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Introduction
The core requirements for Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1] were completed in RAN#71. However, RAN4 has so far not discussed RRC re-establishment requirements for Cat-M1 UEs. In addition, it was agreed to introduce RRC re-establishment requirements for NB-IoT UEs [2,3]. In this paper, we discuss the introduction of RRC re-establishment requirements for Cat-M1 UEs.

RRC Re-establishment requirements for legacy UEs
RRC connection re-establishment for legacy FDD and TDD UEs are defined in Section 6.1 in TS 36.133 [4], as follows: 

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 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 [5] 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 [5] 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.

RRC Re-establishment requirements for Cat-M1 UEs
For Cat-M1 UEs, we also propose to define the RRC Re-establishment delays Tre-establish_delay  as:


Tre-establish_delay  = TUL_grant + 50 ms + Nfreq*Tsearch + TSI + TPRACH
TUL_grant: For eMTC UEs, the TUL_grant may be longer than legacy UEs, which will depending on the settings for supporting Cat-M1 UEs; 

Tsearch: If the target PCell is known, we may reuse the legacy number of Tsearch = 100 ms. If the target PCell is unknown, we would need to use the cell search delay defined in Cat-M1 UEs instead of fixed Tsearch = 800 ms for legacy UEs. 

TSI: It is still the time required for Cat-M1 UE to receive all the relevant system information, suchas SIB1-bis for Cat-M1 UEs, according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [5] for the target PCell., 
TPRACH = The additional delay caused by the MPRACH 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.

Summary

In this paper, we discussed the RRC Re-establishment requirements for Cat-M1 UEs. It is proposed 
Proposal 1: Introduce RRC Re-establishment requirements for eMTC UEs in both CEModeA and CEModeB;

A companion CR [6] is prepared based on above proposals for the intra-frequency handover requirements for Cat-M1 UEs in CEModeB.
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