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1 Introduction
Based on the incoming LS from SA2 [1] the authorization of coverage enhancements was discussed in RAN2#95bis [2], [3]. The following agreements were made:

· Applicable in and at transition to CONNECTED. 

· Impact to/applicability to Idle is FFS.

· FFS if IDLE would manage CE by new suitability threshold

· FFS if applicable to signalling or if we would need specific mechanism to get out of “stuck” situations. 

· FFS if the Authorized Coverage levels in LTE could be mapped to normal cov, CE mode A, B
· FFS what is an authorized coverage level for NB-IoT, as for NB-IoT we only have repetition levels that can be different for different cells. 
· FFS if impact to CONNECTED mobility. 

A reply LS to SA2 [4] was sent with further questions on the authorization of coverage enhancements, and whether it applies both LTE and NB-IoT. SA2 replied in [5], but SA2 did not reach agreement on:

· whether coverage authorisation applies to NB-IoT

· whether the UE can use the cell for mo-ExceptionData (NB-IoT) even if the cell is below the authorized coverage level

SA2 would like to have feedback on RAN impact to support authorization of coverage enhancements for NB-IoT and the feasibility to support this in REL-14.  SA2 would be happy with feedback early in the week of SA2#118 meeting (i.e. 14 – 18 Nov, 2016).

CT1 also discussed the authorization of coverage enhancements, and replies that the impact on the PLMN selection procedure, this would primarily depend on the changes in the underlying AS cell selection/reselection procedures, state machines and states (i.e. RAN2 agreements) [6]. CT1 does not recommend authorization of coverage enhancements for NB-IoT. 
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 is a reply LS from SA2: 

 [95bis#31][LTE/NB-IOT/eMTC] Coverage authorisation (Ericsson)


Conditional on receiving a response LS from SA2. To discuss the requirements from SA2 and to discuss potential solution to meet those requirements


Intended outcome: Email discussion report to the next meeting


Deadline: Tuesday 01/11/2016

The email report can be found in [3].

In this contribution a possible solution for the authorization of coverage enhancements for LTE and NB-IoT (if agreed) is discussed further. 

2 Discussion
To enable a solution in the REL-14 time frame a solution should be based on existing procedures as much as possible, and the solution should take into account the answers provided by SA in S2-166286. 

A potential baseline for LTE is outlined 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 
Based on the baseline described above the following topics are discussed further:

1. cell suitability
2. cell re-selection
3. PLMN selection
4. iRAT mobility
5. connected mode mobility
6. NB-IoT
RAN2 should selects a solution that fits within the existing framework and procedures to limit the impact. 
Cell suitability
The cell selection criterion for enhanced coverage is a natural function to consider for the authorization of coverage enhancements. In case the UE needs to apply this criterion, because the legacy criterion is not fulfilled, the UE is in coverage enhancements. Furthermore, the UE should still be able to make emergency calls, even when the coverage enhancements are not authorized, i.e. the natural choice is to consider the cell acceptable, and enter limited service state. This approach fits within the existing idle mode procedures.
The alternative approach, to consider the cell barred, when the UE requires coverage enhancements, but these are not authorized, to our understanding technically would also work, but was “rejected” by SA2. Emergency calls can be exempted for access barring.  
Proposal 1: A UE supporting coverage enhancements in LTE shall consider 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.
Cell re-selection

In enhanced coverage the UE reverts to cell ranking (section 5.2.4.6a in 36.304) to enable the UE to re-select to a better ranked cell (e.g. stronger cell) e.g. when the current cell becomes acceptable due to authorization. To some extend this avoids the UE getting “stuck” on a cell where it is not authorized to use coverage enhancements. Nevertheless with cell ranking cell and/or frequency specific offset can be configured to “bias” cells and frequencies. Typically frequency offsets are used to provide some “stickiness” to a frequency, and ensure that the load balancing that the NW applies with redirection to a certain carrier in the release is effective and stable. To find a balance between the desire of the UE to always select the best/strongest cell, but to also guarantee NW control with load balancing it is proposed that the UE may disregard the frequency offsets in system information when the cell becomes acceptable due to authorization but shall use the dedicated frequency offsets provided in release (if agreed) [7]: 
Proposal 2: When the cell is acceptable due to authorization the UE may omit the frequency specific offset system information with cell ranking to find a suitable cell
PLMN selection
SA2 indicated that authorization is per PLMN, but did not indicate whether the authorization during ATTACH/TAU is for the registered PLMN, or whether a PLMN list with authorization info is provided. It is also not clear if the authorization info, in ATTACH/TAU  is static (because it is based on subscription info), or that it can change in subsequent ATTACH/TAU. It is not clear if NAS can make use of stored authorization info. In case NAS only knows the authorization of the registered PLMN, there is perhaps not much NAS can do with the authorization info in the PLMN selection procedure. In our view potential impact of authorization on the PLMN selection procedure is complicated, and should perhaps be avoided. In any case this is something for CT1 to discuss and agree. 

