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1. Background 
From WIs “Additional MTC type enhancements for LTE” & “Additional enhancements for NB-IoT”, following is one of common objective. 
Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-IDLE

In this paper, we are going to discuss about access stratum changes required to support Idle mode eDRX functionality for both eMTC and NB-IoT connected to 5GC.
2. SA2 discussion outcome on eDRX for CM-IDLE
 During SA2 study phase, solution 22 specified in TR 23.724 [4] was recommended.

The description of solution 22 includes the following:

eDRX sleep cycle negotiation: The TR states that EPS principles can be reused except that the NAS procedures affected are Registration and Registration update (and the AMF handles the CN functionality instead of SGSN/MME).

Subscription information: Extended idle mode DRX cycle length value needs to be added in the subscription data from the UDM using the same principles as in EPS.
Hyper SFN, Paging Hyperframe and Paging Time Window: Same handling as in EPC but in 5GC the AMF will assign the Paging Time Window. The AMF will include the Paging Time Window in the extended DRX parameters to the UE and in the paging eDRX information to the (R)AN. However, it is up to RAN to determine the solution for Hyper SFN and Paging Hyperframe, including whether the NB-IOT and E-UTRAN solutions are the same as in EPS.
WB-E-UTRAN (eMTC): the ng-eNB broadcasts an indicator for support of eDRX in 5GC in addition to the existing indicator for support of eDRX in EPC as defined in TS 36.331.
EPC interworking: eDRX handling can be kept separate in EPC and 5GC and no specific interworking is required.
Impacts on existing entities and interfaces (RAN side): the AMF shall set the extended idle mode DRX parameters and supply relevant parameters to UE and (R)AN. 

Following text is taken from SA2 agreed CR S2-1901055 [3].
UE and NW negotiate the use of extended idle mode DRX as follows:


If the UE decides to request for extended idle mode DRX, the UE includes an extended idle mode DRX parameters information element in the Registration Request message. The UE may also include the UE specific DRX parameters for regular idle mode DRX according to clause 5.4.5. The extended idle mode DRX parameters information element includes the idle mode DRX length.


The AMF decides whether to accept or reject the UE request for enabling extended idle mode DRX. In case the AMF accepts the extended idle mode DRX, the AMF based on operator policies and, if available, the extended idle mode DRX cycle length value in the subscription data from the UDM, may also provide different values of the extended idle mode DRX parameters than what was requested by the UE. The AMF taking into account the RAT specific Subscribed Paging Time Window, the UEs current RAT (NB-IOT or WB-E-UTRAN) and local policy also assigns a Paging Time Window length to be used, and provides this value to the UE during Registration Update procedures together with the extended idle mode DRX cycle length in extended idle mode DRX parameter. If the AMF accepts the use of extended idle mode DRX, the UE shall apply extended idle mode DRX based on the received extended idle mode DRX length, the UEs current RAT (NB-IOT or WB-E-UTRAN) and RAT specific Paging Time Window length. If the UE does not receive the extended idle mode DRX parameters information element in the relevant accept message because the AMF rejected its request or because the request was received by AMF not supporting extended idle mode DRX, the UE shall apply its regular discontinuous reception as defined in clause 5.4.5.

The specific negotiation procedure handling is described in TS 23.502 [3].

NOTE 2:
If the Periodic Registration Update timer assigned to the UE is not longer than the extended idle mode DRX cycle the power savings are not maximised. 

For extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. If the UE supports eDRX in RRC inactive, based on its UE radio capabilities,NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” as defined in clause 5.3.3.2.5 or up to X seconds (whichever is lower). 

Editor's note:
The exact value for X will be determined based on the NAS, SMS and service based interface retransmission timers based on feedback from CT and RAN WGs.

The RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.

 5.x.a.b.2.1
Hyper SFN, Paging Hyperframe and Paging Time Window length

A Hyper-SFN (H-SFN) frame structure is defined on top of the SFN used for regular idle mode DRX. Each H-SFN value corresponds to a cycle of the legacy SFN of 1024 radio frames, i.e. 10.24s. When extended idle mode DRX is enabled for a UE, the UE is reachable for paging in specific Paging Hyperframes (PH), which is a specific set of H-SFN values. The PH computation is a formula that is function of the extended idle mode DRX cycle, and a UE specific identifier, as described in TS 36.304 [52]. This value can be computed at all UEs and AMFs without need for signalling. The AMF includes the extended idle mode DRX cycle length and the PTW length in paging message to assist the NG-RAN nodes in paging the UE.

The AMF also assigns a Paging Time Window length, and provides this value to the UE during Registration Update procedures together with the extended idle mode DRX cycle length. The UE first paging occasion is within the Paging Hyperframe as described in TS 36.304 [52]. The UE is assumed reachable for paging within the Paging Time Window. The start and end of the Paging Time Window is described in TS 36.304 [52]. After the Paging Time Window length, the AMF considers the UE unreachable for paging until the next Paging Hyperfame.

2.1 Discussion: 
Based on SA2 discussion outcome, following changes are needed in RAN2 to support eDRX in RRC-IDLE.
36.300 stage 2 description needs to be updated to include eDRX feature support for RRC_IDLE state.  

