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Introduction
Following text related to CN-initiated paging and the paging DRX cycle for a UE in RRC_IDLE state is captured in 3GPP TR 38.804 [1].
The UE in RRC_IDLE and RRC_INACTIVE states may use Discontinuous Reception (DRX) in order to reduce power consumption.
-	Paging DRX cycle length is configurable;
-	A default DRX cycle for CN paging is configurable via system information;
-	A UE specific DRX cycle for CN paging is configurable via UE dedicated signaling;

This contribution, which is a revision of R2-1711367, discusses some further aspects on the NR DRX concept for UEs in RRC_IDLE state.
[bookmark: _Hlk489879766]In addition, in an LS from SA2 on Supported features by 5GC for E-UTRA connected to 5G CN [2], a question is raised to RAN2 on expected maximum DRX value for NR in Release 15.
A draft LS response, based on the discussion in this paper, is provided in [3].
[bookmark: _Ref178064866]Discussion
Existing LTE framework
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. The concept is based on the System Frame Number (SFN), a 10-bit value broadcasted in each cell (8 bits in system information (MIB) and 2 bits implicitly acquired by the UE in the PBCH decoding). Four DRX cycles were originally 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 Rel-13 extended DRX (eDRX) feature enables a UE to further extend its DRX cycle up to 44 minutes (2621.44 seconds). To be able to extend the DRX cycle beyond 10.24 seconds, the Hyper SFN (H-SFN) concept was introduced. The H-SFN 10-bit value is broadcast in system information (SIB1) and is incremented by one each time the SFN wraps around.
Additionally, in the Rel-13 work related to NB-IoT, the DRX cycles was further extended to fully utilize the value range of H-SFN, i.e. to a maximum of 2.91 hours.
[bookmark: _Toc462349373][bookmark: _Toc462349464][bookmark: _Toc480966846][bookmark: _Toc480988417][bookmark: _Toc481140131][bookmark: _Toc481152591][bookmark: _Toc481481104][bookmark: _Toc481668517][bookmark: _Toc481773785][bookmark: _Toc481774112][bookmark: _Toc485050468][bookmark: _Toc485419498][bookmark: _Toc485419536][bookmark: _Toc490143690][bookmark: _Toc490149988][bookmark: _Toc490155897][bookmark: _Toc490231745][bookmark: _Toc490262225][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]The DRX value range has been extended in Rel-13 to meet new UE requirements on e.g. power consumption reduction.
[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. With the introduction of the Light Connection concept, the UE selected DRX cycle is also provided to the eNB at the establishment of the CN-RAN connection (i.e. as part of the UE context setup information) to enable RAN paging.
Considerations for NR
SFN and DRX cycle range
At the RAN2 Adhoc meeting in June the content of the NR minimum system information (NR-MIB) and the System Frame Number (corresponding to LTE System Frame Number, SFN) derived from the NR-MIB was discussed. A RAN2 assumption was taken and communicated to RAN1 [4] in which RAN2 assumes the same SFN length can be derived from NR-PBCH (NR-MIB) as in LTE.
In LTE the SFN consists of 10 bits in total, 8 bits explicitly included in MIB (in the systemFrameNumber field) and 2 bits implicitly carried by the physical layer. Whether the same partition between explicit and implicit SFN-bits will also apply for NR, is expected to be discussed in RAN1.
The SFN-length of 10 bits allows for a maximum DRX cycle of 10.24 seconds. Longer DRX cycles, up to 2.91 hours, are in LTE supported by means of the Hyper SFN concept, a bit string consisting of 10 bits provided in SIB1.
Also in NR it is expected that various types of UEs will have different requirements on power savings and latency, thus a wide range of DRX intervals similar to what is defined in LTE will likely be needed in NR over time. Assuming NR will need to support at least the same DRX cycle range as in LTE (eDRX and NB-IoT DRX cycle range included), a similar frame number structure as defined in LTE (SFN extended with H-SFN) is likely to be needed and to be provided in NR system information in due time. Besides, provided a NR radio frame will be equally long as an LTE radio frame, it also seems practical to define the same frame number value range in NR as in LTE.
However, given that SA2 does not intend to work on any CN (5GC) enhancements related to support of extended DRX within the timeframe of Rel-15 (ref. incoming LSs from SA2 in [2] and [5]), the need for a Hyper SFN concept in NR system information is not that urgent, hence the specification work related to a potential H-SFN concept can be postponed until Rel-16.
