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1 Introduction

During RAN2#95bis it was agreed to have an email discussion on the authorization of coverage enhancements in LTE and NB-IoT in REL-14, provided that there was a reply LS from SA2 (provided in [1]), which there was. This was started and the result is [2]. This contribution looks at some other possible RAN impacts of the proposed SA2 agreed mechanism for Enhanced Coverage Authorization.

2 SA2 agreed solutions
SA2 has agreed to develop a solution as described in SA2 TR 23.730 in conclusions Section 8 (i.e. Solution 1 as in Section 6.1 is the basis for normative specifications, and in addition the S1 impacts from Solution 4 as in Section 6.4). For Solution 1 shown below the UE will:

Receive Enhanced Coverage Allowed parameter as part of NAS procedure (i.e. ATTACH ACCEPT, TAU/RAU ACCEPT).

Store Enhanced Coverage Allowed parameter per PLMN and use Enhanced Coverage capability (i.e. indicating CE capability to the network) based on value of Enhanced Coverage Allowed parameter.
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Figure 1: Solution 1: Enhanced Coverage Allowed indication to the UE
For solution 4 subscription based authorization is enforced at the eNB with the addition of S1 signalling as shown in figure 2.
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Figure 2: Solution 4: Subscription based authorization via S1
For the procedure using authorization of CE at Attach the CN verifies (using the subscription information) whether the UE is allowed to use CE and informs RAN, e.g. the CE authorization information may include the following:

· A CE indication to indicate whether the UE can use the CE functionality or not
· Mechanism for Enhanced Coverage Authorization.
3 Possible RAN Impacts

Email discussion [2] has discussed a potential solution for LTE which is repeated below:
· UE considers the cell to be “acceptable” and to be in “limited service state” when the UE is in enhanced coverage, and the UE is not authorized to use coverage enhancements in the selected/registered PLMN (note: the UE is in enhanced coverage when the cell selection criterion S (Qrxlevmin_CE, Qqualmin_CE) for enhanced coverage is fulfilled, and cell selection criterion S (Qrxlevmin, Qqualmin) is not fulfilled)

· When the UE is camping on an “acceptable” cell the UE is allowed to make emergency calls according to the existing procedures

· When the UE is camping on an “acceptable” cell the UE will try to re-select to a “suitable” cell within the same or equivalent PLMN. The authorization is assumed to be the same in equivalent PLMNs

· The UE indicates the available PLMNs to NAS as usual, which NAS considers for PLMN selection according to the existing procedures

· A multi-RAT capable UE may search for cells in other RATs and perform iRAT cell re-selection according to the existing procedures

A UE in connected mode does not need to take into account the authorization of coverage enhancements (e.g. during RRC re-establishment) because the authorization of the selected/registered PLMN is only known after ATTACH/TAU for the registered PLMN and assumed to be the same in equivalent PLMNs.
The procedure changes the criteria for selection of a “suitable” cell to include the authorization of the UE for a particular cell. However, it may also be useful to see the authorization of the UE for a particular cell as a kind of “access control” as the behaviour required is that the UE does not access certain cells. In particular if the requirement is to control access depending on the coverage level capability of a cell (e.g. CE-ModeA and CE-ModeB) then we should also consider the use of access control based on coverage level.
Proposal 1: For access control based on coverage level we should define an access control based cell selection mechanism.
LTE uses two modes (CE-ModeA and CE-ModeB) corresponding to PRACH CE levels 0 and 1 and to PRACH CE levels 2 and 3. The UE receives information for the two modes of operation in system information.  A UE supporting coverage enhancement could determine how to access a cell based on the use of Enhanced Coverage capability. In this case it may be required for the eNB to indicate Enforcement of CE authorisation in the SI broadcast by the eNB.  For example, this would allow eNB to control if the UE is to send the CE support capability as part of the RRC attach procedure.
Proposal 2: The eNB should indicate Enforcement of CE authorisation in the SI broadcast by the eNB.
For NB-IoT, there is only one mode of operation supported by all UEs and up to three PRACH CE levels 0, 1 and 2 can be used at Random Access. If we define SI for the indication of enforcement of the CE support then it can also be used in this case for NBIoT devices as an indication of supported CE levels. 

Proposal 3: The eNB should additionally indicate NBIoT CE level support in the SI broadcast by the eNB when Enforcement of CE authorisation is used.
For Solution 4 it is necessary to decide which RACH procedure message should the CE support capability be sent in? Either RACH Message 3 or message 5 could be used. To allow both NBIoT UP and CP optimisations it is preferable to use message3.
Proposal 4: The UE should send Enforcement of CE authorisation in RACH message 3.
4 Conclusions and Proposals
In this contribution, we discuss the mechanism for Enhanced Coverage Authorization. Based on these discussions, we have the following proposals:
Proposal 1: For access control based on coverage level we should define an access control based cell selection mechanism.
Proposal 2: The eNB should indicate Enforcement of CE authorisation in the SI broadcast by the eNB.
Proposal 3: The eNB should additionally indicate NBIoT CE level support in the SI broadcast by the eNB when Enforcement of CE authorisation is used.
Proposal 4: The UE should send Enforcement of CE authorisation in RACH message 3.
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