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1 Introduction
During RAN2#96 it was agreed to have an email discussion about the authorization of Coverage Enhancements (CE) in LTE (BL/CE UE) and NB-IoT:
[96#47][LTE/eNB-IoT/feMTC] Authorisation of CE (Ericsson)


Progress Stage-3 on Authorization of coverage enhancement


Intended outcome: Email discussion report


Deadline: Thursday 26/01/2017 
The deadline of the email discussion is Thursday, 2017-01-26, 23:59 Pacific Time. 
This report gives a summary of this email discussion.

2 Background

In RAN2#96 the following agreements were reached for LTE:

Agreements for LTE (eMTC UEs and LTE UEs that support CE)

0
The authorisation determines whether the UE is allowed to use the enhanced cell selection criteria or not.

1: 
UE not authorized of coverage enhancements shall consider a cell that can only be camped in normal service in CE mode as not suitable. UE can camp in limited service.

2
The existing cell re-selection procedures and rules are used with authorization of coverage enhancements.

3
RAN2 informs CT1 about the above RAN2 agreements, and that AS needs to know from NAS whether coverage enhancements are authorized. RAN2 have not discussed PLMN selection and leave that to CT1.

4
Authorization of coverage enhancements will not impact specifications for 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.

In RAN2#96 the following agreements were reached for NB-IoT:

· Authorization of coverage enhancement is applicable to NB-IoT

· RAN2 only modify the suitability threshold that the UE takes into account for the additional coverage enhancement level, where it is assumed that NAS provides an on/off indication to the UE.

Feedback from SA2 and CT1 about authorization of coverage enhancements was received in [1] and [2] respectively. RAN2 informed SA2 and CT1 about the RAN2 agreements [3]. 

The agreed SA2 CRs for authorization of coverage enhancements to 23.401, 23.060 and 23.682 can be found in [4], [5], [6].

3 Discussion
The following topics will be discussed for the authorization of coverage enhancements (separately for LTE and NB-IoT):

LTE:
1. Cell suitability

2. Connected mode

3. UE capability
NB-IoT:
4. Cell suitability

5. Connected mode

6. UE capability
For each topic some background information is provided and a question is raised. Draft CRs to 36.304, 36.306 and 36.331 are provided for information. 
1. Cell suitability (LTE)
It was agreed that authorization determines if the UE can use the enhanced cell selection criteria (Qrxlevmin_CE/Qqualmin_CE), see section 5.2.3.2 in 36.304: 

If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled. 
When the enhanced cell selection criteria is fulfilled, but the normal cell selection criteria is not fulfilled, and the UE is not authorized for CE, then the UE shall consider the cell not suitable, and enter limited service state (only emergency call and ETWS/CMAS is supported).
Issue 1: Introduce authorization of CE to the cell suitability criteria in section 4.3 in 36.304 for UEs that support coverage enhancements
	Company
	Comments

	Ericsson
	This is in accordance with the RAN2 agreements, i.e. authorization of coverage enhancements impacts the cell suitability.  
We do not see the need to specify that non-authorized UE shall only trigger PRACH with CEL0, i.e. this can be achieved with proper NW configuration.

	ZTE
	Agree. This is the agreement of RAN2 #96.

Furthermore, because different thresholds are used by the CE un-authorized UE to determine cell suitability (with Qrxlevmin) and CEL0 (with RSRP-ThresholdsPrachInfoList-r13), there may exist the case that the cell selection criterion S in normal coverage is fulfilled but the CE PRACH resource (e.g. CEL1 resource) is selected by the CE un-authorized UE. Such case is not in line with the CE Authorization requirement. 
To avoid this situation, some measures can be considered, i.e:

1.  NW always configures the consistent thresholds of cell suitability and CEL0.
2.  For the CE un-authorized UE, PRACH procedure cannot be triggered if the UE is not in CEL0.

	Huawei, HiSilicon
	There is no need to change the definition of a suitable cell in section 4.3. 
We only need to change the cell selection criterion to use a different threshold in section 5.2.3.2 (eMTC) and 5.2.3.2a (NB-IoT).

	Orange
	Yes, this is in line with RAN2 agreements.