Note: It is assumed that extended DRX is referring to the E-UTRA definition of the feature, i.e. a NAS negotiated paging cycle from 10.24 seconds and beyond valid for a UE in idle mode.
Considering the RAN2 assumption of a SFN consisting of 10 bits [4], it is reasonable to already in the present release support a DRX cycle that utilize the full SFN length, i.e. a maximum paging DRX cycle of 10.24 seconds. The shorter DRX cycles of 5.12, 2.56 seconds etc. down to 320 milliseconds “comes for free” and should hence also be supported in Rel-15.
[bookmark: _Toc481068819][bookmark: _Toc481139506][bookmark: _Toc481140412][bookmark: _Toc481140997][bookmark: _Toc481152584][bookmark: _Toc481481107][bookmark: _Toc481488661][bookmark: _Toc481773788][bookmark: _Toc481774114][bookmark: _Toc485050475][bookmark: _Toc485419509][bookmark: _Toc485419540][bookmark: _Toc489882011][bookmark: _Toc490143807][bookmark: _Toc490149992][bookmark: _Toc490155901][bookmark: _Toc490231749][bookmark: _Toc490262228]A frame number structure consisting of 10 bits is provided in NR system information, i.e. no additional system frame number information (H-SFN or similar) is needed in Rel-15. An extension to at least 20 bits in total should however be supported in later releases.
[bookmark: _Toc490143693][bookmark: _Toc490143711][bookmark: _Toc490143767][bookmark: _Toc490143808][bookmark: _Toc490149993][bookmark: _Toc490155902][bookmark: _Toc490231750][bookmark: _Toc490262229]NR to support a maximum paging cycle length of 10.24 seconds in Rel-15.
In LTE, a default DRX cycle (defaultPagingCycle) is broadcasted in SIB2 with any of the values 32, 64, 128 or 256 radio frames. The default DRX value range has not been extended since the introduction of the DRX service in Rel-8, although the SFN derived from MIB would potentially allow for a definition of longer DRX cycles. The defaultPagingCycle in SIB2 is also used to calculate the modification period for system information, see further section 2.2.2.
Since the LTE default DRX value range has been left unchanged since Rel-8, it could easily be understood as there is no need for longer default DRX values. From this point of view, it seems logical to define the same upper DRX default value in NR as in LTE, i.e. 256 radio frames.
It is likely of small use (or of no use at all) to define a shorter default DRX cycle than 32 radio frames, at least for a UE in RRC_IDLE state.
For this reason, we propose to define the same default paging cycles in NR as is defined in LTE.
[bookmark: _Toc485050477][bookmark: _Toc485419511][bookmark: _Toc485419542][bookmark: _Toc489882013][bookmark: _Toc490143694][bookmark: _Toc490143712][bookmark: _Toc490143768][bookmark: _Toc490143809][bookmark: _Toc490149994][bookmark: _Toc490155903][bookmark: _Toc490231751][bookmark: _Toc490262230]NR to support four default paging cycles of 32, 64, 128 and 256 radio frames to be broadcast in system information.

Implications from longer DRX cycles
As agreed at the first RAN2-NR Adhoc meeting, a default DRX cycle is provided in system information in each NR cell. If the default DRX cycle broadcasted in the serving cell does not meet e.g. the UE power saving requirements, the UE can request for a longer DRX cycle in the value range as discussed in section 2.2.1 above.
Likewise, if the default DRX cycle broadcasted in the serving cell is not the shortest possible DRX cycle and the default DRX cycle does not meet e.g. the UE latency requirements, the UE can request for a shorter DRX cycle.
The UE request for an individual DRX cycle is sent in a NAS message corresponding to the Attach Request and Tracking Area Update Request messages to the CN (5GC). The UE selected DRX cycle is then provided to the gNB in the paging message and at the establishment of the 5GC-RAN connection (e.g. as part of the UE context setup information) to enable RAN paging while the UE is in RRC_INACTIVE state.
