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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 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

After one week email discussion SA2 agreed on the reply LS S2-166286. SA2 answered the questions from RAN2, 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).
The deadline of this email discussion is Thursday, 2016-11-04, 23:59 Pacific Time.
This report gives a summary of the email discussion.

2 Background

2.1 SA2
Motivation (see TR 23.730):

The usage of Coverage Enhancements may require use of extensive resources (e.g. radio and signalling resources) from the network. Therefore it should be possible to authorize usage of the Coverage Enhancements functionality to ensure that only specific subscribers (e.g. those subscribed to use this service) are able to benefit from the feature. 

SA2 agreed solution 1 and 4 for authorization of coverage enhancements (see TR 23.730). 
Solution 1

A new subscription parameter in HSS called Enhanced Coverage Allowed parameter (per PLMN) is added. After ATTACH/TAU procedure the UE is informed whether it is authorized to use coverage enhancements: 
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Figure 6.1.1.2-1: Enhanced Coverage Allowed indication to the UE (TS 23.730)
Furthermore enhanced coverage information is included in the Paging message from MME to eNB to control the resources needed for paging when the UE is not authorized for coverage enhancements:  
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Figure 6.1.1.3-1: Paging with Enhanced Coverage (TS 23.730)
Solution 4

The eNB is informed about the CE authorization info of the UE to enable the eNB to enforce the authorization of coverage enhancements: 

[image: image3.emf]UE eNB MME HSS

5. Generate 

CE authorization information 

2. Random Access + RRC connection

Setup (CE support capability; NAS: 

Attach Request)

3. S1AP: Initial UE Message

(CE support capability, NAS: Attach 

Request)

1.UE determines the CE level 

based on radio channel quality

 7. Enforces CE authorization 

information

8a. RRC: RRC connection reconfiguration

(NAS: Attach Accept)

6. S1AP: Initial Context Setup

(CE authorization information, 

NAS: Attach Accept)

or

8b. RRC: RRC connection reconfiguration

(CE non-authorized; NAS: Attach Accept)

4. UE subscription acquisition 

(CE subscription information)


Figure 6.4.1.2-1: Authorization of CE at Attach (TS 23.730)

2.2 RAN2

The following contributions were discussed during RAN2#95bis: 
R2-166329 Enhanced Coverage Authorisation, Huawei, HiSilicon, Neul, DISC

R2-166564 Authorization of use of Coverage Enhancements, Ericsson, DISC
And the following agreements were reached:

· 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. 
3 Discussion
For discussion sake, it is proposed that a (simple) solution is discussed for LTE first. Next the applicability and feasibility for support in NB-IoT is discussed. The answers provide by SA2 in S2-166286 need to be taken into account for this solution. 
For discussion sake a potential simple/baseline solution 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. Does authorization of coverage enhancements impact cell suitability?
2. Does authorization of coverage enhancements impact cell re-selection?

3. Does authorization of coverage enhancements impact PLMN selection?

4. Does authorization of coverage enhancements impact iRAT mobility?

5. Does authorization of coverage enhancements impact connected mode mobility?

6. Is authorization of of coverage enhancements applicable to NB-IoT?
Issue 1: Does authorization of coverage enhancements impact cell suitability?
	Company
	Comments

	Ericsson
	Yes, i.e. when the UE is in enhanced coverage and the UE is not authorized to use coverage enhancements for the selected PLMN, then the UE shall consider the cell ”acceptable” and the UE enters ”limited service state”.

	Deutsche Telekom
	 The authorization of coverage enhancements does not impact the suitablility of a cell to camp on. We see this authorisation more like an “access barring” once the UE is camped on a (suitable) cell and is on a coverage extension level. Thus, the non-authorization also does not trigger any cell selection/reselection. 

	Huawei, HiSilicon
	Yes, authorisation of coverage impacts the suitability criteria and thus cell selection/ re-selection.

	Vodafone
	I am not sure I understand what limited services mean in regards to the UE without authorisation to use coverage enhancements. At least it is not clear for NB-IoT. I think that it impacts the selection and re-selection procedures. Please also note a corresponding answer from SA2: Coverage enhancement authorization controls cell selection, cell reselection and as a result may cause PLMN selection, but is not expected to be used for access control (i.e. case 3).