	Qualcomm
	Agree with Ericsson.

	GTO
	Agree with Ericsson

	Intel
	This is the RAN 2 agreement for LTE. There is no need for further standardised mechanism to prevent access of a cell (e.g. UE not CE authorised should only stop at CEL0). 

We also think the text in Section 5.2.3.2 in TS36.304 to be change to:

"If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled and if upper layer authorizes the UE to operate in enhanced coverage."

	NEC
	Agree that this is the RAN2 agreement.  For the update of specification, Intel proposal looks good and further modifications can be done based on it. 

	Deutsch Telekom
	This seems to follow RAN2 agreements.

	Nokia
	No, we don’t see the need to introduce any changes in section 4.3. We think that changes should be done in section 5.2.3.2 where cell selection criterion is specified. 


2. Connected mode (LTE)
The eNB receives CE authorization information in the S1AP Initial Context Setup. The eNB can use this information to control the UE in connected mode (e.g. release, redirection and handover). The eNB can also decide to disregard this information, i.e. the eNB action is up to eNB implementation of the operator policy
In case the UE needs to perform cell selection in connected mode, e.g. during RRC re-establishment or with RedirectedCarrierInfo in RRC release, the UE follows the Idle mode procedures.
Issue 2a: Enforcement of CE authorization in connected mode is up to eNB implementation
Issue 2b: The UE follows the cell selection requirements with authorization in connected mode

	Company
	Comments

	Ericsson
	In our view the main purpose of authorization of coverage enhancements is in idle mode, i.e. preventing the UE to take more network resources than it is entitled to during access. In NB-IoT there is low mobility and short data transmissions, i.e. the eNB enforcement of CE authorization has a secondary effect. In any case the eNB has the authorization information, and the eNB action is up to eNB implementation of the operator policy.
We are not sure if there is a strong need for the target eNB to know this information in case of connected mode mobility (handover LTE, re-establishment LTE/NB-IoT). My current understanding is that SA2 has discussed these use cases, but I am still in the process to understand the RAN3 status/way forward.

	ZTE
	Both Issue 2a and 2b are needed. 
The use case of Issue 2a: For resource scheduling, the CE resource should not be used by the CE un-authorized UE, which should be guaranteed by eNB (i.e. In the case that UE is in CEL0 but data error rate is high, more than one physical repetition number may be scheduled to provide better radio performance for CE authorized UE usually; but no physical repetition can be scheduled for CE un-authorized UE).
Furthermore, in order not to allocate CE resource for a CE un-authorized UE in Msg4, the UE capability of CE authorization and CE authorization indication should be reported to eNB before Msg4 (e.g. in Msg3 with one bit to indicate whether CE resource can be used by the UE).

Handover in connected mode is supported in LTE. Since the UE capability of CE authorization and CE authorization indication for the UE are needed by eNB for CE authorization in connected mode, the UE capability of CE authorization and CE authorization indication for the UE should also be carried during handover procedure in S1 or X2 interface (e.g. by HANDOVER REQUEST message).
The use case of Issue 2b: For RRC re-establishment and redirection, the target cell is selected by UE and the CE cell should be excluded by the CE un-authorized UE. 
For handover, the target cell is measured and reported to eNB by UE, the CE un-authorized UE also should not report a CE cell to eNB.

	Huawei, HiSilicon 
	Issue 2a: we agree. 

Issue 2b: the same S criterion is used in idle mode and in connected mode. 

	Qualcomm
	Agree with issue 2a and 2b.

	GTO
	Agree with both issues

	Intel
	For Issue 2a, the enforcement of CE authorisation in RRC Connected can be left to eNB implementation provided that the UE indicates support of CE mode in the UE capability. For handover, the CE authorisation information from the S1AP Initial Context Setup should also be propagated to the target eNB via S1 or X2 AP (RAN 3 impact) and measurement should be dependent on the ce-Mode being set by the eNB.

For Issue 2b (i.e. during RRC connection re-establishment and RRC Connection Release with redirection), the UE will follow the cell selection requirements of the idle mode case (i.e. suitability of a cell is based on CE authorisation in idle mode).

