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1. Background 
During RAN2#106, following agreements were made
· RRC-INACTIVE state in NB-IoT connected to 5GC is not supported.

· RRC-INACTIVE state with short eDRX cycles is optionally supported for eMTC connected to 5GC with capability signalling.

During RAN2#107bis, following agreements were made

· The Rel-15 suspension/ resumption procedure to/from RRC_INACTIVE applies.

· eMTC UEs in RRC_INACTIVE monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively.

· Upon reception of CN paging in RRC_INACTIVE, eMTC UE moves to RRC_IDLE without suspension.

· For eMTC, ran-PagingCycle is extended with values rf512 and rf1024.

· The RNA configuration and RNA update procedure in Rel-15 RRC_INACTIVE apply to eMTC.

· The resume cause ‘ran-Update’ is applicable to eMTC UEs connected to 5GC that support RRC_INACTIVE.

· IDLE mode cell selection/reselection criteria and measurement rules also apply in RRC_INACTIVE state for eMTC UEs connected to 5GC.

· Neighbouring cell relaxed monitoring is also applicable in RRC_INACTIVE state for eMTC UEs connected to 5GC.

· Indication in SIB2-BR to indicate that the eNB supports RRC_INACTIVE can be implicit.

· If a UE in RRC_INACTIVE moves to an eNB that does not support RRC_INACTIVE, the UE enters RRC_IDLE, i.e. not suspended state.

· No additional capability is needed to indicate support for short extended DRX operation in RRC_INACTIVE state.

· EDT is not supported in RRC_INACTIVE in Rel-16.
During RAN2#108, following agreements were made

· PTW is not introduced for RRC_INACTIVE state with short eDRX.

· FFS: If configured with eDRX cycle in CM-IDLE, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) during CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured.
· FFS: if “short eDRX for RRC-INACTIVE” is configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the RAN paging cycle, i.e. 5.12sec, 10.24sec, for RRC_INACTIVE.

· FFS: if “short eDRX for RRC-INACTIVE”, i.e. 5.12sec, 10.24sec, is not configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.
· Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.

· I-RNTI is used as the UE identifier for UP CIoT 5GS Optimization for both eMTC and NB-IoT.
In this paper, we will discuss about how eMTC/5GC UEs monitor paging while operating in RRC_INACTIVE state with extended DRX cycle. 
2.  Discussion

2.1 Interaction between RAN and CN page occasions in RRC-INACTIVE state 
For RRC-INACTIVE with short eDRX cycle values, it is required that UE can be paged both by RAN and by CN. Therefore, to fulfil this requirement in a power efficient way it is desirable to ensure there is maximal overlap between CN paging occasions and RAN paging occasions. In normal case, when the UE is in RRC_INACTIVE state, the UE is in NAS CM-CONNECTED state in the AMF and there is no CN paging. The reason for monitoring CN paging in RRC_INACTIVE is state mitmatch between the UE and the AMF [7].

· Following a RAN or AMF failure (see TS 23.502 [4] section 4.2.6)

	When the NG-AP signalling connection is lost due to (R)AN or AMF failure, the AN release is performed locally by the AMF or the (R)AN as described in the procedure flow below without using or relying on any of the signalling shown between (R)AN and AMF. The AN release causes all UP connections of the UE to be deactivated.


· When RAN paging is not successful(see TS 23.501 3]section 5.3.3)

	If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.

-
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-RAN.


Observation 1. AMF will send CN paging to RRC_INACTIVE state UE only in case of state mismatch between AMF and ng-RAN.  

When CN pages the UE it assumes UE is in RRC Idle mode hence it will use idle mode paging occasions. This implies RRC idle state eDRX cycle needs to be an integer multiple of RRC-INACTIVE state cycle as depicted in Figure 1. For simplicity, eDRX in RRC-INACTIVE state is called IA-eDRX. Note, it does not seem a sensible configuration when IA-eDRX is larger than I-eDRX. Similarly, it does not seem a sensible configuration when IA-DRX is larger than I-DRX.
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Figure 1 Example of eDRX in RRC idle and RRC-INACTIVE
Figure 2 depicts one I-eDRX configuration and two configurations of RRC Inactive short eDRX values of 5.12 and 10.24 Sec. To minimise UE power consumption while supporting CN and RAN based paging it is highly desirable that POs monitored for AI-eDRX are at least subset of the POs monitored during I-eDRX PTW, or vice versa. The POs for CN paging and RAN paging should coincide given that the possible DRX values for RAN and CN paging have the same set and all combinations are integer multiple of the other. Duration of I-eDRX PTW is not important to ensure the POs during the two eDRX wake-up periods overlap. AMF will provide PTW value to ng-eNB as part of RRC Inactive Assistance Information. During PTW of Idle eDRX, POs are determined based on legacy method of minimum (UE specific DRX, cell broadcast DRX).  Not all POs during the PTW may coincide with IA-DRX/IA-eDRX POs but all IA-DRX/IA-eDRX POs during PTW will coincide with the POs during the Idle eDRX PTW (see Figure 2).
From TS 23.501 v16.2.0, Section 5.31.7.2 [4],

For RAT types that support 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 10.24 seconds (whichever is lower).

