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Abstract of the contribution: This paper discusses a network based solution to handle CE Mode B and dedicated bearer establishment.
1. Introduction
Pls see the Rel-13 discussion paper on the issue with enhanced coverage modes (CE mode A, CE mode B) and services required stringent QoS like VoLTE. 
While it is agreeable to only support a restricted set of services in poor coverage conditions, a user using a UE supporting CE mode B should be able to get the full set of services it has subscribed too when in normal coverage, i.e. when the UE operates in CE mode A.
This paper discusses the Rel-14 network based solution. It provides a solution allowing the establishment of dedicated bearers for UEs indicating support of CE mode B and operating in CE mode A.
2. Discussion
In Rel-14, SA2 agreed to have a Coverage Enhancement Authorization parameters in the user subscription in the HSS, enabling or disabling the use of coverage enhancement (i.e. CE mode B). However, this does not solve the issue when the UE is not restricted to use CE MODE B.
It is proposed to enable the network to decide whether to establish or update a dedicated bearer (e.g. for a VoLTE call), for a UE supporting and authorized to use CE mode B, based on the current CE mode the UE is operating in. The network rejects the request to establish or update dedicated bearers for services not compatible with CE mode B, e.g. VoLTE call, when the UE operates in CE mode B.
3. Proposal

Figure 1 shows an MT VoLTE call establishment, for a UE in ECM idle state at the start of the call flow.
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For MT services:

a) The MME identifies the requested service based on parameters such as APN, QCI, ARP, Paging and Service Information IE received in the Downlink Data Notification, Create Bearer Request, Update Bearer Request from the SGW, as per existing principles. The MME then determines, for a UE authorized to use coverage enhancements, whether the requested service is permitted or not in enhanced coverage, based on operator policies.


When paging the UE, the MME may signal to the eNB that the UE shall not be paged in the enhanced coverage, e.g. when paging the UE for a VoLTE call. This can be done by adding a new indication in the S1AP Paging message. 

If so, the eNB applies the paging behavior for normal coverage, e.g. it selects a number of paging repetitions such that the UE is able to receive the paging only in normal coverage.


Additionally, the MME also applies its normal paging behaviour, e.g. number of paging repetitions for a UE in normal coverage, when paging the UE for a service not permitted to use enhanced coverage/CE mode B.  

b) During the establishment of the S1 signalling connection, the eNB reports to the MME the CE mode the UE is currently operating in, i.e. in the S1AP Initial UE Message. This allows the MME to determine, for a UE entering the connected state (i.e. when getting the paging response), whether the UE currently operates in CE mode A or B.

If the UE is reported to operate in CE mode B, and the requested service is not permitted to be used in CE mode B (e.g. VoLTE call), the MME rejects the Downlink Data Notification with a new cause indicating that the service cannot be provided in the current UE coverage.

If the UE is reported to operate in CE mode A, the procedure continues as per existing specifications and the requested service can be delivered to the user (e.g. establishment of a dedicated bearer for a VoLTE call).

The eNB does not need to update the MME upon subsequent CE mode switch during the lifetime of the S1 signalling connection.

c) The MME shall be able to disallow the eNB to use the CE mode B for the UE, in the S1AP Initial Context Setup Request, e.g. when the MME establishes a VoLTE call, and this for the duration of the service (e.g. VoLTE call) that is not compatible with the use of CE mode B.  

The MME shall be able to subsequently re-allow the eNB to use the CE mode B during the S1 connection lifetime, e.g. when releasing the VoLTE call. This can be done e.g. by defining a new indication in the S1AP ERAB Release Command message re-allowing the eNB to use CE mode B for this UE. 
Figure 2 shows the subsequent VoLTE call release, later on, after the call was successfully established.
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Figure 3 shows an MT VoLTE call establishment, for a UE in ECM connected state, at the start of the call flow. 

[image: image3.png]Fig 3- MT VoLTE establ, UE connected state
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a) The MME determines, for a UE authorized to use CE mode B, whether the requested service is permitted or not in enhanced/CE mode B coverage, based on operator policies, as per the principle a) in Figure 1. 


If the service is not permitted to use CE mode B, the MME includes a new indication in the S1AP signalling sent to the eNB to establish or modify bearers, e.g. in the S1AP E-RAB Setup Request message, that the eNB shall reject the S1AP request (and not send any embedded NAS PDU to the UE) if the UE is currently operating in CE mode B.