	Intel
	Yes, we think that cell suitability will be impacted. For LTE/MTC case, some possible changes may be on the use of S criteria:

·  LTE UE not authorized for coverage enhancement will just base its cell suitability on cell selection criterion S in normal coverage and not on the cell selection criterion S for enhanced coverage. It will use the cell selection criterion S for enhanced coverage to determine whether it can be used as an acceptable cell.
· LTE UE authorized for coverage enhancement can base its cell suitability on both the cell selection criterion S in normal coverage as well as in enhanced coverage as in Rel-13.

	Nokia
	Probably not, but this is not very clear and could be studied further. 

SA2 answered in their LS to RAN2 that Coverage enhancement authorisation controls cell selection, cell reselection and as a result may cause PLMN selection, but is not expected to be used for access control. However we think that RAN2 can consider which of these options is the most preferable from RAN2 point of view. We agree with Deutsche Telekom that coverage authorisation can be possible used in “access barring” manner. Access control option should be studied further.

	ZTE
	Yes. The restriction for UE in unauthorized coverage enhancement (CE) not to use network resource should be provided in cell selection (cell suitability check) procedure. If no such restriction, the user experience will be poor for the UE cannot establish service even through it’s in suitable state in a cell. Such case will also lead difficulty in NW trouble shooting.


Issue 2: Does authorization of coverage enhancements impact cell re-selection?
	Company
	Comments

	Ericsson
	We would like to avoid this to keep the solution simple. However with priority based cell re-selection the UE could potentially be on a priority layer where it requires coverage enhancements, while there is a cell on a lower priority layer which provides normal coverage and the UE could obtain normal service.

	Deutsche Telekom
	See above answer to Issue 1. The non-authorisation does NOT impact cell selection or reselection.

	Huawei. HiSilicon
	If the suitability criteria is impacted, them cell reselection is impacted as a result.

	Vodafone
	See above, I think it is impacted as well

	Intel
	For LTE/MTC case, we do not think cell reselection will be impacted with coverage enhancements authorisation. UE in enhanced coverage will always try to search for better cell through ranking based rather than priority based cell reselection. Regardless of whether a UE is authorised for coverage enhancement, UE will always try to look for better cells (i.e. a better rank cell if UE is in enhanced coverage or higher priority cell if UE is In normal coverage) within a PLMN or equivalent PLMNs.

	Nokia
	Probably not, but this option and its impacts should be studied further. 

	ZTE
	Yes. As issue 1, we prefer that authorization of coverage enhancements impacts cell suitability. The cell suitability is also checked during cell reselection.


Issue 3: Does authorization of coverage enhancements impact PLMN selection?
	Company
	Comments

	Ericsson
	In first instance this is for CT1 to discuss and agree. It is not clear whether during ATTACH/TAU the UE receives the authorization for a list of PLMNs, or only for the registered PLMN? It is assumed that the authorization is the same for the PLMN and its equivalent PLMNs.

	Deutsche Telekom
	See answer on issue 1 & 2

	Huawei. HiSilicon
	We assume PLMN selection will be impacted if the UE cannot find any suitable cell on the selected PLMN. NAS may then trigger PLMN selection 

	Vodafone
	See above, yes there is an impact

	Intel
	Agree with Ericsson. PLMN selection is a CT1 topic.

	Nokia
	This would be up to CT1 to discuss.

	ZTE
	We assume PLMN selection may be impacted. As described in 3GPP 23.730, the authorization of coverage enhancement is specified per PLMN. And multi-PLMN per cell is supported in NB-IoT and eMTC. UE in CE cell maybe select a PLMN with unauthorized CE which may cause no suitable cell can be found, although another PLMN with authorized CE maybe exist. So we think authorization of coverage enhancements should impact the PLMN selection procedure in order to help UE to initially select a PLMN with authorized CE.


Issue 4: Does authorization of coverage enhancements impact iRAT mobility?
	Company
	Comments

	Ericsson
	Similar answer as to issue 2. 

