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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. For NB-IoT, the support of UP based data transfer with DRBs enables the usage of current QoS framework and prioritization of the packets by the scheduler in the eNB. 
The solution reduces the signaling required for UE state transition from the IDLE to CONNECTED in order to have a user plane transaction with the network and back to IDLE state on the radio interface from 10 down to 5 messages and on the S1AP from 6 down to 4 messages. If the User Plane fits into message 3 then the reduction is from 10 down to 4 messages including the acknowledgement of the User Plane reception. The reduced signalling also improves UE battery lifetime.

The solution reduces signalling overhead of any type of traffic independent of the payload size. Storing RRC parameters when leaving RRC Connected state allows flexible usage of UE specific parameters (dedicated RRC parameters) without introducing overhead due to additional RRC connection reconfiguration. 

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.
In this contribution aspects and properties of the Resume ID is discussed and a suitable Resume ID is proposed. 
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 Resume IDs based on existing and new identifiers are considered.
2.1 Existing identifiers

In the current standard a number of different identifiers are defined. Existing UE and cell and/or eNB identifiers are, e.g.: GUTI, S-TMSI, C-RNTI, PCI and CellId. 

2.1.1 GUTI and S-TMSI [2]
The Globally Unique Temporary UE Identity (GUTI) is an 80-bit identifier which provides an unambiguous identification of the UE that does not reveal the UE or the user's permanent identity in the Evolved Packet System (EPS). It also allows the identification of the MME and network. It can be used by the network and the UE to establish the UE's identity during signalling between them in the EPS.
The GUTI has two main components:
· the Globally Unique MME Identifier (GUMMEI) that uniquely identifies the MME which allocated the GUTI; and 

· the M-Temporary Mobile Subscriber Identity (M-TMSI) that uniquely identifies the UE within the MME that allocated the GUTI.

The S-Temporary Mobile Subscriber Identity (S-TMSI) is the 40-bit shortened form of the GUTI to enable more efficient radio signalling procedures (e.g. paging and Service Request). The S-TMSI shall be constructed from the MME Code (MMEC) and the M-TMSI. The S-TMSI identifies the UE within an MME pool.

At connection establishment, the UE typically provides the eNB with the S-TMSI in the RRCConnectionRequest message. 

Both GUTI and S-TMSI are EPS and MME centric identifiers and neither GUTI nor S-TMSI identifies the eNB. Thus, the 80 and 40 bits of the GUTI and S-TMSI, respectively, is considered a bit longish to signal over the air interface for only identifying the UE. The S-TMSI also may not be unique across TA borders. In addition S-TMSI can be reassigned by the MME transparent to the eNB so additional functionality would be needed to keep up to date S-TMSI in the eNB. Furthermore it is considered that long lived identifiers such as GUTI and S-TMSI should not be kept in the RAN. Therefore, we conclude that GUTI and S-TMSI do not seem suitable candidates to include in the Resume ID.

2.1.2 C-RNTI, PCI, Cell Identity and Cell Global Identity [3]
The Cell Radio Network Temporary Identifier (C-RNTI) is an 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 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. Thus C-RNTI in combination with PCI is a reasonable context identifier.

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. To this end, one could consider using C-RNTI in combination with Cell Identity. A benefit of such a proposal is that C-RNTI and Cell Identity are identifiers known by the UE and which would not be signalled to the UE at suspend time. This is however also a drawback since the C-RNTI and Cell Identity pair would be equally available to a potential attacker.

Another drawback of using C-RNTI in a Resume ID is that it would complicate C-RNTI handling due to creating a dependency between C-RNTI assignment and stored contexts. C-RNTI assignment would need to consider C-RNTI assignment history in stored contexts. This is undesirable. 

2.2 New Identifier

To meet the objectives of:

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

· identifying eNB

· decoupling management of C-RNTIs and stored contexts

It is suggested to define a new eNB assigned identifier. A Resume ID which is assigned to the UE at suspend is associated with some signalling but also ensures, by ciphering, that it is not visible or predictable to external parties. With visible or predictable identifiers a nonce may need to be added with protected signalling, resulting in similar signalling.
One possibility is to combine a 20-bit eNB identity (cf eNB part of Cell Identity) with an eNB assigned 20-bit UE identifier (independent from C-RNTI).

Resume ID: {eNB ID (20 bits) + UE ID (20 bits)}
This is however believed to be unnecessarily inflexible when anyway defining a new identifier. It would also preclude application to HeNBs for which the eNB identity is 28 bits long. 

To avoid above limitations it is therefore porposed to use a 40-bit Resume ID with a flexible use of the 40 bits. The Resume ID is assigned by the eNB and the amount of bits used for ‘Node ID’ and ‘UE ID’ is suggested to be configurable per TA; e.g., using O&M.

TA_1:

Resume ID: {eNB ID (14 bits) + UE ID (26 bits)}
TA_2:

Resume ID: {eNB ID (22 bits) + UE ID (18 bits)}
Proposal 1 The Resume ID is a 40-bit identifier, with a Node ID part and a UE part, assigned by the eNB.

Proposal 2 The number of bits used for Node ID and UE ID is configurable per TA.

If flexible configuration is not agreeable a fixed allocation of the number of bits per identity could be used, e.g. aligning the range of UE IDs with the range of S1APs per eNB.

Proposal 3 Alternatively, if flexible configuration is not agreeable, the range of the UE ID part can be aligned with the range of S1APs per eNB.

Given that in this proposal the Resume ID is unique per TA the resume procedure would be limited to a Tracking Area, i.e. not possible across TAs. This is considered an acceptable limitation. If considered essential, solutions to get Resume procedure to work with this Resume ID also across TA can be considered.
3 Conclusion

Definition of a Resume ID based on existing or new UE and eNB identifiers were discussed. Due to various limitations in definitions and scopes of existing identifiers it was concluded that a new eNB assigned identifier with configurable eNB and UE ID regions would be preferred. In summary the following proposals are made:

Proposal 1
The Resume ID is a 40-bit identifier, with a Node ID part and a UE part, assigned by the eNB.
Proposal 2
The number of bits used for Node ID and UE ID is configurable per TA.
Proposal 3
Alternatively, if flexible configuration is not agreeable, the range of the UE ID part can be aligned with the range of S1APs per eNB.
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