	NEC
	Issue 2a: 
Agree that this is up to the eNB implementation from RAN2 point of view. No need for further specification.  On the other hand, it would be left to RAN3/SA2 whether the target eNB has to know the CE authorization before/during the handover, and how if needed.
Issue 2b: 
Agree with the issue and comments from Intel.

	Deutsch Telekom
	Agree with 2a and 2b

	Nokia
	It was already agreed that authorization of coverage enhancements will not impact specifications for connected mode mobility (i.e. left to network implementation). We see no reason for further discussions related to this aspect.

	
	


3. UE capability (LTE)
Authorization of coverage enhancements is not effective when the feature is not coupled to the support of coverage enhancements:
Issue 3: A REL-14 UE that supports Coverage Enhancements (i.e. ce-ModeA or ce-ModeB) shall also support authorization of coverage enhancements.
	Company
	Comments

	Ericsson
	The feature would be in-effective otherwise (true, authorization is not supported in REL-13). 
We agree that this is a NAS capability (see agreed CT1 CRs (C1-170528, C1-170529). But we are discussing the optional/mandatory aspects there.

In case this is agreeable, you can of course discuss whether this mandatory/optional aspect should be captured in CT1 or RAN2 specifications, which I did with my CT1 colleague. We think this mandatory aspect can be captured in RAN2 specification, because there is also RAN2 impact to support this feature.

	ZTE
	Agree. The coverage enhancements capability is coupled with the authorization of coverage enhancements, except for Rel-13 UEs.

	Huawei, HiSilicon
	Disagree. This is a NAS feature and support is negotiated via NAS signalling. There is no  need to define a AS UE capability for this. 

	Orange
	Yes, the feature needs to be implemented by all CE capable Rel-14 UEs to be effective.

	Qualcomm
	Agree support for coverage enhancement authorization is conditional on UE supporting ce-ModeA or ce-ModeB. But support for Authorization of Coverage Enhancement should be optional (i.e. Rel 14 UE supporting ce-ModeA or ce-ModeB are not required to support authorization of coverage enhancement). Furthermore, this is a NAS feature and should be negotiated at NAS level and no capability indications needed at AS level.

	GTO
	CE authorization should be mandatory for devices supporting cemode B to avoid issues with REL-13 UE’s.

	Intel
	We think such capability should be discussed by SA2 since it is not a radio capability. 

	NEC
	The CE authorization is NAS functionality/capability and thus there should be no AS capability needed.  With respect to the mandatory or optional, we think this should be mandatory for all Rel-14 UEs capable of the CE.

	Deutsche Telekom
	Of course this is a mandatory UE feature – otherwise it is totally meaningless.

	Nokia
	We agree with Huawei. 


4. Cell suitability (NB-IoT)
The solution in NB-IoT is also based on the cell suitability, but a modified suitability threshold (Qrxlevmin) shall be used, when the UE is not authorized to use CE. This can be achieved with a positive offset to the minimum RSRP threshold.
· Qrxlevmin (-140 .. -44 dBm)

It is unlikely that one offset value fits all use cases, i.e. the offset value should be configurable and broadcasted in system information.
Issue 4a: Introduce an offset for the modified minimum RSRP threshold which the UE shall use when the UE is not authorized to use coverage enhancements.
Issue 4b: The offset for the modified minimum RSRP threshold is broadcasted in SIB3-NB with value range {e.g. dB12, dB14, dB16, dB20}
.
	Company
	Comments

	Ericsson
	It will be complicated and time consuming to define a single offset value (by either RAN2 or RAN4).
The possible offset values should be related to the NRSRP measurement accuracy. 

To complete the feature in REL-14 it is suggested that RAN2 selects a possible value range. 
We agree that there should be an offset for cell selection and reselection, but we were not sure if a different offset value should be allowed, i.e. one offset value could be used? This new offset is also relative to the existing Q-rxlevmin, in case configured differently in SIB1-NB, SIB3-NB or SIB5-NB.

But if (all) companies think that this should be signalled separately in SIB1-NB, SIB3-NB and SIB5-NB we are also fine with that. 

