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1 Introduction

In this document, we discuss paging for Light Connected UE.
2 Discussion
Alignment of CN paging and RAN paging

Based on agreements at RAN2#95 and companies’ comments to email discussion RAN2-95#31 to progress FFSs on Light Connection WI, it seems relevant to ask RAN2 to agree on that CN-initiated paging and RAN-initiated should be aligned such that a Light Connected UE can monitor both CN and RAN paging without compromising UE standby times. 

Aligning CN and RAN Paging gives some essential advantages:

a)  Robustness to resolve potential “state mismatch” Idle/Suspended/LightConnected between UE and eNB/MME, e.g. at eNB reset. Inconsistency will be resolved both at UE-originated and network-originated connection attempts.

b)  eNB can decide to release the S1 connection without necessarily indicate this to the UE.
c) Simplifies implementation and testing.
d) Can reuse existing RAN4 RRM requirements.
Proposal 1 RAN paging in light connection shall use 
1) the same PF/PO calculations as in legacy paging, 
2) the same UE_Id in PF/PO calculations as in legacy paging, 
3) aligned DRX cycles, such that CN pages can be monitored by light-connected UE, and 
4) the same RRC paging message, possibly extended to convey a new RAN identity for RAN paging.

UE identity for RAN paging
Existing RRC paging procedure uses NAS identifiers (typically S-TMSI, but in exceptional cases when no S-TMSI is available, IMSI). Using S-TMSI at RAN paging would mean that S-TMSI must be stored in the eNB, and updated when changed (GUTI re-allocation). It would probably also mean that eNB must support recovery mechanisms at failed GUTI re-allocation as described in TS24.301, and consider both new and old GUTI as valid until new GUTI reallocation procedure is successfully completed.

More critical is potential security issues of exposing S-TMSI in radio signaling (RAN paging) without MME being in control.


For these reasons, a RAN identity should be used as UE Identity in the RRC Paging message. We propose to use the resumeIdentity.

Proposal 2 The resumeIdentity is used as UE identity in the RRC Paging message at RAN paging.
DRX cycle in Light Connected
In Rel-13 eDRX work, the DRX cycle length extension for RRC Connected mode was limited to 10s (1024 radio frames). Main reason for this was major impact on CN to handle long response delay from a connected UE. Since CN considers a light connected UE to be “connected” (ECM-connected), longer DRX cycles than 10s should be avoided. Consequently, in case UE via NAS signaling has negotiated an eDRX cycle, this eDRX value should not be used by a Light Connected UE.

For Idle mode, the possible (normal) DRX cycle lengths are 0.32, 0.64, 1.28 and 2.56 seconds. A UE-specific DRX cycle value can be set by UE via NAS signaling, but this value will only be used in case it is shorter than the Default DRX value sent in system information. We assume that the UE-specific DRX cycle via NAS signaling is set taking expected response time and UE battery lifetime into account. Therefore, for UE in Light Connected, we do not see any reason for using a longer DRX cycle than UE uses in idle mode. 

We propose as a baseline to use the same DRX cycle length value as in idle mode. This means that eNB must be made aware of the UE-specific DRX cycle value set via NAS signaling, if existing. With dedicated signaling, it should be possible for eNB to assign a shorter value to UE. With this, the principle of aligning CN and RAN paging is met.

Proposal 3 In Light Connection, UE uses the same DRX cycle as in idle mode. eNB can configure UE to use a shorter value (from the idle mode range) in dedicated signaling.

Impacts on RRC paging procedure for Light Connection

When examining the existing UE RRC [TS36.331] and NAS [TS24.301] behavior for the Rel-13 Suspend/Resume feature, we find the following:

1. At reception of RRC Paging (with “CN domain indicator” in RRC Paging message set to "PS") with a matching user id (S-TMSI or IMSI), RRC layer in UE indicates reception of paging to UE NAS layer, and 
2. UE NAS layer (in case UE is Suspended) requests the RRC layer to resume the RRC Connection. 
a. If resume succeeds, UE NAS enters ECM_Connected, but refrains from transmitting a NAS SERVICE REQUEST message.

b. If resume is fallbacked (“new” RRC connection is established), UE NAS enters ECM_Connected, and transmits the pending NAS SERVICE REQUEST message.

c. If resume fails, the UE restarts the NAS Service Request procedure, and UE triggers RRC Connection establishment.

In Light Connection, RAN-triggered paging is used by eNB to indicate to UE that there is DL control or user data for the UE. A suspended UE, as described above, will (if paged with CN domain indicator set to "PS") at successful resume enter ECM_Connected, but not transmit any NAS message. 

Fallback or failure to Resume at RAN-triggered paging can be considered as exceptional cases (context inconsistency in UE and eNB), and the RRC connection establishment that follows cleans up these problems. 

This leads us to the following:

Proposal 4 Existing RRC and NAS paging procedure as defined for Rel-13 Suspend/Resume shall be used as baseline for RAN-triggered paging of Light Connected UE. 

3 Conclusion

In this document, we discussed paging for Light Connected UE.

We ask RAN2 to agree on the following:

Proposal 5 RAN paging in light connection shall use 
1) the same PF/PO calculations as in legacy paging, 
2) the same UE_Id in PF/PO calculations as in legacy paging, 
3) aligned DRX cycles, such that CN pages can be monitored by light-connected UE, and 
4) the same RRC paging message, possibly extended to convey a new RAN identity for RAN paging.

Proposal 6 The resumeIdentity is used as UE identity in the RRC Paging message at RAN paging.

Proposal 7 In Light Connection, UE uses the same DRX cycle as in idle mode. eNB can configure UE to use a shorter value (from the idle mode range) in dedicated signaling.

Proposal 8 Existing RRC and NAS paging procedure as defined for Rel-13 Suspend/Resume shall be used as baseline for RAN-triggered paging of Light Connected UE. 
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