If eDRX cycle is applied in RRC-INACTIVE, the RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.
Observation 2. For RRC_INACTIVE with short eDRX cycle UEs, ng-eNB buffers DL packets received from CN upto the duration of the next RAN paging cycle.  
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Figure 2 Interaction of Idle-eDRX PTW with RRC_INACTIVE page monitoring (UE will monitor POs according to RRC_INACTIVE state eDRX case1 or case 2 Cycles only)
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Figure 3 Interaction of Idle-DRX (No PTW) with RRC_INACTIVE page monitoring (UE will wake up only in RRC_INACTIVE Page Occasions)
In RRC-INACTIVE state UE can receive RAN paging (i.e. UE addressed with I-RNTI) and CN paging (i.e. UE addressed with 5G-S-TMSI). Regardless of RAN or CN paging, UE monitors the same paging occasions. Therefore, UE power consumption to receive CN or RAN paging is not impacted. In RRC_INACTIVE state, there is no need for UE to differentiate whether a PO is CN paging occasion or RAN paging occasion and UE can determine whether a page message is for CN or RAN just by looking at I-RNTI or 5G-S-TMSI in received paging message. There is no extra UE complexity for UE to monitor both page identities.

In Fig3, RRC_INACTIVE UE is expected to wake up only during RRC_INACTIVE eDRX cycles (shown in black color) and it coincides with some of Idle DRX POs. Just for monitoring CN pages, UE is not required to wake up during all Idle DRX POs shown in diagram and it is power inefficient for UE to wake up for all CN pages occasions (CN pages will be sent only due to state mismatch). In other words, it is not sensible for network to configure RRC_INACTIVE eDRX Values of 5.12, 10.24 Sec when UE was configured with idle DRX only (i.e no Idle eDRX configured).
Observation 3. When UE is in RRC_INACTIVE state, ng-eNB knows when exactly UE will wake up for page monitoring as per RAN POs and ng-eNB delivers any received CN pages in these RRC_INACTIVE POs.

Observation 4. RRC_INACTIVE RAN paging occasions will overlap with some of CN POs of Idle eDRX within PTW (if configured) or configured Idle DRX  and when UE monitors RAN paging occasions in RRC_INACTIVE, there is no additional UE power impact to monitor both CN and RAN paging if UE wakes up as per RRC_INACTIVE POs .   
Observation 5. In RRC_INACTIVE state, there is no need for UE to differentiate whether a PO is CN paging occasion or RAN paging occasion and UE can determine whether a page message is for CN or RAN just by looking at I-RNTI or 5G-S-TMSI. 
Observation 6. There is no extra UE complexity for UE to process paging message addressing UE with either RAN or CN page identities.
2.2 How UE determines paging occasions in RRC_INACTIVE state:
When eMTC/5GC UE is operating in RRC_INACTIVE state, there are two possible options available to determine how to monitor paging occasions (POs).

Option 1: ng-eNB does not use short eDRX configuration for RRC_INACTIVE UE.

This case is same as legacy R15 LTE/5GC.  ng-eNB configures ran-PagingCycle-r15


ENUMERATED {rf32, rf64, rf128, rf256}. In this case, UE monitors RRC_INACTIVE occasions based on shortest of 

a. For CN-initiated paging, a default DRX cycle is broadcast in system information;

b. For CN-initiated paging, a UE specific DRX cycle can be configured via NAS signalling;

c. For RAN-initiated paging, a UE-specific RRC_INACTIVE state DRX cycle is configured via RRC signalling;
Option 2: ng-eNB uses new short eDRX configuration values of 5.12, 10.24 Sec for RRC_INACTIVE with short eDRX cycles.
defaultPagingCycle (cell specific) values are 320ms, 640ms, 1.28 Sec, 2.56 Sec. UE specific paging values are (NAS based) 320ms, 640ms, 1.28 Sec, 2.56 Sec.