The offset could be defined as an integer, but in our view the value 20 dB is needed. Lower values might “drown” in the measurement accuracy of the UE, e.g. Integer(1..8) with Qrxlevmin = 4 + (field value * 2) [dBm] is perhaps an option.

	ZTE
	Agree. But the offset for the modified minimum RSRP threshold are also needed in SIB1(for cell Selection Info) and SIB5 (for InterFreqCarrierFreqInfo), not only in SIB3 (for intraFreqCellReselectionInfo).  
Furthermore, because different thresholds are used by the CE un-authorized UE to determine cell suitability (with Qrxlevmin+ offset) and CEL0 (with RSRP-ThresholdsNPRACH-InfoList-NB-r13), there may exist the case that the cell selection criterion S in normal coverage is fulfilled but the CE PRACH resource (e.g. CEL1 resource) is selected by the CE un-authorized UE. Such case is not in line with the CE Authorization requirement. 
To avoid this situation, some measures can be considered, i.e:

1.  NW always configures the consistent thresholds of cell suitability and CEL0.

2.  For the CE un-authorized UE, PRACH procedure cannot be triggered if the UE is not in CEL0.

	Huawei, HiSilicon
	General:  We assume that Qqualmin should also be modified in the cell selection criterion.

Issue 4a: we are fine with introducing an offset to be used in the S criterion when the UE is not authorised to use coverage enhancements, 

Issue 4b: we are fine with the offset to be broadcast, but this should be in SIB1-NB in addition to SIB-3/SIB5-NB. We would prefer to define the offset as an integer , e.g. Integer (1..8) by step of 2 dB

We do not want to change the S criterion formula, the Qrxlevmin in the formula is set to ‘Qrxlevmin + offset’  when the UE is not allowed  for coverage enhancements


	Qualcomm
	Defining offset as a value range is acceptable. The offset also needs to be included in SIB1-NB (for cell selection) in addition to SB3-NB/SB5-NB (for reselection).

	GTO
	We agree it is required in SIB1-NB, SIB3/5 NB.

	Intel
	A method needs to be found to allow it to be backward compatible. In Rel-13, the RSRP threshold (i.e. Qrxlevmin) for cell suitability is set low to allow for supporting coverage enhancement for all Rel-13 UEs. With CE authorisation, a positive offset to the existing RSRP threshold is needed to configure the RSRP threshold for not supporting coverage enhancement. For a Rel-14 UE that supports CE authorisation but is not authorised to use CE, it needs to use the new RSRP threshold (i.e. the threshold that applies the positive offset to the existing RSRP threshold) for cell suitability. For a Rel-14 UE that supports CE authorisation and is authorised to use CE or a Rel-14 UE that does not support CE authorisation, it would continue to use the existing Rel-13 RSRP threshold.

As on the range of the positive offset, RAN 2 should consult RAN 4.

There is no need for further standardised mechanism to prevent access of a cell (e.g. UE not CE authorised should only stop at CEL0)

	NEC
	Issue 4a:

Agree that an offset of the modified RSRP threshold for non-authorized UE can be a solution to apply the CE authorization in NB-IoT. 
Issue 4b:

We are wondering if the new offset value is broadcast in SIB1-NB and it can be used commonly for the cell selection, intra-frequency cell reselection and inter-frequency cell reselection. This is because the offset value is intended to compensate the lack of gain due to coverage enhancement (i.e. repetition) and this compensation could be reused with other existing parameters in e.g. SIB3-NB or SIB5-NB, respectively.
For the possible values, RAN4 guidance should be asked. However, if quick decision is necessary to say Rel-14 feature completion on time, RAN2 could decide the values and then ask RAN4 if those values have any problem. Only if RAN4 would raise their concern and suggest other values, RAN2 just follows the guidance from RAN4.

	Deutsche Telekom
	We agree that a configurable offset be used to control cell suitability for non-CE authorised UEs. As raised by Ericsson and ZTE, it is appropriate to ensure consistency when setting the offset across the different SIBs and with respect to PRACH repetition levels. 

	Nokia
	We think that it would be simplest just align NB-IoT and LTE functionality by defining S criteria for enhanced coverage for NB-IoT.