	Deutsche Telekom
	See answer on issue 1 & 2

	Huawei, HiSilicon 
	We don’t understand why this issue is raised. IRat mobility is based on cell re-selection or cell/PLMN  selection so answers are the same than issue 2 and 3

	Vodafone
	Also here, we need to differentiate WB-EUTRAN UEs and NB-IoT UEs. In case of NB-IoT UEs we do not have any I-RAT mobility anyway today which is supported by RAN in any way. For WB-EUTRAN UEs I think it is the same as for reslections.

	Intel
	IRAT mobility will be based on cell reselection criteria as in issue 2.

	Nokia
	It is not clear whether and how Inter RAT mobility is impacted. There may be need to broadcast CE level information on the other RAT in order that the UE would not need to read system information from the neighbour cell/RAT which increases the UE battery consumption. 

	ZTE
	Agree with Huawei.


Issue 5: Does authorization of coverage enhancements impact connected mode mobility (e.g. RRC re-establishment)?
	Company
	Comments

	Ericsson
	In case the authorization of the selected PLMN is provided after ATTACH/TAU and is the same for equivalent PLMNs then it may not impact connected mode mobility. 

	Deutsche Telekom
	No, to keep it simple. 

	Huawei, HiSilicon
	When handover is used, we assume this is handled by the eNB.

When mobility is handled via RRC connection Re-establishment, it  is based on cell selection and thus will be impacted through the suitability criteria.

	Vodafone
	We should try to avoid it

	Intel
	Once the coverage enhancement authorisation for the registered PLMN is known to the eNB during RRC Connected and the authorisation is just ON/OFF as in the SA2 LS (i.e. either normal coverage or CE ModeA/ModeB), there is no impact to connected mode mobility. From the UE side, the RRC Connection Re-establishment should follow the cell suitability criteria for normal coverage if the UE is not authorised for coverage enhancement.

	Nokia
	Yes, the same behaviour needs to possible in CONNECTED and IDLE. Both UE and NW based solution could be considered for achieving this. 

	ZTE
	No for NB-IoT. Based on the issue 1, coverage enhancements authorization considered in cell suitability checking can guarantee that RRC re-establishment is only in normal coverage (NC) cell or a cell with authorized CE.

Yes for feMTC. Measurement reporting or HO decision may be impacted in order that the cell with unauthorized CE should not be treated as a HO target cell.


Issue 6: Is authorization of of coverage enhancements applicable to NB-IoT?
	Company
	Comments

	Ericsson
	Yes, i.e. NB-IoT networks are assumed to be deployed in phases, e.g. “normal” coverage first (e.g. equivalent to CE level 0), and “enhanced coverage” later (e.g. equivalent to CE level 1 and 2). A similar approach as for LTE can be used for the authorization of coverage enhancements, when a suitability criteria for “enhanced coverage” is introduced in NB-IoT. In our view the UE should be allow to send mo-ExceptionData when in limited service state. 

	Deutsche Telekom
	Yes, Authorization of coverage enhancements shall be applicable to NB-IoT. A common solution valid for non NB-IoT use cases (especially for eMTC/Cat-M) would also be preferable.
In such a way up to 3 different coverage levels can be identified (1 normal and 2 extended ones based on broadcasted repetition levels and related signal thresholds) for NB-IoT and maybe just 2 (normal / extended) for eMTC/Cat-M; 

Note: Deutsche Telekom fails to understand what SA2 exactly means with “coverage extension for “WB-E-UTRAN”. RAN2 should ask this question back to SA2.

	Huawei. HiSilcon
	NB-IoT in rel-13 has no concept of “normal” coverage or “enhanced” coverage and there is a single of operation at the UE. 

When the use of coverage enhancements is disabled, a fixed offset  in the suitability criteria  is used to restrict the suitability of the cell. This offset should be defined by RAN4.

Assuming this is the only change (i.e. the UE behaviour is the same whatever suitability criteria is used) then the impact should be quite small.

There is no concept of limited service in NB-IoT. This was discussed and agreed. We don’t see any reason to change this. 

	Vodafone
	I think we should keep it away from NB-IoT as it brings just a huge complexity and extended coverage for NB-IoT is an accentual feature. Authorisation of coverage enhancements is a feature manly for smartphone with option support (c-plane, etc.) and that is also what WB-E-UTRAN means.