In this case, if ng-eNB wants to use extended DRX ran-PagingCycle values of 5.12 Sec, 10.24 Sec, there is no need for UE to follow the shortest of default paging cycle, UE specific paging cycle and ran_PagingCycle. Because default paging cycle, UE specific paging cycle values are always smaller than ran_PagingCycle values and UE will never get opportunity to use ran_PagingCycle values of 5.12 Sec, 10.24 Sec. In typical network configuration, it is reasonable to assume that RRC_INACTIVE paging cycle is either shorter or at least same as idle mode page occasions. Hence, option2 enables UE to reduce UE power consumption by using short eDRX configuration in RRC_INACTIVE state.

Based on above discussion, we have following proposals
Proposal 1. I-RNTI and 5G-S-TMSI are used by UE to determine whether received paging message is for CN or RAN paging and from UE perspective there is no need to distinguish whether PO monitored is meant for RAN or CN paging occasions.

Proposal 2. When both I-RNTI and 5G-S-TMSI are received in same paging message then UE action shall be based on 5G-S-TMSI (CN paging identity).

Proposal 3. If RRC_INACTIVE short eDRX cycles (i.e 5.12, 10.24 Sec) are configured, eMTC UEs in RRC_INACTIVE state monitors both RAN and CN paging identities according to configured RRC_INACTIVE eDRX Cycle.
Proposal 4. RRC_INACTIVE short eDRX cycle shall only be configured if UE is configured with Idle mode eDRX . (i.e RRC_INACTIVE short eDRX cycle is not expected to be configured when UE is configured with Idle mode DRX only) 
Proposal 5. If RRC_INACTIVE short eDRX cycles are not configured (i.e 320ms, 640ms, 1.28 Sec, or 2.56 Sec RAN_Paging Cycle values configured), eMTC UEs in RRC_INACTIVE state monitors RAN & CN paging according to shortest of configured ran_PagingCycle (if configured), broadcast paging cycle (if configured) and UE specific DRX cycle (if indicated by UE in NAS)
3. Conclusion

In this contribution, we discussed proposals about how UE can monitor paging in RRC_INACTIVE state with extended DRX feature for eMTC connected to 5GC.  
Observation 1.
AMF will send CN paging to RRC_INACTIVE state UE only in case of state mismatch between AMF and ng-RAN.
Observation 2.
For RRC_INACTIVE with short eDRX cycle UEs, ng-eNB buffers DL packets received from CN upto the duration of the next RAN paging cycle.
Observation 3.
When UE is in RRC_INACTIVE state, ng-eNB knows when exactly UE will wake up for page monitoring as per RAN POs and ng-eNB delivers any received CN pages in these RRC_INACTIVE POs.
Observation 4.
RRC_INACTIVE RAN paging occasions will overlap with some of CN POs of Idle eDRX within PTW (if configured) or configured Idle DRX  and when UE monitors RAN paging occasions in RRC_INACTIVE, there is no additional UE power impact to monitor both CN and RAN paging if UE wakes up as per RRC_INACTIVE POs .
Observation 5.
In RRC_INACTIVE state, there is no need for UE to differentiate whether a PO is CN paging occasion or RAN paging occasion and UE can determine whether a page message is for CN or RAN just by looking at I-RNTI or 5G-S-TMSI. 
Observation 6.
There is no extra UE complexity for UE to process paging message addressing UE with either RAN or CN page identities.

Proposal 1.
I-RNTI and 5G-S-TMSI are used by UE to determine whether received paging message is for CN or RAN paging and from UE perspective there is no need to distinguish whether PO monitored is meant for RAN or CN paging occasions.
Proposal 2.
When both I-RNTI and 5G-S-TMSI are received in same paging message then UE action shall be based on 5G-S-TMSI (CN paging identity).
Proposal 3.
If RRC_INACTIVE short eDRX cycles (i.e 5.12, 10.24 Sec) are configured, eMTC UEs in RRC_INACTIVE state monitors both RAN and CN paging identities according to configured RRC_INACTIVE eDRX Cycle.
Proposal 4.
RRC_INACTIVE short eDRX cycle shall only be configured if UE is configured with Idle mode eDRX . (i.e RRC_INACTIVE short eDRX cycle is not expected to be configured when UE is configured with Idle mode DRX only)
Proposal 5.
If RRC_INACTIVE short eDRX cycles are not configured (i.e 320ms, 640ms, 1.28 Sec, or 2.56 Sec RAN_Paging Cycle values configured), eMTC UEs in RRC_INACTIVE state monitors RAN & CN paging according to shortest of configured ran_PagingCycle (if configured), broadcast paging cycle (if configured) and UE specific DRX cycle (if indicated by UE in NAS)
4. 
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