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Introduction
In LTE the concept of Discontinuous Reception (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. The DRX cycle, which specifies the paging channel monitoring period, is either UE specific (determined by NAS signalling) or cell specific (by using the default DRX cycle value broadcasted in system information).
At the RAN2#95 meeting it was agreed to study the use of DRX in the new “inactive state” (FFS: To define RAN-based paging DRX cycle which is UE specific) proposed within the Rel-14 Work Item “Signalling reduction to enable light connection for LTE”.
At the same meeting, the need for a similar RAN controlled “inactive state” in NR was identified.
At RAN#95bis it was further agreed, for the scope of the study, to refer to RRC_INACTIVE state for the new “inactive state”.
Since DRX is also expected to be an important part of NR, this contribution elaborates on the DRX concept for UEs in idle state as well as for UEs in the RAN controlled RRC_INACTIVE state.
[bookmark: _Ref178064866]Discussion
Existing LTE DRX 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 e.g. switch off the receiver equipment for a given period of time, or more precisely; to allow the UE to monitor the paging channel in the serving cell at predetermined intervals.
The time intervals in which the UE monitors the paging channel, a.k.a. the DRX cycle, is configured by the network and signalled to the UE in system information (SIB2). Optionally the UE can request for an individual DRX cycle during the Attach and/or TAU procedure as long as the requested DRX cycle is shorter than the default DRX cycle broadcasted in the serving cell. If the UE does not request for a dedicated DRX cycle, the default DRX cycle 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.
In LTE the DRX cycle is configured as number of radio frames between paging frames in which the UE may receive a page from the network. One paging frame corresponds to one radio frame, which may contain one or multiple paging occasion(s). When DRX is used the UE only needs to monitor one paging occasion per DRX cycle.
The DRX cycle can be configured from one out of four predefined values, representing a minimum time interval of 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 (262144 radio frames) 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 then sent to the eNB in the paging request message.
NR considerations for idle state
One of the main purposes with the idle mode DRX concept is to reduce power consumption in the UE 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 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. 
[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]Use LTE idle mode DRX and eDRX cycle range as a starting point for NR. Whether or not there is a need for 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]In RAN2#95 it was agreed to keep the connection (both CP and UP) between the RAN and the Core Network when the UE is requested into the new RRC_INACTIVE state. With this agreement the connection between the RAN and the CN does not need to be setup every time the UE attempts to resume its RRC connection, thus the signalling will be reduced in the network.
[bookmark: _Toc462181515][bookmark: _Toc462223531][bookmark: _Toc462224404][bookmark: _Toc462317724][bookmark: _Toc462338534][bookmark: _Toc462338560][bookmark: _Toc462349227][bookmark: _Toc462349376][bookmark: _Toc462349466][bookmark: _Toc462181517][bookmark: _Toc462223533][bookmark: _Toc462224406][bookmark: _Toc462317726][bookmark: _Toc462338536][bookmark: _Toc462338562][bookmark: _Toc462349229][bookmark: _Toc462349378][bookmark: _Toc462349468]Keeping the CN/RAN connection when the UE suspends its RRC connection basically means that the UE will be kept in Connected state in the CN regardless whether the UE is in RRC CONNECTED (active) or in fact in RRC_INACTIVE state.
[bookmark: _Toc462181518][bookmark: _Toc462223534][bookmark: _Toc462224407][bookmark: _Toc462317727][bookmark: _Toc462338537][bookmark: _Toc462338563][bookmark: _Toc462349230][bookmark: _Toc462349379][bookmark: _Toc462349469]In RAN2#95 it was further agreed to use “a RAN initiated notification procedure” to reach the UE in “the new state” and that “notification related parameters should be configured by RAN itself”.
Assuming the “RAN initiated notification procedure” is synonymous with a RAN initiated page, the UE will typically receive and act on the RAN initiated page while being in RRC_INACTIVE state. However, as discussed in [1], there are also benefits if the UE is reachable from the CN in the RRC_INACTIVE state, enabling the RAN to release the CN/RAN connection without notifying the UE (while in RRC_INACTIVE).
This would provide network flexibility and increased robustness in the network if e.g. the UE context is lost for some reason, but it will also put requirements on the Paging Occasion (PO) calculation in the CN and in the RAN as the calculations in the two nodes need to be based on the same formula.
[bookmark: _Toc465869805][bookmark: _Toc465972224][bookmark: _Toc466057545]For robustness purposes, a UE in RRC_INACTIVE state is reachable from both the RAN and the CN, which means that the PO calculation in the two nodes need to be based on the same formula.
Likewise to LTE, the idle mode DRX cycle is expected to be negotiated between the UE and the CN but in opposite to legacy LTE the RAN need to be informed of the negotiated DRX cycle at an early stage (e.g. at the UE context setup) in case a RAN initiated page is triggered after e.g. a MO connection setup. For the same purpose it is also assumed that the UE paging identity for PO calculation is sent from the CN and stored in the RAN for the lifetime of the UE context.
It shall be observed that a similar issue also exists within the Rel-14 WI “Signalling reduction to enable light connection for LTE”.
