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Introduction
This contribution discusses the NR DRX concept for UEs in RRC_IDLE state and in the RAN controlled RRC_INACTIVE state.

[bookmark: _Ref178064866]Discussion
Existing LTE framework
The idle mode DRX mechanism in LTE is a means for the UE to reduce power consumption and by that extend the battery lifetime. This is achieved by allowing the UE to discontinuously monitor the paging channel in the serving cell at predetermined intervals.
The time intervals in which the UE monitors the paging channel is configured by the network and signalled to the UE in system information. Optionally the UE can request for a shorter DRX cycle during the Attach and/or TAU procedure. If the UE does not request for a dedicated DRX cycle, the default DRX cycle as defined in the serving cell shall be used by the UE.
[bookmark: _Toc462181511][bookmark: _Toc462223527][bookmark: _Toc462224400][bookmark: _Toc462317720][bookmark: _Toc462338530][bookmark: _Toc462338556][bookmark: _Toc462349223][bookmark: _Toc462349372][bookmark: _Toc462349463]In LTE the UE can either use the DRX cycle defined for the serving cell or request for an individual DRX cycle.
The DRX cycle is configured as number of radio frames between paging frames in which the UE may receive a page from the network. In LTE four DRX cycles are supported from 320 milliseconds up to a maximum of 2,56 seconds between the paging occasions.
In order to further reduce UE power consumption for applications characterized by mobile terminating traffic without strict latency requirements, the DRX cycle can be further extended to approximately 44 minutes by means of the optional Rel-13 feature extended DRX (eDRX). However, the use of the extended DRX feature requires eDRX support in both the UE and in the network.
[bookmark: _Toc462349373][bookmark: _Toc462349464][bookmark: _Toc450581075][bookmark: _Toc450581852][bookmark: _Toc450582006][bookmark: _Toc450585430][bookmark: _Toc450585823][bookmark: _Toc450846691][bookmark: _Toc450848948][bookmark: _Toc450849010][bookmark: _Toc450932051][bookmark: _Toc450932394][bookmark: _Toc450952796][bookmark: _Toc458529981][bookmark: _Toc458774468][bookmark: _Toc462181512][bookmark: _Toc462223528][bookmark: _Toc462224401][bookmark: _Toc462317721][bookmark: _Toc462338531][bookmark: _Toc462338557][bookmark: _Toc462349224]DRX in idle state can be used to extend UE battery lifetime, but will increase latency.
[bookmark: _Toc462349225]The (e)DRX cycle selected by the UE is negotiated with the Core Network in the Attach and/or TAU procedures and provided to the eNB in the S1AP paging message.
NR considerations for RRC_IDLE state
The concept of DRX allows the UE in idle state to discontinuously monitor the paging channel as a means to reduce its power consumption and by that extend the battery lifetime. It is well known that DRX cycles in the longer intervals will make a huge difference for the power consumption in the UE over time. This is seen as a crucial quality for many applications making use of cellular IoT services that are not dependent on low latency.
Also in NR it is expected that various type of UEs will have different requirements on power savings and latency, thus a wide range of DRX intervals will likely be needed from day one. The specifications should therefore allow for a range of DRX cycles corresponding to at least the full LTE (e)DRX cycle range so that a suitable interval can be selected per UE based on requirements for delay and power savings, etc.
Furthermore, it seems reasonable for the UE in RRC_IDLE to only start a CN negotiation in case the default DRX cycle as defined in the serving cell does not meet the UE requirements on e.g. power savings or latency.
[bookmark: _Toc462181528][bookmark: _Toc462223555][bookmark: _Toc462224241][bookmark: _Toc462261137][bookmark: _Toc462317659][bookmark: _Toc462349540][bookmark: _Toc462349593][bookmark: _Toc462411810][bookmark: _Toc462412039][bookmark: _Toc462903640][bookmark: _Toc462916201][bookmark: _Toc462996498][bookmark: _Toc463038064][bookmark: _Toc465869804][bookmark: _Toc465972223][bookmark: _Toc466057544][bookmark: _Toc469924075][bookmark: _Toc471388704]Use LTE idle mode DRX and eDRX cycle range as a starting point for NR. Whether or not there is a need for even longer DRX cycles can be discussed.

