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Introduction
In TS 36.133, RRM requirements are defined for a number of RRC Connection Mobility Control procedures, including RRC Connection Re-establishment, Random Access, RRC Connection Release with Redirection for legacy LTE UEs [1]. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]NB-IoT is a non backward compatible variant of E-UTRAN supporting a reduced set of functionality. Thus, not all RRC connection control procedures are supported by UEs in NB-IoT. For example, UE measurement reporting and control of the reporting, handover (and context transfer at handover) are not supported. Table 1 lists the procedures that are applicable for NB-IoT. 
Table 1: Connection control procedures applicable to a NB-IoT UE (see TS 36.331 [3])
	Sub-clause
	Procedures

	5.3.2
	Paging 

	5.3.3
	RRC connection establishment

	
	RRC connection resume (see NOTE)

	5.3.4
	Initial security activation (see NOTE)

	5.3.5
	RRC connection reconfiguration (see NOTE)

	5.3.7
	RRC connection re-establishment (see NOTE)

	5.3.8
	RRC connection release (or suspension)

	5.3.9
	RRC connection release requested by upper layers

	5.3.10
	Radio resource configuration

	5.3.11
	Radio link failure related actions

	5.3.12
	UE actions upon leaving RRC_CONNECTED

	NOTE: Not applicable for a UE that only supports the Control Plane CIoT EPS optimisations (see TS 24.301 [35])



Two new NB-IoT the data transfer modes were also introduced in TS 36.331 [3]: 
· NB-IoT data transfer over NAS, where the RRC connection is established for data transfer over NAS without setting up data radio bearer (DRB). At RLF, RRC connection re-establishment is not supported so the UE would release to RRC_IDLE. 
· NB-IoT AS context caching, where the RRC connection is established with setting up data radio bearers (DRBs). At RRC connection release (suspension), the eNB may request the UE to retain the AS context in RRC_IDLE, and then the RRC connection may be resumed. 

In Table 1, the RRC connection suspension/resume procedures were added into TS 36.331 to support NB-IoT AS context caching for NB-IoT.
In RAN4#78bis, the impact of random access delay on NB-IOT RRC connection re-establishment requirements was discussed [4], and the following WF was agreed [5]:
· For the RAN4 NB-IoT AH meeting in May interesting companies are to provide analyses on the latencies associated with Random Access in NB-IoT.
In this paper, we provide a further discussion on the RRM requirements for NB-IoT Connection control procedures.
RRC connection re-establishment
The purpose of this procedure is to re-establish the RRC connection. The UE initiates the procedure when, for example, upon detecting some failures, such as radio link failure, handover failure, etc. The procedures starts with UE sending the  RRCConnectionReestablishmentRequest to the eNB and, for a successful procedure, ends with UE sending RRCConnectionReestablishmentComplete if the UE receives successfully the RRCConnectionReestablishment message from the eNB.
Legacy RRC connection re-establishment requirements
For legacy UEs, the RRM requirements for RRC connection re-establishment is defined in Section 6.1 in TS 36.133. It requires the UE to send RRCConnectionReestablishmentRequest message within Tre-establish_delay seconds from the moment it detects a loss in RRC connection.  The total RRC connection delay (Tre-establish_delay) shall be less than:
Tre-establish_delay =  TUE_re-establish_delay + TUL_grant 
The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:
TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH
Tsearch: It is the time required by the UE to search the target PCell. TSI = It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target PCell. TPRACH = The additional delay caused by the random access procedure; it will be at least 10 ms due to random access occasion and there might be additional delay due to ramping procedure. Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known.
TUL_grant: It is the time required to acquire and process uplink grant from the target PCell. The uplink grant is required to transmit RRCConnectionReestablishmentRequest message.
NB-IoT RRC connection re-establishment requirements
For NB-IoT UEs, the RRM requirements for RRC connection re-establishment may also be defined from the moment that the UE detects RRC connection failure to the moment the UE sends RRCConnectionReestablishmentRequest message. That is, the total RRC connection delay (Tre-establish_delay) is still expressed as:
Tre-establish_delay =  TUE_re-establish_delay + TUL_grant 
Where TUE_re-establish_delay is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 is detected by the UE to the time when the UE sends PRACH to the target PCell, and TUL_grant is the time required to acquire and process uplink grant for the UE to transmit RRCConnectionReestablishmentRequest message.
TUE_re-establish_delay may still be expressed as:
TUE-re-establish_delay = 50 ms + (Nfreq – 1)*Tsearch + TSI + TPRACH
Tsearch: It is the time required by the UE to search a new target PCell, if no target PCell is known. The Tsearch is, of course, the search time required by NB-IoT UE to search for a new cell, which should refer to the new NB-IoT cell search requirements. Similarly, TSI  should be defined as the time required for NB-IoT UE receiving all the relevant system information for the target PCell. TPRACH  will be additional delay caused by the NB-IoT random access procedure.
Proposal 1: NB-IoT connection re-establishment requirements may still be expressed as the RRC connection delay for UE detects RRC connection failure to the moment the UE sends PRACH preamble, plus the delay for the UE sends PRACH preamble to the moment the UE RRCConnectionReestablishmentRequest. The requirements should take into the consideration of the new cell search requirements and new PRACH procedure delays that may depend on the PRACH configuration and UE’s RF conditions.
RRC connection suspension and resume
For legacy UEs, RRCConnectionRelease message is only used for the eNB to release a RRC connection. For NB-IoT, the new procedures for RRC connection suspension and resume are introduced, what allows the eNB to suspend a RRC connection, which includes the suspension of the established radio bearers, with the RRCConnectionRelease message and 