If so, the eNB rejects the S1AP request if the UE is currently operating in CE mode B, with a new cause indicating to the MME that the UE is operating in CE mode B. The MME then rejects e.g. the Create Bearer Request or Update Bearer Request received from the PGW.

The MME shall be able to disallow and re-allow the use of CE mode B during the lifetime of the S1 connection (e.g. when the MME establishes or releases the dedicated bearer for a VoLTE call).
As an alternative to Figure 3, Figure 4 shows an MT VoLTE call establishment, for a UE in ECM connected state with a query-response pair before setting up the bearer with E-RAB with eNB to discover the CE mode the UE is currently operating in, when determining that a requested service is not permitted to use CE mode B and the user has been authorized to use CE mode B, e.g. when the MME needs to establish a dedicated bearer for a VoLTE call. However, it is proposed not to go with this option as the extra message pair can induce more delay for successful case.
[image: image4.png]Fig 4- MT VOLTE establ, UE connected state

0.aNB canusa CE moda®

1. Crfat Bowror Roqueds vis PCRF)

o

3 ME dotarminessenice s not
pormitador CE mode B

4 UE Radio Capabit Match Rqudst (= mode)
4.UE Radio Chpabity Natch Resppnse (crent CE mo

1UE operiesin CE mode

6. Creste BosrorRespepas
(ected incompatble foverage)

K
7. oNB does ot use CE modeB.

UE opeatesinCE modd A

& Dedicstodbonrerstabishmentlor oL TEcat





For MO case, for a UE in ECM idle state:

a) It could be possible to prevent a UE, supporting CE mode B and possibly authorized to use coverage enhancements, from originating a VoLTE call when operating in CE mode B. This can be done e.g. by configuration of the UE or by network signalling. 

b) Alternatively, during the establishment of the S1 signalling connection, the eNB reports to the MME the CE mode the UE is currently operating in, i.e. in the S1AP Initial UE Message. This allows the MME to determine, for a UE entering the connected state, whether the UE currently operates in CE mode A or CE mode B. 

The MME may identify the requested service based on the RRC Establishment cause IE in the S1AP Initial UE Message (see subclause 9.2.1.3a of 3GPP TS 36.413). For instance, the UE can be requested to use the establishment cause mo-VoiceCall for mobile originating MMTEL voice calls (see 3GPP TS 36.331). 


If the UE is reported to operate in CE mode B, and the MME can determine that the requested service is not permitted to be used in CE mode B, the MME rejects the UE NAS request immediately, e.g. a NAS Service Request.

If the MME cannot identify the requested service yet (e.g. the UE does not support the mo-VoiceCall RRC establishment cause), the MME proceeds with the NAS Request. The MME will then receive subsequently a Create Bearer Request from the PGW, e.g. for a VoLTE call, and the MME then proceeds as specified for MT services for a UE already in ECM connected state.

For MO case and a UE in ECM connected state, the MME receives a GTP-C Create Bearer Request from the PGW as shown in Figure 3 and Figure 4 so the same solution as for UE in ECM-Connected state for MT can be applied.
4. Conclusion

The current procedures do not allow to support dedicated bearer establishment (and thus VoLTE) for UEs indicating support of CE mode B, even when the UE operates in CE mode A (i.e. in normal radio coverage).

The DISC paper proposes a solution which:

-
allows the network to decide whether to accept or not a request to establish or modify dedicated bearers based on the CE mode the UE is currently operating in; 

-
allows the support of VoLTE services, and more generally any other service requiring the establishment of dedicated bearers, by UEs supporting CE mode B and operating in CE mode A; this includes disallowing the eNB to use CE mode B for the duration of the service that is not compatible with this CE mode, and reallowing the eNB to use CE mode B when this service is terminated;

-
allows the network to reject requests to establish dedicated bearers for UEs indicating support of CE mode B and operating in CE mode B, if the requested service cannot be supported in CE mode B.

It is proposed to specify this solution in 3GPP Rel-14 to enable a user using a UE (e.g. smartphone) supporting CE modeB to get the full set of services it has subscribed too when in normal coverage, i.e. when the UE operates in CE mode A.
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