	
	


5. Connected mode (NB-IoT)
This topic is very similar to the LTE discussion, except that handover is not supported in NB-IoT:
The eNB receives CE authorization information in the S1AP Initial Context Setup. The eNB can use this information to control the UE in connected mode (e.g. release, redirection, etc). The eNB can also decide to disregard this information, i.e. the eNB action is up to eNB implementation of the operator policy
In case the UE needs to perform cell selection in connected mode, e.g. during RRC re-establishment or with RedirectedCarrierInfo in RRC release, the UE follows the Idle mode procedures.
Issue 5a: Enforcement of CE authorization in connected mode is up to eNB implementation
Issue 5b: The UE follows the cell selection requirements with authorization in connected mode
	Company
	Comments

	Ericsson
	In our view the main purpose of authorization of coverage enhancements is in idle mode, i.e. preventing the UE to take more network resources than it is entitled to during access. In NB-IoT there is low mobility and short data transmissions, i.e. possible eNB enforcement of CE authorization has a secondary effect. In any case the eNB has the authorization information, and the eNB action is up to eNB implementation of the operator policy.

	ZTE
	Both Issue 5a and 5b are needed. 
The use case of Issue 5a: For resource scheduling, the CE resource should not be used by the CE un-authorized UE, which should be guaranteed by eNB.(i.e. In the case UE is in CEL0 but data error rate is high, more than one physical repetition number may be scheduled to provide better radio performance for CE authorized UE usually; but no physical repetition can be scheduled for CE un-authorized UE).
Furthermore, in order not to allocate CE resource for a CE un-authorized UE in Msg4, the UE capability of CE authorization and CE authorization indication should be reported to eNB before Msg4 (e.g. in Msg3 with one bit to indicate whether CE resource can be used by the UE).
The use case of Issue 5b: For RRC re-establishment and redirection, the target cell is selected by UE and the CE cell should be excluded by the CE un-authorized UE. 

	Huawei, HiSilicon
	Same answer as for eMTC

	Qualcomm
	Agree with issue 5a and 5b. Same principle as for LTE applies.

	GTO
	Agree with ZTE

	Intel
	Same response as to our response in Q2 except for the measurement since UE does not perform RRC Connected measurement in NB-IoT.

	NEC
	Agree. Basically same as the response to the Issue 2 (LTE), with exception that there is no need to consider the handover case discussed in our response for LTE.

	Deutsch Telekom
	Agree with 5a and 5b

	Nokia
	It was already agreed that authorization of coverage enhancements will not impact specifications for connected mode mobility (i.e. left to network implementation). We see no reason for further discussions related to this aspect.

	
	


6. UE capability (NB-IoT)
A UE supporting NB-IoT supports coverage enhancements as defined for NB-IoT. Authorization of CE would be in-effective if the NB-IoT UE would not support this feature.
The CE authorization information received in the S1AP Initial Context Setup is an implicit indication that the UE supports authorization of CE.

Issue 6: A REL-14 NB-IoT UE shall support authorization of coverage enhancements
	Company
	Comments

	Ericsson
	The feature would be in-effective otherwise (true, authorization is not supported in REL-13).
We agree that this is a NAS capability and by default the UE is authorized. But we are discussing the optional/mandatory aspect here.

	ZTE
	Agree. A UE that supports any ue-Category-NB shall also support authorization of coverage enhancements, except for Rel-13 UEs.

	Huawei, HiSilicon
	Same answer as for eMTC

	Orange
	Yes, the feature needs to be implemented by all ue-Category-NB Rel-14 UEs to be effective.

	Qualcomm
	This should be optional for the UE. Authorization of coverage enhancement only applied if instructed to by NAS. By default all coverage levels are authorized. Same as for LTE.
As we have stated for LTE, this is a NAS feature and no capability indications needed at AS level.

	GTO
	Agree with ZTE

	Intel
	We think such capability should be discussed by SA2 since it is not a radio capability. 

	NEC
	Same as the response to the issue 3 (LTE). 
The CE authorization is NAS functionality/capability and no AS capability needed.  With respect to the mandatory or optional, we think this should be mandatory for all Rel-14 NB-IoT UEs.

	Deutsche Telekom
	Of course this is a mandatory UE feature – otherwise it is totally meaningless.