[bookmark: _Toc480966850][bookmark: _Toc480966865][bookmark: _Toc480966887][bookmark: _Toc480988414][bookmark: _Toc481068822][bookmark: _Toc481139509][bookmark: _Toc481140415][bookmark: _Toc481141000][bookmark: _Toc481152587][bookmark: _Toc481481110][bookmark: _Toc481488664][bookmark: _Toc481773791][bookmark: _Toc481774117][bookmark: _Toc485050478][bookmark: _Toc485419512][bookmark: _Toc485419543][bookmark: _Toc489882014][bookmark: _Toc490143695][bookmark: _Toc490143713][bookmark: _Toc490143769][bookmark: _Toc490143810][bookmark: _Toc490149995][bookmark: _Toc490155904][bookmark: _Toc490231746][bookmark: _Toc490262226]If the default DRX cycle broadcasted in the serving cell does not meet the UE requirements of e.g. power saving or latency, the UE may request for a UE specific DRX cycle in a NAS message to the CN (5GC).
With the future support of longer DRX cycles above 10.24 seconds, the time interval in which the UE does not monitor the paging channel may be considerably long, in the maximum case up to almost 3 hours. Consequently, if the network for some reason cannot reach the UE at its paging occasion, the network has to wait for a complete DRX cycle before it may try to reach the UE once again. This may have impacts to applications/functions that need to communicate to the UE, as well as to the applications/functions running in the UE of course.
In LTE this issue was solved by the Paging Time Window (PTW), a time interval in which the UE monitors the paging channel. The UE knows the frame number, and the time interval within this frame number, where it has to monitor the paging channel. With the definition of longer DRX cycles (above 10.24 seconds) in NR, it seems likely that a similar concept as the LTE PTW is also needed in NR.
[bookmark: _Toc485050479][bookmark: _Toc485419513][bookmark: _Toc485419544][bookmark: _Toc489882015][bookmark: _Toc490143696][bookmark: _Toc490143714][bookmark: _Toc490143770][bookmark: _Toc490143811][bookmark: _Toc490149996][bookmark: _Toc490155905][bookmark: _Toc490231752][bookmark: _Toc490262231]UE specific Paging Time Windows, in which the UE monitors the paging channel, should be introduced when support of longer DRX cycles (above 10.24 seconds) is introduced in NR.
[bookmark: _Hlk485050666]In LTE, change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, a.k.a. system information modification period. When the UE specific DRX cycle is longer than the system information modification period, the UE needs to verify that the stored system information remains valid before establishing an RRC connection. As in LTE, the paging message may contain an indicator informing the UE of a change to the system information. More precisely, the paging message can include an explicit indicator targeting UEs configured with longer DRX cycles than the system information modification period.
Consequently, a UE configured with a longer DRX cycle than the system information modification period shall (as a minimum) acquire the updated system information at the next acquisition period boundary.
[bookmark: _Toc480988415][bookmark: _Toc481068823][bookmark: _Toc481139510][bookmark: _Toc481140416][bookmark: _Toc481141001][bookmark: _Toc481152588][bookmark: _Toc481481111][bookmark: _Toc481488665][bookmark: _Toc481773792][bookmark: _Toc481774118][bookmark: _Toc485050480][bookmark: _Toc485419514][bookmark: _Toc485419545][bookmark: _Toc489882016][bookmark: _Toc490143697][bookmark: _Toc490143715][bookmark: _Toc490143771][bookmark: _Toc490143812][bookmark: _Toc490149997][bookmark: _Toc490155906][bookmark: _Toc490231753][bookmark: _Toc490262232]For the purpose of informing UEs configured with longer DRX cycles than the system information modification period, an explicit indicator for system information changes should be introduced in the paging message.
Conclusion
In this paper we have made the following observation:
Observation 1	The DRX value range has been extended in Rel-13 to meet new UE requirements on e.g. power consumption reduction.
Observation 2	If the default DRX cycle broadcasted in the serving cell does not meet the UE requirements of e.g. power saving or latency, the UE may request for a UE specific DRX cycle in a NAS message to the CN (5GC).

Based on the discussion in section 2.2 we propose the following:
Proposal 1	A frame number structure consisting of 10 bits is provided in NR system information, i.e. no additional system frame number information (H-SFN or similar) is needed in Rel-15. An extension to at least 20 bits in total should however be supported in later releases.
Proposal 2	NR to support a maximum paging cycle length of 10.24 seconds in Rel-15.
Proposal 3	NR to support four default paging cycles of 32, 64, 128 and 256 radio frames to be broadcast in system information.
Proposal 4	UE specific Paging Time Windows, in which the UE monitors the paging channel, should be introduced when support of longer DRX cycles (above 10.24 seconds) is introduced in NR.
Proposal 5	For the purpose of informing UEs configured with longer DRX cycles than the system information modification period, an explicit indicator for system information changes should be introduced in the paging message.
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