[bookmark: _Toc462903642][bookmark: _Toc462916203][bookmark: _Toc462996500][bookmark: _Toc463038065][bookmark: _Toc465869806][bookmark: _Toc465972225][bookmark: _Toc466057546]To allow RAN initiated paging, the negotiated DRX cycle and the UE paging identity need to be known in RAN at e.g. the initial setup of the UE context.
Given that the UE power efficiency in RRC_INACTIVE state can be on par with RRC idle state in ECM idle, it should be discussed if by having sufficient long DRX cycles (see Proposal 1) any additional power saving functionality, e.g. similar to LTE Power Saving Mode (PSM), needs to be supported.
[bookmark: _Toc462996501][bookmark: _Toc463038066][bookmark: _Toc465869807][bookmark: _Toc465972226][bookmark: _Toc466057547]Discuss if by having sufficient long DRX cycles any additional power saving functionality, e.g. similar to LTE PSM, needs to be supported.
To be able to support the scenario when the CN/RAN connection is released without notifying the UE (e.g. for the purpose of increased robustness, see above), a fall back to a CN initiated page should be supported in which an UE in RRC_INACTIVE state is able to monitor and act on a CN initiated page. For this reason, 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 idle state, enabling the UE to monitor both RAN and CN initiated pages.
[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]While in RRC_INACTIVE state, the DRX cycle used by the UE should enable monitoring of RAN and CN initiated pages.
[bookmark: _Toc462223535][bookmark: _Toc462224408][bookmark: _Toc462317728][bookmark: _Toc462338538][bookmark: _Toc462338564][bookmark: _Toc462349231][bookmark: _Toc462349380][bookmark: _Toc462349470]If the UE while in idle state has selected a longer DRX cycle in e.g. the range of minutes (see proposal 1), the resume of the RRC connection (i.e. triggered by the UE at a RAN initiated page) could be severely delayed when the UE is in RRC_INACTIVE state. Since the CN considers the UE as connected, hence not being aware of the RAN initiated page and the potential delayed response time from the UE due to a long DRX cycle, this scenario could eventually lead to a CN initiated release of the UE.
For this reason it should be possible for the RAN to change the DRX cycle for a given UE, e.g. when the   suspend request is sent to the UE, so that the paging monitoring cycle (thus the expected UE response time) will be changed to an “acceptable” level. 
[bookmark: _Toc462181531][bookmark: _Toc462223558][bookmark: _Toc462224244][bookmark: _Toc462261140][bookmark: _Toc462317662][bookmark: _Toc462349543][bookmark: _Toc462349596][bookmark: _Toc462411813][bookmark: _Toc462412042][bookmark: _Toc462903644][bookmark: _Toc462916205][bookmark: _Toc462996503][bookmark: _Toc463038068][bookmark: _Toc465869809][bookmark: _Toc465972228][bookmark: _Toc466057549]It shall be possible for the RAN to configure the UE with a shorter DRX cycle in RRC_INACTIVE state compared to what is negotiated by NAS.
[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 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: _Toc462223537][bookmark: _Toc462224410][bookmark: _Toc462317730][bookmark: _Toc462338540][bookmark: _Toc462338566][bookmark: _Toc462349233][bookmark: _Toc462349382][bookmark: _Toc462349472]The RAN configured DRX cycle only need to be valid as long as the UE remains in RRC_INACTIVE state, thus when the UE enters idle state the UE shall revert to the idle mode DRX cycle previously used for that cell.
[bookmark: _Toc462223559][bookmark: _Toc462224245][bookmark: _Toc462261141][bookmark: _Toc462317663][bookmark: _Toc462349544][bookmark: _Toc462349597][bookmark: _Toc462411814][bookmark: _Toc462412043][bookmark: _Toc462903645][bookmark: _Toc462916206][bookmark: _Toc462996504][bookmark: _Toc463038069][bookmark: _Toc465869810][bookmark: _Toc465972229][bookmark: _Toc466057550]An UE can be configured with a shorter DRX cycle in RRC_INACTIVE state as long as the CN paging monitoring cycle always coincide with one of the RAN paging occasions.
[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]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 longer DRX cycles can be discussed.
Proposal 2	For robustness purposes, a UE in RRC_INACTIVE state is reachable from both the RAN and the CN, which means that the PO calculation in the two nodes need to be based on the same formula.
Proposal 3	To allow RAN initiated paging, the negotiated DRX cycle and the UE paging identity need to be known in RAN at e.g. the initial setup of the UE context.
Proposal 4	Discuss if by having sufficient long DRX cycles any additional power saving functionality, e.g. similar to LTE PSM, needs to be supported.
Proposal 5	While in RRC_INACTIVE state, the DRX cycle used by the UE should enable monitoring of RAN and CN initiated pages.
Proposal 6	It shall be possible for the RAN to configure the UE with a shorter DRX cycle in RRC_INACTIVE state compared to what is negotiated by NAS.
Proposal 7	An UE can be configured with a shorter DRX cycle in RRC_INACTIVE state as long as the CN paging monitoring cycle always coincide with one of the RAN paging occasions.
Proposal 8	The RAN configured DRX cycle is only valid as long as the UE remains in RRC_INACTIVE state.
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