	Intel
	In view of the time, we would prefer not to pursue this for Rel-14. The simple approach as described in the email discussion may not be directly applicable to NB-IoT since there I is no cell suitability criteria for enhanced coverage and no acceptable cell in NB-IoT. The UE will always try to find a suitable cell and it is not possible for the UE, in such situation, to perform exception data reporting. Furthermore, there is strictly no concept of coverage level in NB-IOT except for the repetition value on NPRACH.
Also in general, CE was one of the key design criterion for NB-IoT and we see no compelling use-cases to apply authorization of CE to NB-IoT.  

	Nokia
	Since coverage extension is used by both MTC and NBIOT, both should be studied when the feature is specified. There may also be impacts to normal UEs utilizing CE modes – this should be clarified from SA2.

	ZTE
	No. 
There are at least the following issues for introducing CE authorization for NB-IoT:

· Coverage enhancement is an essential feature (or advantage) for NB-IoT, to introduce CE authorization for NB-IoT will weaken this advantage.

· CE authorization may have significant impact on UE experience, e.g. the UE experience will be poor if the UE is in CE cell but the CE is unauthorized. And the user is hardly to decide whether to subscribe the CE authorization since he hardly knows whether he will be in CE cell. 
· CE authorization will lead difficulty in NW trouble shooting. Network may not be able to distinguish UE's access failure caused by CE authorization from other failure caused by NW trouble or by UE trouble.
So we suggest that coverage enhancement authorization is not applied for NB-IoT.


4 Summary of email discussion

Seven companies replied to the email discussion. 
Issue 1: Does authorization of coverage enhancements impact cell suitability?

Five companies think that authorization impacts cell suitability, two companies think that it impacts access barring. 

Issue 2: Does authorization of coverage enhancements impact cell re-selection?
Note from email rapporteur: the question was intended to discuss if changes to the cell re-selection procedure are needed for authorization. It is acknowledged that when a cell is acceptable, the UE will try to find a suitable cell through cell re-selection. It is acknowledged that in enhanced coverage cell ranking applies. It is acknowledged that cell selection is part of cell re-selection, i.e. the cell has to fulfil the cell selection criterion to be selected. The question could have been formulated more clearly…

Most companies do not see a need to change the cell re-selection procedure with authorization. 
Issue 3: Does authorization of coverage enhancements impact PLMN selection?
One company thinks that PLMN selection should not be impacted. Most companies think that PLMN selection may be impacted (assuming that the cell is acceptable, and UE enters limited service state), but also think that this is something that should be discussed in CT1.
Issue 4: Does authorization of coverage enhancements impact iRAT mobility?
Note from email rapporteur: similar comment as for issue 2, i.e. the question was more if any particular changes would be needed. It is acknowledged that iRAT mobility is handled via cell re-selection in LTE, and is not supported in NB-IoT.

One company thinks that iRAT mobility should not be impacted. One company is not sure about the impact on iRAT mobility. Most companies think that iRAT mobility with authorization is handled through cell re-selection according to the existing procedures.
Issue 5: Does authorization of coverage enhancements impact connected mode mobility (e.g. RRC re-establishment)?
One company thinks there is impact on connected mode mobility. Most companies think it does not impact connected mode mobility. Two companies indicate that with RRC re-establishment the UE follows Idle mode procedure (cell selection). 
Issue 6: Is authorization of of coverage enhancements applicable to NB-IoT?
Three companies think that authorization should be applicable to NB-IoT, and three companies think it should not. One company indicates that cell suitability could be changed to enable authorization, but that limited service state should not be supported in NB-IoT. 
5 Proposed way forward

Based on the feedback the following proposals are made:

Proposal 1: Authorization of coverage enhancements impacts cell suitability

Proposal 2: The existing cell re-selection procedures and rules are used with authorization of coverage enhancements both intra-RAT and iRAT (if applicable)

Proposal 3: 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 4: 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 5: In case RAN2 agrees that authorization of coverage enhancements is applicable to NB-IoT adopt the same approach as for LTE
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