446][bookmark: _Toc465332022][bookmark: _Toc465774096]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.
[bookmark: _Toc465846827][bookmark: _Toc465847332][bookmark: _Toc465851594][bookmark: _Toc465856059][bookmark: _Toc466061408][bookmark: _Toc470713342][bookmark: _Toc470718895][bookmark: _Toc471133646][bookmark: _Toc471133769][bookmark: _Toc471478877][bookmark: _Toc473880481][bookmark: _Toc473924151][bookmark: _Toc477926842][bookmark: _Toc477926931][bookmark: _Toc477941870][bookmark: _Toc478130586]The network should use RRC signaling to initially configure the DRX parameters.
In LTE there exists MAC CEs which can be used by the eNB to directly move the UE to DRX (either move it to short DRX or directly to long DRX). This allows the eNB to let the UE sleep if the eNB has no more data to schedule for the UE. We think this should be supported also in NR, but with several DRX configurations the eNB can select which one the UE shall apply.
[bookmark: _Toc465774098][bookmark: _Toc465332024][bookmark: _Toc465844072][bookmark: _Toc465845448][bookmark: _Toc465846828][bookmark: _Toc465847333][bookmark: _Toc465851595][bookmark: _Toc465856060][bookmark: _Toc466061409][bookmark: _Toc470713343][bookmark: _Toc470718896][bookmark: _Toc471133647][bookmark: _Toc471133770][bookmark: _Toc471478878][bookmark: _Toc473880482][bookmark: _Toc473924152][bookmark: _Toc477926843][bookmark: _Toc477926932][bookmark: _Toc477941871][bookmark: _Toc478130587]Reuse LTE functionality to allow MAC CEs to be used to select between short/long DRX cycles in NR.
Design of DRX
[bookmark: _GoBack]In LTE, the C-DRX states are tied to MAC entities. This means that in cases where a UE has more than one MAC entity such as in DC, the DRX configurations are done separately for each MAC entity. In cases when the UE is configured with CA, i.e. connected to several carriers but still uses only one MAC entity, the same DRX configuration is applied over all carriers. In NR we also have support of Multi Connectivity (e.g. NR-NR and LTE-NR) and CA (within NR) which potentially opens up for different ways of implementing the DRX operation. In NR with Multi connectivity, several MAC entities will exist and the UE will be capable of transmission/reception from more than one eNB using different technologies and perhaps with different numerologies. Therefore, the question how to design the DRX arises. 
The main purpose of the DRX procedure is to save energy in the UE to extend the battery lifetime by allowing the UE to sleep when not monitoring the PDCCH. However, this comes with a cost of increased latency when the network has data for the UE. Depending on how the DRX states are designed and how they are realized in the UE, the energy saving and latency will be affected but also the complexity. These considerations should be taken into account when deciding on how to implement DRX in NR.
A key property is the DRX state, i.e., Active time. For this discussion we think the DRX state describes the level of battery saving used which in turn corresponds to how often PDCCH is monitored. In LTE the DRX state corresponds to one of two DRX cycles, short and long, and being in active time. The DRX state can be implemented in various entities of the UE. Below we look at different possibilities to implement DRX in NR and analyze some pros and cons for the different possibilities.
One DRX state per UE
For the Single Connectivity case the UE will have only one MAC entity and thus one DRX state per UE as in LTE. For the Multi connectivity case with more than one MAC entity, all MAC entities in the UE would be forced to use the same DRX state to maximize power saving. This would be both more complicated and less efficient than if designed as in LTE with DRX state per MAC entity. For example, if one leg transmits (and hence causing a change of DRX state), the other MAC also needs to change its DRX state. For efficiency reasons it may not be optimal that when the MeNB schedules the UE but the SeNBs do not, then the UE needs to wake up on the SeNBs, although it would be enough to be awake with respect to the MeNB. This implementation of the DRX state of actively monitoring on all cells would waste power with no flexibility in the DRX configuration across different MAC entities. Thus, different traffic running on MeNB and SeNBs could not gain from different DRX configurations and would be penalized in both latency and energy savings.
