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1
Introduction
Following LS from SA2 [1] on paging failure for CE Capable UEs, RAN3#97bis discussions led to working assumptions involving paging on both PDCCH and MPDCCH if S1 PAGING includes neither the “UE Radio Capability for Paging” (URCFP) nor “Assistance Data for Paging”, or more precisely “Assistance Data for CE capable UEs” [2]. In this paper we look further at the problem statement from SA2, and verify the rationale behind the working assumptions taken at RAN3#97bis.
2
Discussion
The problem statement from [1] is: “Problem: When a CE-Capable UE moves in idle-mode from 2G/3G to 4G, pages to these UEs will fail until the UE performs MO data, since MME cannot provide "UE Radio Capability for Paging" information to the eNB during paging request.”
As pointed out by companies during further offline discussions, SA2 already solved this problem for CE capable UEs that use EPS CIoT Optimisations, based on the Context Establishment Indication (CEI) message (TS 23.401): 

“For the EPS CIoT Optimisations, during the Attach procedure or the Tracking Area Update procedure, e.g. for the "first TAU following GERAN/UTRAN Attach", if the MME does not send an S1 interface INITIAL CONTEXT SETUP REQUEST to the E-UTRAN, the MME should obtain the UE Radio Capability information by sending the Connection Establishment Indication message without UE Radio Capability information included to the E-UTRAN. […]”

This mechanism requires first sending CEI for S1AP association completion (without UE Radio Capability), then DL NAS TRANSPORT containing e.g. Attach Accept. However, in RAN3, introduction of CEI was intended to serve a different purpose, i.e. providing the MME S1AP ID (S1AP association completion)in scenarios where the UE sends multiple UL NAS PDUs before any DL data is received [3]. TS 36.300 therefore contains a ‘no DL NAS PDU’ condition:
-
after receiving INITIAL UE MESSAGE message, if the MME has no NAS PDU to send in DL, or 
We therefore propose to add a trigger in TS 36.300 related to upload of UE Radio Capability Information, without any ‘no DL NAS PDU’ condition.

Proposal 1: Add a trigger for CEI in TS 36.300 for upload of UE Radio Capability Information and URCFP.
It may be noted that TS 36.300 additionally restricts use of CEI to Controle-Plane (CP) CIoT.
The question is then whether the working assumptions in [2] are sufficient to handle CE capable UEs not using EPS CP CIoT Optimisations. The underlying understanding at RAN3#97bis was for these UEs:
· UE Radio Capability (and URCFP) will always be uploaded during EPS Attach, due to establishment of default bearer (Initial Context Setup);

· Idle mode mobility from 2G/3G or from other MME pool: Only the first paging under the new MME will require use of both PDCCH and MPDCCH, because the Initial Context Setup required for bearer establishment will trigger upload UE Radio Capability (and URCFP) if missing.
The first bullet corresponds to “always-on” functionality mandated in Rel-8 specification. However, this feature was made optional in Rel-13 by enabling attach without PDN connectivity [4]. The paging failure issue is therefore potentially present following the EPS Attach without PDN scenario unless URCFP is uploaded by a mechanism not requiring Initial Context Setup. While the “attach without PDN” feature was introduced by SA2 together with CIoT related changes [4], TS 23.401 doesn’t restrict the feature for UEs supporting CIoT optimisations. In RRC specification, the attachWithoutPDN-Connectivity IE is also signalled independently of CIoT optimisation IEs on ASN.1 level in the RRCConnectionSetupComplete message, but linked to support of CIoT optimisations in the corresponding procedural text. According to TS 23.401, the “CEI solution” for CIoT UEs can therefore be used in this case, bringing additional motivation for the alignment of TS 36.300 in Proposal 1 above. Additionally, attach without PDN connectivity may be performed by CIoT UEs not using CP CIoT optimisation, and the associated restriction in TS 36.300 should therefore be removed. 
Proposal 2: In TS 36.300, enable CEI for all CIoT UEs (not only CP CIoT UEs).
The second bullet implies that paging of UEs that don’t use EPS CIoT Optimisations will be followed by user-plane data transfer. However also such UEs may receive paging triggered by native MT-SMS and numerous cases of application based device triggering (TS 23.682). Therefore, the assumption in the second bullet above doesn’t hold.
We therefore propose not to confirm the working assumptions of [2], but ensure that S1 signalling enables upload of UE Radio Capability in all EPS Attach and TAU scenarios as needed, also for UEs not using EPS CIoT Optimisations.