It is obvious that AS needs to be informed if coverage enhancements for the selected PLMN are authorized (default yes). And AS needs to inform NAS about limited service state (e.g. when the cell is acceptable due to authorization): 
Proposal 3a: NAS informs AS when the selected PLMN is not authorized for coverage enhancements 

Proposal 3b: AS informs NAS when the UE enters limited service state due to authorization of coverage enhancements and when UE enters normal service again
Proposal 4: RAN2 informs CT1 about the RAN2 agreements (e.g. cell suitability), and expected AS-NAS interaction for authorization of coverage enhancements, and leaves it to CT1 to discuss potential impact on PLMN selection

iRAT mobility
In case the UE is in enhanced coverage in LTE, it is not clear if another RAT (e.g. GSM) can provide coverage at the same spot. However there is no reason to prohibit normal iRAT cell re-selection, if supported, either: 
Proposal 5: Existing cell re-selection procedures and rules are used with authorization of coverage enhancements and iRAT mobility (if applicable)

Connected mode mobility
In connected mode the NW is in control, and the eNB has the authorization info, and can handle that appropriately. In some cases, Idle mode procedures are used in connected mode, e.g. cell selection with RRC re-establishment. For simplicity it is proposed that the UE applies the same handling of authorization in that case. 
Proposal 6: Authorization of coverage enhancements does not impact connected mode mobility (i.e. left to network implementation). In case Idle mode procedures apply in connected mode (e.g. RRC re-establishment) the Idle mode procedure handling of authorization of coverage enhancements applies

NB-IoT
Coverage enhancements have been included in the NB-IoT design as an integral part, and NB-IoT does not distinguish “enhanced coverage”, and NB-IoT is required to support all CE levels (0, 1, 2). However deployment of NB-IoT may happen in different phases, and also with different coverage enhancement levels. In the first phase, which we can currently observe, the highest coverage enhancements levels is not planned for. In our view NB-IoT can be adapted in REL-14 without too much impact, to enable normal and enhanced coverage, and follow the same approach as LTE for authorization of coverage enhancements: 
Proposal 7a: Introduce cell suitability criteria for enhanced coverage in NB-IoT
Proposal 7b: Introduce acceptable cell concept in NB-IoT (re-introduce camped-any state?)
Proposal 7c: UE is allowed to send mo-ExceptionData on acceptable cell in NB-IoT
3 Summary

RAN2 is kindly asked to discuss authorization of the use of coverage enhancements: 

Proposal 1: A UE supporting coverage enhancements in LTE shall consider 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.

Proposal 2: When the cell is acceptable due to authorization the UE may omit the frequency specific offset system information with cell ranking to find a suitable cell

Proposal 3a: NAS informs AS when the selected PLMN is not authorized for coverage enhancements 

Proposal 3b: AS informs NAS when the UE enters limited service state due to authorization of coverage enhancements and when UE enters normal service again

Proposal 4: RAN2 informs CT1 about the RAN2 agreements (e.g. cell suitability), and expected AS-NAS interaction for authorization of coverage enhancements, and leaves it to CT1 to discuss potential impact on PLMN selection

Proposal 5: Existing cell re-selection procedures and rules are used with authorization of coverage enhancements and iRAT mobility (if applicable)

Proposal 6: Authorization of coverage enhancements does not impact connected mode mobility (i.e. left to network implementation). In case Idle mode procedures apply in connected mode (e.g. RRC re-establishment) the Idle mode procedure handling of authorization of coverage enhancements applies

Proposal 7a: Introduce cell suitability criteria for enhanced coverage in NB-IoT

Proposal 7b: Introduce acceptable cell concept in NB-IoT (re-introduce camped-any state?)

Proposal 7c: UE is allowed to send mo-ExceptionData on acceptable cell in NB-IoT
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5 Annex: Key issue #1 in 23.730
Solution 1 is based on principle of keeping new UE subscription parameter in HSS. This parameter dictates if coverage enhancements is authorized or not for the UE. The parameter is provided to the UE by the MME as part of NAS signalling (i.e. Attach and TAU procedures). Solution also addresses the architectural requirement to allow the 3rd party service provider to query the status of, or enable, or disable Coverage Enhancements capability per UE. Solution 1 has no impact on the RAN. 
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Solution 2 is based on principle of configuring UE (e.g. using OMA-DM or at UE manufacturing) whether it is allowed to use coverage enhancements or not. Solution is mainly useful for UEs which the network is not expected to change this configuration. Given the limited applicability of this solution it is proposed to not use this solution for the normative work.

Solution 3 is also based on principle of keeping new UE subscription information in HSS (called as CE authorization information). This parameter dictates if coverage enhancements is authorized or not for the UE. Parameter is provided to the UE by the MME as part of NAS signalling (i.e. Attach and TAU procedures). This is very similar to solution 1. 
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Solution 4 (subscription based authorization via S1) is also based on principle of keeping new UE subscription information in HSS (called as CE authorization information). However as compared to solution 1 & 3, MME provides CE authorization information obtained from HSS to the RAN. The RAN enforces the CN decision and informs the UE. In addition to UE and CN impacts, solution has additional impacts on the RAN. One benefit of enforcement by the eNB, in addition to the enforcement by the UE, is to address the case of misbehaving UEs. 
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