Figure 1: eNB may suspend a RRC connection for NB-IoT UE with the RRCConnectionRelease message
When the RRC connection is suspended, the UE stores the full UE context and the resumeIdentity, and transitions to RRC_IDLE state. The RRC message to suspend the RRC connection is integrity protected and ciphered.
The resumption of a suspended RRC connection is initiated by UE when the UE has a stored context and sends RRCConnectionResumeRequest with resumeIdentity. Once the RRC connection resume is permitted by E-UTRAN and the UE needs to transit from RRC_IDLE state to RRC_CONNECTED state. When the RRC connection is resumed, RRC configures the UE according to the RRC connection resume procedure based on the stored UE context and any RRC configuration received from E-UTRAN.  The request to resume the RRC connection includes the.



Figure 2: NB-IoT UE sends RRCConnectionResumeRequest for a suspended connection
The purpose of introducing the RRC connection suspension and resume procedures is for improving the efficiency in RRC connection management, since there could potentially thousands of more NB-IoT UEs served by a single cell, and the RRC connection suspension/resume procedures may need much less time than the procedures for RRC connection release/reset up. 
In current TS 36.133, there is currently no performance requirement for RRC connection setup or release. Given the importance of the efficiency of the new RRC connection suspension/resume procedures for NB-IoT, we suggest RAN4 to have a discussion on the necessity of the RRM requirements for the new RRC connection suspension/resume procedures.
Proposal 2: New RRC connection suspension/resume procedures are introduced in TS 36.331 for NB-IoT. Given the importance of the efficiency of the new RRC connection suspension/resume procedures for NB-IoT, we suggest RAN4 to have a discussion on the necessity of the RRM requirements for the new RRC connection suspension/resume procedures.
Summary
In this paper, we discussed the RRM requirements for RRC Connection control procedures for NB-IoT UEs. It is proposed that
Proposal 1: NB-IoT connection re-establishment requirements may still be expressed as the RRC connection delay for UE detects RRC connection failure to the moment the UE sends PRACH preamble, plus the delay for the UE sends PRACH preamble to the moment the UE RRCConnectionReestablishmentRequest. The requirements should take into the consideration of the new cell search requirements and new PRACH procedure delays that may depend on the PRACH configuration and UE’s RF conditions.
Proposal 2: New RRC connection suspension/resume procedures are introduced in TS 36.331 for NB-IoT. Given the importance of the efficiency of the new RRC connection suspension/resume procedures for NB-IoT, we suggest RAN4 to have a discussion on the necessity of the RRM requirements for the new RRC connection suspension/resume procedures.
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