Proposal 1. Update stage 2 description to include support for Idle mode eDRX feature for both eMTC and NB-IoT when ng-eNB is connected to 5GC.  
In order to specify hyper frame numbers used for Idle mode eDRX operation, ng-eNB will broadcast its current HFN, For eMTC,SIB1-BR specified hyperSFN IE can be used as common IE for both EPC and 5GC. For NB-IoT, MIB-NB provided hyperSFN-LSB IE indicates the 2 least significant bits of hyper SFN. The remaining bits are present in SystemInformationBlockType1-NB indicated hyperSFN-MSB IE.
Proposal 2. MIB-NB specified hyperSFN-LSB IE & SIB1-NB specified hyperSFN-MSB IE are commonly used for both EPC and 5GC connectivity.

Proposal 3. SIB1-BR specified hyperSFN IE is commonly used for both EPC and 5GC.  
eDRX feature support will be directly negotiated between UE and AMF via NAS registration signalling procedures. Even if AMF configures idle mode eDRX feature for UE during registration signalling procedure, all ng-eNBs connected to that AMF may or may not support idle mode eDRX operation. UE operates in Idle mode eDRX in a given ng-eNB only if that ng-eNB indicates its support for idle mode eDRX operation.  In order for ng-eNB to indicate its support for idle mode eDRX feature for eMTC devices when ng-eNB connected to 5GC, introduce new IE eDRXAllowed-5GC in SIB1-BR. In case of EPC, for NB-IoT, idle mode eDRX feature is mandatory to support in a cell, hence same should apply when using 5GC (i.e no IE required in SIB1-NB)
Proposal 4. Introduce new IE eDRXAllowed-5GC in SIB1-BR to indicate ng-eNB connected to 5GC support for optional idle mode eDRX feature (for eMTC UEs).  

Proposal 5. RAN2 agree to support Idle mode eDRX as mandatory for NB-IoT UEs when connected to 5GC and all ng-eNBs connected to 5GC shall support Idle mode eDRX feature (without need for any IEs in SIB1-NB)
Both eMTC Paging & NB-IoT Paging-NB messages includes systemInfoModification-eDRX-r13. This indication applies only to UEs using eDRX cycle longer than the BCCH modification period. The same IE can be used as common IE when ng-eNB is connected to both EPC and 5GC.
systemInfoModification-eDRX IE for eMTC:

If present: indication of a BCCH modification other than SIB10, SIB11, SIB12 and SIB14. This indication applies only to UEs using eDRX cycle longer than the BCCH modification period.
Proposal 6.   For eMTC, use existing systemInfoModification-eDRX IE in paging messages as common IE for both EPC and 5GC to indicate modification of BCCH other than SIB10, SIB11, SIB12 and SIB14.
systemInfoModification-eDRX IE for NB-IoT: 

If present: indication of a BCCH modification other than for SystemInformationBlockType14-NB (SIB14-NB) and SystemInformationBlockType16-NB (SIB16-NB). This indication applies only to UEs using eDRX cycle longer than the BCCH modification period.

Proposal 7.   For NB-IoT, use existing systemInfoModification-eDRX IE in paging messages as common IE for both EPC and 5GC to indicate modification of BCCH other than SIB14-NB and SIB16-NB.
In 36.304, section 7.3 describes paging in extended DRX for idle mode operation of UE. UE calculates PH, PTW_start and PTW_end by using formulas as described in section 7.3. When UE is connected to 5GC, calculation of PH, PTW_start and PTW_end has to be carried out by using Hash ID & Hash ID should be computed based on 5G S-TMSI.
Proposal 8. Update Idle mode procedures specification for calculation of PH, PTW_start and PTW_end by taking 5G S-TMSI as input for Hash ID.  
3. Conclusion

In this contribution, we discussed various proposals for supporting extended DRX feature for eMTC and NB-IoT when connected to 5GC.
 Proposal 1.
Update stage 2 description to include support for Idle mode eDRX feature for both eMTC and NB-IoT when ng-eNB is connected to 5GC.
Proposal 2.
MIB-NB specified hyperSFN-LSB IE & SIB1-NB specified hyperSFN-MSB IE are commonly used for both EPC and 5GC connectivity.
Proposal 3.
SIB1-BR specified hyperSFN IE is commonly used for both EPC and 5GC.
Proposal 4.
Introduce new IE eDRXAllowed-5GC in SIB1-BR to indicate ng-eNB connected to 5GC support for optional idle mode eDRX feature (for eMTC UEs).
Proposal 5.
RAN2 agree to support Idle mode eDRX as mandatory for NB-IoT UEs when connected to 5GC and all ng-eNBs connected to 5GC shall support Idle mode eDRX feature (without need for any IEs in SIB1-NB)
Proposal 6.
For eMTC, use existing systemInfoModification-eDRX IE in paging messages as common IE for both EPC and 5GC to indicate modification of BCCH other than SIB10, SIB11, SIB12 and SIB14.
Proposal 7.
For NB-IoT, use existing systemInfoModification-eDRX IE in paging messages as common IE for both EPC and 5GC to indicate modification of BCCH other than SIB14-NB and SIB16-NB.
Proposal 8.
Update Idle mode procedures specification for calculation of PH, PTW_start and PTW_end by taking 5G S-TMSI as input for Hash ID.
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