NR considerations for RRC_INACTIVE state
[bookmark: _Toc462181514][bookmark: _Toc462223530][bookmark: _Toc462224403][bookmark: _Toc462317723][bookmark: _Toc462338533][bookmark: _Toc462338559][bookmark: _Toc462349226][bookmark: _Toc462349375][bookmark: _Toc462349465]The current text proposal in the RAN2 TR (R2-168856) defines, among other things, the RRC_INACTIVE state as follows:
-	CN – NR RAN connection (both C/U-planes) has been established for UE;
-	The UE AS context is stored in at least one gNB and the UE;
-	Notification is initiated by NR RAN;
[bookmark: _Toc462181518][bookmark: _Toc462223534][bookmark: _Toc462224407][bookmark: _Toc462317727][bookmark: _Toc462338537][bookmark: _Toc462338563][bookmark: _Toc462349230][bookmark: _Toc462349379][bookmark: _Toc462349469]To be able to notify the UE while in RRC_INACTIVE state, the RAN need to have early access to some UE related information that today (in legacy LTE) is only provided to the RAN at a CN initiated paging. 
Similar to LTE, the idle mode DRX cycle is expected to be negotiated between the UE and the CN in one or more NAS procedures, but in NR the RAN need to be informed of the negotiated idle mode DRX cycle already at the establishment of the CN-RAN connection. The idle mode DRX cycle could therefore be sent to the RAN as part of the UE context setup information.
For the same reason it is also assumed that the UE identity used for the Paging Occasion calculation is sent from the CN to the RAN already at the establishment of the CN-RAN connection and stored in the RAN for the lifetime of the UE context.
[bookmark: _Toc462903642][bookmark: _Toc462916203][bookmark: _Toc462996500][bookmark: _Toc463038065][bookmark: _Toc465869806][bookmark: _Toc465972225][bookmark: _Toc466057546][bookmark: _Toc469924076][bookmark: _Toc471388705]To allow RAN initiated paging, the negotiated idle mode DRX cycle and the UE identity for Paging Occasion calculation need to be known in RAN at e.g. the initial setup of the UE context.
In R2-1700535 [1] we have argued for a mechanism allowing the network to recover in case the UE context for some reason is lost in the RAN for a UE in RRC_INACTIVE state. Whenever data or signalling need to be sent to the UE, the CN will always be able to reach the UE with the paging procedure. This implies that the UE in RRC_INACTIVE state need to monitor and act on a RAN initiated page as well as on a CN initiated page. However, in order not to compromise on UE standby time, the DRX cycle used by the UE in RRC_INACTIVE need to be time aligned with the idle mode DRX cycle used by the UE in RRC_IDLE, enabling the UE to monitor RAN and CN initiated pages at the same time.
For this to work, the Paging Occasion calculation in the CN and in the RAN need to be based on the same formula. 
[bookmark: _Toc462181530][bookmark: _Toc462223557][bookmark: _Toc462224243][bookmark: _Toc462261139][bookmark: _Toc462317661][bookmark: _Toc462349542][bookmark: _Toc462349595][bookmark: _Toc462411812][bookmark: _Toc462412041][bookmark: _Toc462903643][bookmark: _Toc462916204][bookmark: _Toc462996502][bookmark: _Toc463038067][bookmark: _Toc465869808][bookmark: _Toc465972227][bookmark: _Toc466057548][bookmark: _Toc469924077][bookmark: _Toc471388706]For robustness reasons, a UE in RRC_INACTIVE state is reachable from both the RAN and from the CN, which means that the Paging Occasion calculation for RAN and CN initiated paging need to be based on the same formula.
[bookmark: _Toc462223535][bookmark: _Toc462224408][bookmark: _Toc462317728][bookmark: _Toc462338538][bookmark: _Toc462338564][bookmark: _Toc462349231][bookmark: _Toc462349380][bookmark: _Toc462349470]If the UE has negotiated a longer idle mode DRX cycle, e.g. in the range above 10 seconds, the time before the response from the UE (as a result of the RAN initiated page) is received in the CN could be severely delayed with serious consequences for the UE as a result.
