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1 Introduction
In RAN4 78bis, the RRM requirement for NB-IoT to be specified in TS36.133 were discussed and approved in [1]. Furthermore to improve the discussion efficiency one way forward on handling of CRs for RRM requirements among interested companies for NB-IoT has been agreed in [2]. Based on the above agreed contributions and taking the facts that RAN1 has completed all the physical layer design the RRC re-establishment requirements for NB-IoT will be analyzed and the corresponding CR will be provided in [3].
2 Discussion
2.1 Legacy LTE RRC re-establishment procedure and requirements

The legacy procedure for LTE RRC re-establishment are
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Figure 5.3.7.1-1: RRC connection re-establishment, successful

The purpose of this procedure is to re-establish the RRC connection, which involves the resumption of SRB1 operation, the re-activation of security and the configuration of only the PCell[5].
In RAN4 RRM spec the corresponding requirements for this procedure is 
	6
RRC Connection Mobility Control

6.1
RRC Re-establishment

The requirements in this clause are applicable to both E-UTRAN FDD and TDD.

6.1.1
Introduction

RRC connection re-establishment is initiated when a UE in RRC connected mode looses RRC connection due to any of these reasons: radio link failure, handover failure or radio link problem. The RRC es-tablishment procedure is specified in clause 5.3.7 in TS 36.331 [2].

6.1.2
Requirements

In RRC connected mode the UE shall be capable of sending 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 =  TUL_grant + TUE_re-establish_delay

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.
The UE re-establishment delay (TUE_re-establish_delay) is specified in clause 6.1.2.1.

6.1.2.1
UE Re-establishment delay requirement

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.


Tsearch = It is 100 ms if the target PCell is known by the UE; the target PCell is known if it has been measured by the UE in the last 5 seconds.


Tsearch = It is 800 ms if the target PCell is unknown by the UE; the target PCell is unknown if it has not been measured by the UE in the last 5 seconds.


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.

There is no requirement if the target cell does not contain the UE context.


2.2 RRC re-establishment procedure for NB-IoT
Currently there are a lot of agreements in RAN2 for RRC re-establishment procedure in NB-IoT. The main agreements could be found in the running CR for TR 36.300 and summarized as follows.

For NB-IoT, there are two kinds of data transfer modes which is configured over NAS signalling between the UE and the MME, one is Data transfer over NAS, another one is AS context caching. It has been agreed in RAN2 that the RRC connection re-establishment is NOT supported for Data transfer over NAS mode and the legacy RRC connection re-establishment can still be supported for AS context caching mode to reestablish the RRC connection after at least the Radio link failure. Thus to support at least the AS context caching mode the corresponding requirements for RRC re-establishment in NB-IoT should be defined in RAN4.

Proposal1: The RRC re-establishment requirements for NB-IoT should be defined in RAN4.
It should be noted that a RRC connection resume procedure is introduced in RAN2 that is used at transition from RRC_IDLE to RRC_CONNECTED where previously stored information in the UE as well as in the eNB is utilised to resume the RRC connection;  In the message to resume, the NB-IoT UE provides a 40bits Resume ID to be used by the eNB to access the stored information required to resume the RRC connection. This procedure is quite similar to the legacy RRC connection setup procedure. It is mainly used for NB_IoT which is in RRC_IDLE state to re-entry the network quickly. Thus the NB-IoT cell identification requirements will verify this procedure i.e. there is no need to introduce the corresponding requirements for RRC connection Resume procedure.
Proposal2: There is no need to introduce the corresponding requirements for RRC connection Resume procedure.

2.3 Requirements for RRC re-establishment procedure for NB-IoT
It is expected the basic framework of such requirement should be kept when considering the NB-IoT RRC re-establishment procedure, i.e. the following fomula could be used,

TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH

Tsearch: It is the time required by the UE to search the target cell. The exact time will be available once the cell identification simulation campaign is finished and the requirements are ready.
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 NB-IoT.
For NB-IoT the MIB-NB and SystemInformationBlockType1-NB use a fixed schedule with a periodicity of 640 and 4096 ms respectively. The scheduling of other SI messages is flexible and indicated by SystemInformationBlockType1. For NB-IoT, the MIB contains all information required to acquire SIB1 and SIB1 contains all information required to acquire other SI messages. For RRC reestablishment procedure at least SIB2-NB should be received and decoded to know the exact PRACH configurations for the following RACH attempts. This kind of values will be discussed in detail when RAN4 starts to design the corresponding test cases for A.6.
TPRACH = The additional delay caused by the random access procedure. The NB-IoT PRACH is quite different from LTE. It has been discussed in last RAN4 meeting that the time performing RACH will be significantly longer than LTE. Because the ending time of this requirement is the time when the UE sends PRACH to the target cell the following MAC message for RACH procedure should not be included. 
Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target cell is known. Nfreq will be decided in RAN4 internally considering the UE capability and typical network deployments.
It should be noted that for the core part of RRC re-establishment requirements it is very generic. Thus most of the legacy RRC re-establishment requirement could be reused as legacy LTE for the NB-IoT work item core part completion. However the detailed parameters and configurations are rather different. At this moment the CR for the core part could be approved as LTE. The difference will be mostly reflected in the corresponding test cases for A.6
3 Conclusion
This contribution provides the analysis on RRC re-establishment requirements for NB-IoT. It is proposed that 
Proposal1: The RRC re-establishment requirements for NB-IoT should be defined in RAN4.
Proposal2: There is no need to introduce the corresponding requirements for RRC connection Resume procedure.

The corresponding CR is provided in [3]. 
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