Proposal 3: Not confirm working assumptions from RAN3#97bis, because the need to use both PDCCH and MPDCCH for paging may not be eliminated at the first connection.

Proposal 4: Enhance S1 signalling to enable upload of UE Radio Capability in all EPS Attach and TAU scenarios as needed, also for UEs not using EPS CIoT Optimisations.

In order to realize Proposal 4, the available options are:

· Option 1: Enable CEI for all UEs, i.e. extend Proposal 2 above to fully remove the CIoT restriction (initially proposed in [5]).

· Option 2: DL NAS TRANSPORT without ASN.1 update (i.e. upload is triggered if DL NAS TRANSPORT completing the S1AP association doesn’t contain UE Radio Capability)
· Option 3: DL NAS TRANSPORT with ASN.1 update (new flag to request upload of UE Radio Capability and URCFP)

· Option 4: Enhance Radio Capability Match (example given in attachment to [1])
· Option 5: Enhance UE Context Release Command (examples given in attachment to [1])
We believe that a solution based on DL NAS TRANSPORT for UE Radio Capability + URCFP upload, or other solutions like option 4 and option 5, would have covered all cases not already solved by Initial Context Setup, making the currently specified CEI solution redundant. However, one possibility taking into account the current status of the specification would be to choose option 1, i.e. extend use of CEI for all cases. On the other side, as mentioned, CEI was initially intended for a very specific CP CIoT scenario, making implementations free to limit support of this message to specialized CIoT MMEs. In our view, it therefore seems reasonable to allow use of CEI for all CIoT cases (proposal 2 above). But option 1 would imply to mandate implementation of CEI in all MMEs. Taking into account that it is needed to correct the described issue in Rel-13 equipment, our preference would be to choose an option based on messages supported by all Rel-13 MMEs and eNBs. 
Based on the above, a solution avoiding ASN.1 impact, i.e. option 2, should be further considered. It can be noted that this solution will require the eNB to include the UE Radio Capability information (estimated up to 1000-2000 bytes) in all procedures where DL NAS TRANSPORT completes the S1AP association to avoid undesired upload of information from the UE. This approach therefore requires MME software correction to be activated before eNB SW correction, and will also imply some additional S1-C signalling load. From a functional point of view, it could also happen that a “too early” upload of UE Radio Capability takes place if the URCFP is available in the MME without the UE Radio Capability. Option 2 still seems to be an acceptable way forward.

Proposal 5: Enhance DL NAS TRANSPORT to upload UE Radio Capability and URCFP without ASN.1 impact, i.e. upload is triggered if DL NAS TRANSPORT completing the S1AP association doesn’t contain UE Radio Capability.
Our preference would also be to provide correction for Rel-13, where the issue comes from, in line with the 3GPP release indicated by SA2 in [1].
Proposal 6: Correction to be done starting from Rel-13.

***

The proposed corrections will also apply to NB-IoT UEs, because NB-IoT is part of CIoT as per definition in TS 23.401. We believe they will be beneficial for Rel-14 NB-IoT UEs supporting paging on non-anchor carrier. This capability is signalled in URCFP-NB, which must therefore be provided in S1 PAGING in order to avoid paging failure for these UEs.
3
Conclusion
We have made the following proposals:
Proposal 1: Add a trigger for CEI in TS 36.300 for upload of UE Radio Capability Information and URCFP.

Proposal 2: In TS 36.300, enable CEI for all CIoT UEs (not only CP CIoT UEs).

Proposal 3: Not confirm working assumptions from RAN3#97bis, because the need to use both PDCCH and MPDCCH for paging may not be eliminated at the first connection.

Proposal 4: Enhance S1 signalling to enable upload of UE Radio Capability in all EPS Attach and TAU scenarios as needed, also for UEs not using EPS CIoT Optimisations.

Proposal 5: Enhance DL NAS TRANSPORT to upload UE Radio Capability and URCFP without ASN.1 impact, i.e. upload is triggered if DL NAS TRANSPORT completing the S1AP association doesn’t contain UE Radio Capability.

Proposal 6: Correction to be done starting from Rel-13.

CRs are submitted to this meeting in [6] and [7].
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