Since the CN considers the UE as connected with an “active” RRC connection, hence not being aware of the RAN initiated page and the potential delayed response time from the UE due to in fact a long DRX cycle, this scenario could potentially lead to one or more retransmissions of the data/signalling and in worse case, a CN initiated release of the UE.
For this reason it should be possible for the RAN to assign a shorter DRX cycle for the UE so that the expected UE response time (thus the paging monitoring cycle) will be changed to an “acceptable” level. The RAN decision to change the DRX cycle while in RRC_INACTIVE could e.g. be based on service type request and UE capabilities. The RAN configured DRX cycle is sent to the UE in dedicated signalling, preferably in the same message that will request the UE into RRC_INACTIVE state.
[bookmark: _Toc462223536][bookmark: _Toc462224409][bookmark: _Toc462317729][bookmark: _Toc462338539][bookmark: _Toc462338565][bookmark: _Toc462349232][bookmark: _Toc462349381][bookmark: _Toc462349471]In order for the UE to be reachable also from a CN initiated page, the RAN configured DRX cycle need to be time aligned with the idle mode DRX cycle used by the UE while in RRC_IDLE state. In other words, the RAN configured DRX cycle can be shorter than the idle mode DRX cycle as long as the CN paging monitoring cycle always coincide with one of the RAN paging occasions.
[bookmark: _Toc469924078][bookmark: _Toc471388707]The UE can be configured with a shorter DRX cycle in RRC_INACTIVE state compared to what is negotiated for idle mode as long as the CN paging monitoring cycle always coincide with one of the RAN paging occasions.
[bookmark: _Toc462223537][bookmark: _Toc462224410][bookmark: _Toc462317730][bookmark: _Toc462338540][bookmark: _Toc462338566][bookmark: _Toc462349233][bookmark: _Toc462349382][bookmark: _Toc462349472]The RAN configured DRX cycle is only valid as long as the UE remains in RRC_INACTIVE state (or until it is further changed by the RAN), thus when the UE enters RRC_IDLE state it shall revert to the idle mode DRX cycle previously used for that cell.
[bookmark: _Toc462223560][bookmark: _Toc462224246][bookmark: _Toc462261142][bookmark: _Toc462317664][bookmark: _Toc462349545][bookmark: _Toc462349598][bookmark: _Toc462411815][bookmark: _Toc462412044][bookmark: _Toc462903646][bookmark: _Toc462916207][bookmark: _Toc462996505][bookmark: _Toc463038070][bookmark: _Toc465869811][bookmark: _Toc465972230][bookmark: _Toc466057551][bookmark: _Toc469924079][bookmark: _Toc471388708]The RAN configured DRX cycle is only valid as long as the UE remains in RRC_INACTIVE state.

Conclusion
In this paper we have made the following observations:
Observation 1	In LTE the UE can either use the DRX cycle defined for the serving cell or request for an individual DRX cycle.
Observation 2	DRX in idle state can be used to extend UE battery lifetime, but will increase latency.

Based on the observations and the discussion in section 2.2 and 2.3 we propose the following:
Proposal 1	Use LTE idle mode DRX and eDRX cycle range as a starting point for NR. Whether or not there is a need for even longer DRX cycles can be discussed.
Proposal 2	To allow RAN initiated paging, the negotiated idle mode DRX cycle and the UE identity for Paging Occasion calculation need to be known in RAN at e.g. the initial setup of the UE context.
Proposal 3	For robustness reasons, a UE in RRC_INACTIVE state is reachable from both the RAN and from the CN, which means that the Paging Occasion calculation for RAN and CN initiated paging need to be based on the same formula.
Proposal 4	The UE can be configured with a shorter DRX cycle in RRC_INACTIVE state compared to what is negotiated for idle mode as long as the CN paging monitoring cycle always coincide with one of the RAN paging occasions.
Proposal 5	The RAN configured DRX cycle is only valid as long as the UE remains in RRC_INACTIVE state.
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