	Nokia
	We agree with Huawei


4 Summary of email discussion
Ten companies replied to the email discussion and provided the following feedback. 

Issue 1: Introduce authorization of CE to the cell suitability criteria in section 4.3 in 36.304 for UEs that support coverage enhancements

All companies think that authorization of CE impact the cell suitability criteria in 36.304, but different opinions exit if section 4.3 or 5.2.3.2 should be updated 
Issue 2a: Enforcement of CE authorization in connected mode is up to eNB implementation

Most companies think that CE authorization in connected mode is up to eNB implementation. Two companies think that the CE authorization info should be propagated to the target eNB in case of HO. 

Issue 2b: The UE follows the cell selection requirements with authorization in connected mode

All companies think that with RRC connection re-establishment and RRC Connection Release with redirection, the UE follows the cell selection requirements in Idle mode (i.e. suitability of a cell is based on CE authorisation in idle mode).
Issue 3: A REL-14 UE that supports Coverage Enhancements (i.e. ce-ModeA or ce-ModeB) shall also support authorization of coverage enhancements.

Most companies agree that a REL-14 UE that supports Coverage Enhancements (i.e. ce-ModeA or ce-ModeB) shall also support authorization of coverage enhancements. All companies agree that authorization of CE is a NAS capability and there is no need for AS capability signalling.  

Issue 4a: Introduce an offset for the modified minimum RSRP threshold which the UE shall use when the UE is not authorized to use coverage enhancements.

All companies think that an offset for the modified minimum RSRP threshold should be used by the un-authorized UE, except one company thinks that a separate cell selection criteria should be introduced for enhanced coverage, similar as in MTC. 
Issue 4b: The offset for the modified minimum RSRP threshold is broadcasted in SIB3-NB with value range {e.g. dB12, dB14, dB16, dB20}
.
Some companies think that the modified minimum RSRP threshold should be broadcasted in SIB1/3/5-NB as well, and not only in SIB3-NB. 
Most companies did not express a view on the value range. Two companies have a concrete proposal for the threshold range. Two companies think RAN4 should be consulted. 
Issue 5a: Enforcement of CE authorization in connected mode is up to eNB implementation

Company opinions are similar as expressed for NB-IoT (issue 2a).
Issue 5b: The UE follows the cell selection requirements with authorization in connected mode

Company opinions are similar as expressed for NB-IoT (issue 2b).
Issue 6: A REL-14 NB-IoT UE shall support authorization of coverage enhancements

Six companies think that REL-14 NB-IoT UE shall support authorization of coverage enhancements. Four companies think that this should be optional or discussed in SA2. 
5 Conclusions

Based on the email feedback, the following way forward is proposed:

Proposal 1: RAN2 to discuss whether the cell suitability should be updated in section 4.3 or section 5.2.3.2 in 36.304 for the authorization of coverage enhancement in LTE. 
Proposal 2a: Enforcement of CE authorization in connected mode is up to eNB implementation in LTE.
Proposal 2b: The UE follows the cell selection requirements with authorization in connected mode in LTE.
Proposal 3: A REL-14 UE that supports Coverage Enhancements (i.e. ce-ModeA or ce-ModeB) shall also support authorization of CE.

Proposal 4a: Introduce an offset for the modified minimum RSRP threshold which the UE shall use when the UE is un-authorized to use CE in NB-IoT.

Proposal 4b: RAN2 to discuss the value range of the offset to Qrxlevmin for authorization of CE and in which SIB(s) it should be broadcasted in NB-IoT.

Proposal 5a: Enforcement of CE authorization in connected mode is up to eNB implementation in NB-IoT.
Proposal 5b: The UE follows the cell selection requirements with authorization in connected mode in NB-IoT.
Proposal 6: A REL-14 NB-IoT UE shall support authorization of coverage enhancements.
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� RAN4#82 agreed on NRSRP measurement accuracy +/- 6 dB (normal coverage) and +/- 10.3 dB (enhanced coverage).


� RAN4#82 agreed on NRSRP measurement accuracy +/- 6 dB (normal coverage) and +/- 10.3 dB (enhanced coverage).
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