Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2#98	Tdoc R2-1704361
Hangzhou, China, 15th – 19th May 2017

Agenda Item:	10.4.2.3
Source:	Ericsson
Title:	DRX in idle state
Document for:	Discussion, Decision

Introduction
Following text related to CN-initiated paging and the DRX cycle when the UE is in RRC_IDLE state is captured in the 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 discusses some further aspects of the NR DRX concept for UEs in RRC_IDLE state.
[bookmark: _Ref178064866]Discussion
Existing LTE framework
[bookmark: _GoBack]The idle mode DRX mechanism 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 interval in which the UE monitors the paging channel is configured by the network and signalled to the UE as part of system information. Optionally the UE can request for a dedicated 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 applied.
[bookmark: _Toc462181511][bookmark: _Toc462223527][bookmark: _Toc462224400][bookmark: _Toc462317720][bookmark: _Toc462338530][bookmark: _Toc462338556][bookmark: _Toc462349223][bookmark: _Toc462349372][bookmark: _Toc462349463][bookmark: _Toc480966845][bookmark: _Toc480988416][bookmark: _Toc481140130][bookmark: _Toc481152590][bookmark: _Toc481481103][bookmark: _Toc481668516][bookmark: _Toc481773784][bookmark: _Toc481774111]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. 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 P-BCH decoding). In LTE 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 an 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 extended to utilize the full 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: _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][bookmark: _Toc481773785][bookmark: _Toc481774112]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 RAN 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
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 will likely be needed from day one of NR deployment. The NR specifications should therefore allow for a range of DRX cycles corresponding to at least the full LTE (e)DRX cycle range (including DRX value range introduced for NB-IoT) so that a suitable interval can be selected per UE based on requirements for delay and power savings, etc.
[bookmark: _Toc480966885][bookmark: _Toc480988412][bookmark: _Toc481068818][bookmark: _Toc481139505][bookmark: _Toc481140411][bookmark: _Toc481140996][bookmark: _Toc481152583][bookmark: _Toc481481106][bookmark: _Toc481488660][bookmark: _Toc481773787][bookmark: _Toc481774113]Use LTE idle mode DRX, eDRX and NB-IoT DRX cycle range as a starting point for NR, i.e. a DRX value range from approximately 300 ms up to 3 hours should be supported in NR.
RAN2 has already agreed to include a frame number (corresponding to LTE SFN) in the NR minimum system information, leaving the size of the frame number field for further studies. In LTE the SFN consists of 10 bits, 8 bits included in MIB and 2 bits implicitly carried by the physical layer, allowing a maximum DRX cycle of 10.24 seconds. Longer DRX cycles, up to 2.91 hours, are supported by means of a hyper SFN concept, a bit string consisting of 10 bits provided in SIB1.
Given the proposal that NR should support the same DRX cycle range as in LTE, a similar frame number structure as defined in LTE (SFN extended with H-SFN) need to be defined and provided to the UE in NR system information. Provided a NR radio frame will be equally long as a LTE radio frame, it seems practical to define the same frame number value range in NR as in LTE.
[bookmark: _Toc481068819][bookmark: _Toc481139506][bookmark: _Toc481140412][bookmark: _Toc481140997][bookmark: _Toc481152584][bookmark: _Toc481481107][bookmark: _Toc481488661][bookmark: _Toc481773788][bookmark: _Toc481774114]A 20-bit “SFN” should be provided in NR system information. 
Assuming the majority of UEs, although not in all deployments, will select the default DRX cycle provided in the serving cell, a 10-bit frame number value range provided in the NR-MIB will most likely serve the majority of the UEs camping in the cell. However, considering the longest pre-Rel-13 DRX cycle defined for E-UTRAN is 2.56 seconds (i.e. the longest default DRX cycle that can be provided in an LTE cell), it’s even likely that most of the UEs can continuously maintain their synch to the network by reading an 8-bit “SFN” provided in the NR-MIB. The remaining 12 bits of the frame numbering can be included in e.g. NR-SIB1.
[bookmark: _Toc480966849][bookmark: _Toc480966864][bookmark: _Toc480966886][bookmark: _Toc480988413][bookmark: _Toc481068820][bookmark: _Toc481139507][bookmark: _Toc481140413][bookmark: _Toc481140998][bookmark: _Toc481152585][bookmark: _Toc481481108][bookmark: _Toc481488662][bookmark: _Toc481773789][bookmark: _Toc481774115]Consider providing only the 8 least significant bits of “SFN” in NR-MIB and the 12 most significant bits of “SFN” in NR-SIB1.
With the support of longer DRX cycles, 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 again. This may have impacts to applications/functions that need to communicate to the UE, as well as to 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 it has to monitor the paging channel. With the definition of longer DRX cycles in NR, it seems likely that a similar concept as the LTE PTW is also needed in NR.
[bookmark: _Toc481068821][bookmark: _Toc481139508][bookmark: _Toc481140414][bookmark: _Toc481140999][bookmark: _Toc481152586][bookmark: _Toc481481109][bookmark: _Toc481488663][bookmark: _Toc481773790][bookmark: _Toc481774116]UE specific Paging Time Windows, in which the UE monitors the paging channel, should be introduced to support longer DRX cycles in NR.
As agreed at the RAN2-NR Adhoc meeting, a default DRX cycle is provided in system information for each NR cell. If the default DRX cycle 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 proposed in proposal 1 above.
Likewise, if the default DRX cycle in the serving cell is not the shortest defined 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. The UE selected DRX cycle is then provided to the RAN in the paging message and at the establishment of the CN-RAN connection (e.g. as part of the UE context setup information) to enable RAN paging while the UE is in RRC_INACTIVE state, see further ref [2].
[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]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.
When the UE specific DRX cycle is longer than the system information modification period, the UE need 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.
A UE with such DRX configuration shall (as a minimum) acquire the updated system information at the next DRX acquisition period boundary.
[bookmark: _Toc480988415][bookmark: _Toc481068823][bookmark: _Toc481139510][bookmark: _Toc481140416][bookmark: _Toc481141001][bookmark: _Toc481152588][bookmark: _Toc481481111][bookmark: _Toc481488665][bookmark: _Toc481773792][bookmark: _Toc481774118]For the purpose of informing UEs configured with longer DRX cycles than the system information modification period, introduce an explicit indicator in paging messages for system information changes.
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	The DRX value range has been extended in Rel-13 to meet new UE requirements on e.g. power consumption reduction.

Based on the observations and the discussion in section 2.2 we propose the following:
Proposal 1	Use LTE idle mode DRX, eDRX and NB-IoT DRX cycle range as a starting point for NR, i.e. a DRX value range from approximately 300 ms up to 3 hours should be supported in NR.
Proposal 2	A 20-bit “SFN” should be provided in NR system information.
Proposal 3	Consider providing only the 8 least significant bits of “SFN” in NR-MIB and the 12 most significant bits of “SFN” in NR-SIB1.
Proposal 4	UE specific Paging Time Windows, in which the UE monitors the paging channel, should be introduced to support longer DRX cycles in NR.
Proposal 5	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.
Proposal 6	For the purpose of informing UEs configured with longer DRX cycles than the system information modification period, introduce an explicit indicator in paging messages for system information changes.
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