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1 Introduction
To reduce signalling associated with state transitions, EUTRA Rel-13 will, for UEs supporting UP based data transfer, support the possibility to suspend an RRC connection to be resumed at a later time. As per guidance from RAN plenary, intention is to support the solution for NB-IoT UEs and other UEs.
To facilitate resumption of a stored UE context, the stored UE context in the eNB needs to be identified. To this end, it has been agreed that in the message to resume, the UE provides an identifier (a.k.a. Resume ID) to be used by the eNB to access the stored information required to resume the RRC Connection.
The Resume ID was discussed at the RAN2 NB-IoT ad-hoc meeting and in the email discussion on RRC functions for suspend resume after the meeting. 
In this contribution discussion of aspects and properties of the Resume ID is continued and a suitable Resume ID is proposed and justified. Especially, we highlight the aspects that need to be taken into account when considering resumption of other UEs than NB-IoT UEs.
2 Resume ID

The Resume ID should identify the (stored) UE context in an eNB. Hence it needs to be unique within an eNB. Since, due to mobility and/or changes in propagation environment, a UE may try to resume in a different cell, however, the Resume ID should also identify the eNB to avoid ambiguity in case the new cell is controlled by a different eNB. In the following, different possibilities for Resume ID are discussed. In particular C-RNTI, PCI, Cell Identity and eNB assigned identifier(s) are considered.

2.1 C-RNTI, PCI and Cell Identity [1]
The Cell Radio Network Temporary Identifier (C-RNTI) is a 16-bit AS identifier which identifies the UE and the RRC context in a cell.
The Physical Cell Identifier (PCI) can take 504 distinct values and is used to distinguish cells in a local environment. As such the PCI does not identify the eNB.

The Cell Identity is a 28-bit identifier which is used to unambiguously identify a cell within a PLMN. The leftmost part of the Cell Identity corresponds to an eNB Identity which identifies the eNB within the PLMN.

The combination of active C-RNTI and PCI is currently used for identifying the UE context at RRC connection re-establishment. For connection reestablishment the contexts which need to be handled pertain to active connections and a local area. The re-establishment area is not very large as the UE would not move far before triggering a radio link failure, i.e., RLF should be triggered when the UE loses the connection to the PCell. Thus active C-RNTI in combination with PCI is a reasonable context identifier for connection reestablishment.

For connection resume, however, it is considered that due to very large number of terminals and very infrequent data, a larger number of contexts as well as the eNB need to be identified. The UE can be long time in dormant state before sending RRC Connection Resume Request. 

Observation 1 As compared to re-establishment, the area for RRC Connection Resume is large as it is not linked to the connected mode UEs.

In NB-IoT framework, it is assumed that the devices can be many times rather stationary.  However, this cannot be assumed for other UEs. Those UEs may move far from the source cell. Due to this, the resume area is even larger for other UEs than NB-IoT UEs. 

Observation 2 The resume area is larger for mobile UEs which may move far before RRC Connection Resume is triggered 

In NB-IoT Ad Hoc in Budapest, the working agreement was that C-RNTI is used as a part of Resume ID. However, there is risk that C-RNTI range is too small. PDCCH blind decoding performance depends on active C-RNTI allocations. For performance reasons it is desirable to use only a subset of the C-RNTI space. If connected and suspended contexts share the same C-RNTI space and only half of the C-RNTIs can be used, only a total of roughly 32000 connected and suspended UEs can be supported under a cell.  
Observation 3 C-RNTI space is limiting as there might be a large number of dormant UEs in the cell. This is equivalent for NB-IoT case and non-NB-IoT case.

In addition, other drawbacks of active C-RNTI in combination with PCI or CellIdentity include:

· active C-RNTI and PCI/Cell Identity pair is known to a potential attacker

· creates dependency between management of connected and suspended contexts. C-RNTI assignment history in stored contexts would need to be considered when assigning active C-RNTIs to UEs. As a consequence suspend impacts functionality unrelated to the suspend/resume functionality.

· The Physical Cell Identifier (PCI) can take 504 distinct values and is used to distinguish cells in a local environment. As such the PCI does not identify the eNB.

· PCI reuse is not deterministic and boundaries between areas reusing the same PCI cannot be detected by the UE; e.g., they are not aligned with TA borders. Thus, the UE cannot determine when to and when to not attempt resume.

· CellIdentity is associated with the primary PLMN of the cell. In case the primary PLMN of the new cell is different from the primary PLMN of the cell in which the connection was suspended, the PLMN would need to be signalled or resume should not be attempted. This may not be ideal in network sharing scenarios.

· CellIdentity is a 28-bit identifier. In combination with active C-RNTI this results in a 44-bit identifier which is not easily reduced. The active C-RNTI+CellIdentity further has the limitations of both active C-RNTI and CellIdentity.

2.2 eNB Assigned Identifier

To meet the objectives of:

· supporting a very large number of devices with very infrequent data

· identifying eNB over a large resume area
· decoupling management of active C-RNTIs and stored contexts

It is suggested to use an eNB assigned identifier. The eNB assigned identifier would consist of a UE Id part and a Node Id part. The UE Id part could consist of a suspend C-RNTI part and a cell Id part or be a UE Id within a node. By assigning a suspend C-RNTI at suspend, active C-RNTIs and suspend C-RNTIs can be separated.
An eNB assigned identifier
· does not have the drawbacks associated with using active C-RNTI in combination with PCI or Cell Identity.
· is a simple solution

· decouples network configuration aspects from the Uu protocols

· decouples management of connected and suspended contexts

· is a proven mechanism which is used in, e.g., UMTS

In UMTS, the UE is assigned a U-RNTI identifier by the RNC. The U-RNTI is used among other things to find the relevant UE context at URA update. The U-RNTI consists of RNC Id and S-TMSI parts. The split of bits between RNC Id and S-TMSI depends on network configuration and is not known to the UE. The RNC Id was originally 12 bits. This was later considered too small and an extended RNC Id with 4 extra bits was introduced. The possibility to adapt to future needs, without affecting the operation of existing UEs, provides future proofness; something which is particularly important for devices with long expected life. 

In summary an eNB assigned Resume ID avoids the drawbacks of other options and has several additional benefits as described above. We therefore believe that the Resume ID should be assigned by the eNB at suspend.

Proposal 1 The Resume ID is assigned by the eNB with the suspend message.

Proposal 2 The Resume ID is a 40-bit identifier, with a Node ID part and a UE part.
Proposal 3 The UE part of the Resume ID may consist of a suspend C-RNTI and a cell Id part under the control of the eNB.
3 Conclusion

Definition of a Resume ID was discussed in this contribution and following observations made:

Observation 1
As compared to re-establishment, the area for RRC Connection Resume is large as it is not linked to the connected mode UEs.
Observation 2
The resume are is larger for mobile UEs which may move far before RRC Connection Resume is triggered
Observation 3
C-RNTI space is limiting as there might be a large number of dormant UEs in the cell. This is equivalent for NB-IoT case and non-NB-IoT case.


Due to the benefits of a network assigned identifier and various limitations in definitions and scopes of active C-RNTI, PCI and Cell Identity, it was concluded that eNB assigned identifier(s) would be preferred. In summary the following proposals are made:

Proposal 1
The Resume ID is assigned by the eNB with the suspend message.
Proposal 2
The Resume ID is a 40-bit identifier, with a Node ID part and a UE part.
Proposal 3
The UE part of the Resume ID may consist of a suspend C-RNTI and a cell Id part under the control of the eNB.
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