[bookmark: _Toc466019341]One DRX state per UE is neither energy nor latency efficient. 
DRX state per Logical Channel or Numerology
Since different traffic types typically are mapped to different Logical Channels and/or different numerologies, it could seem as a plausible alternative to have a DRX state per LCH or DRX state per numerology. However, since a DRX state is about actively monitoring the PDCCH regardless of the numerology used or which LCH the traffic is using, this is not applicable. 
This should however not be confused with e.g. having different DRX timer configurations that are suitable for different traffic types, i.e. per LCH. 
[bookmark: _Toc465671602][bookmark: _Toc466019342]One DRX state per Logical Channel or one DRX state per Numerology is not applicable.
DRX state per Cell/Carrier
A DRX state per Carrier could be of interest since it could save energy in the UE for the carriers that do not need to be awake when only one carrier is scheduled on the PDCCH. However, it should be assumed that for CA when the UE has been assigned carriers in both the PCell and SCell(s), all carriers should be scheduled for transmission. In case not all carriers are used, the SCell Activation/Deactivation procedure in the eNB should be used to deactivate the unused SCells. This would result in a UE power saving exceeding the power saving as accomplished by having a DRX on the unused carriers.
A major drawback with having a DRX state per carrier would be the complexity and increase in latency. The eNB would need to know whether a UE is awake or asleep with respect to each carrier. Also, in order to wake the UE up on all carriers the eNB must schedule the UE on all carriers. Hence, to get all the carriers up and running, the eNB needs to wait for the onDuration for each carrier before it can send the scheduling assignment on each PDCCH. This would of course both decrease the rate for the data to be transmitted and increase the total time needed to finish the transmission.
[bookmark: _Toc465671604][bookmark: _Toc466019343]One DRX state per Carrier/Cell would be both complex and increase the latency/decrease the bit rate as experienced by the user with no obvious power savings. 
DRX state per MAC entity
A DRX state per MAC entity would be to reuse the existing LTE DRX framework for NR regardless if CA or MC are considered. In DC for example, two DRX states would exist and the UE would monitor the PDCCH on both the MeNB and the SeNB separately. 
If the UE is activated by an assignment sent on the PDCCH on the MeNB, it will start monitoring all carriers assigned on MeNB but maintain its DRX state on the SeNB and thereby potentially save energy and reduce latency compared to the DRX state per Carrier. It would at the same time offer an increased flexibility compared to the DRX per UE as both MAC entities would be configured independently. It would also be enough for the eNB to keep track of one set of DRX parameters per MAC entity instead of several which would be the case for DRX state per carrier which would give a reduction in complexity. This solution is also less complex than the solution with DRX state per UE as the need to coordinate DRX settings between SeNB and MeNB is reduced.
[bookmark: _Toc466019344]One DRX state per MAC entity would be more power efficient, have a reduced latency and be less complex if compared to DRX state per Carrier or DRX state per UE.
[bookmark: _Toc470713344][bookmark: _Toc470718897][bookmark: _Toc471133648][bookmark: _Toc471133771][bookmark: _Toc471478879][bookmark: _Toc473880483][bookmark: _Toc473924153][bookmark: _Toc477926844][bookmark: _Toc477926933][bookmark: _Toc477941872][bookmark: _Toc478130588]A MAC entity in NR can only be in one DRX state at any given time.
[bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We propose:
Proposal 1	Other states/modes such as inactive or idle mode, should also be considered and compared when introducing further enhancements for Connected Mode DRX.
Proposal 2	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.
Proposal 3	The network should use RRC signaling to initially configure the DRX parameters.
Proposal 4	Reuse LTE functionality to allow MAC CEs to be used to select between short/long DRX cycles in NR.
Proposal 5	A MAC entity in NR can only be in one DRX state at any given time.
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