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1 Introduction
In RAN plenary 72, it has been agreed to focus Rel-15 on eMBB and URLLC use cases. It has been defined the transmission reliability of URLLC in [1]. 
Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
The target for reliability should be 1-10-5 within 1ms.
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
However for URLLC, beside of transmission reliability, URLLC has the high system requirement for reliability of RRC connection to ensure reliable data transmission within the latency requirement. It is very important to ensure that a reliable RRC connection is available for the users to remain connected. In this contribution, we introduce RRC connection reliability and discuss the potential enhancements to ensure RRC connection reliability.
2 Discussion
2.1 Introduction of RRC connection reliability
5G NR is targeting for a diverse family of use cases including eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Reliability is evaluated by the success probability of transmitting data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface within [1ms]. It can be seen that the definition of reliability is only well-suited for transmission reliability without considering on connection reliability. 
Once RRC connection is interrupted caused by radio link failure, RRC reconfiguration failure or handover failure, transmission reliability is impossible to meet the target value defined in 38.913. As shown in Fig.1, the procedure of RRC connection reestablishment involves multiple RRC signalling interactions which leads to a period of connection interruption, thus can’t meet the high system requirement of reliable data transmission within the latency target. For URLLC, it is important to ensure that a reliable RRC connection is available for the users to remain always connected. Therefore, in order to support the reliability of transmission including user data and control signalling including RRC signalling or MAC CE, a reliable RRC connection to reduce the probability of RRC connection interruption is necessary to be considered.
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Fig.1 Flow chart of RRC connection interruption and reestablishment in LTE
Proposal 1: RAN2 should consider RRC connection reliability for the users to remain RRC always available for data transmission to support URLLC. 
2.2 Enhancements for RRC connection reliability
The communication reliability, especially the control plane reliability is the necessary prerequisite to ensure the system functional safety, especially for the restricted requirements of reliability probability [10^-5] within the latency threshold [1ms] of URLLC. 
It is necessary to study the enhancement mechanism to reduce RRC connection interruption caused by RRC reestablishment. In legacy LTE, the UE initiates the RRC connection reestablishment when one of the following conditions is met [2].
· radio link failure;
· handover failure;
· mobility from E-UTRA failure
· integrity check failure indication from lower layers
· RRC connection reconfiguration failure
In order to keep the users to remain RRC always available for data transmission, one direction is to reduce the occurrence of RLF and handover failure to avoid RRC reestablishment. The possible solution is to keep UE always in the good condition with early handover. Of course, it’s difficult to avoid all conditions to trigger RRC reestablishment, especially for RLF. Another possible way is to minimize the interruption time of RLF detection and RRC reestablishment.
As shown in Fig.2, the behaviour associated to RLF is consisted of two phases: RLF detection (phase 1) and RLF recovery (phase 2) which are controlled by T1 and T2 respectively [3]. 
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Fig.2 Radio Link Failure
The Minimum requirement of T1 is relevant to DRX configuration as illustrated in table 1[4]. If RLF detection takes 10ms, it means that in the 10ms before RLF detection, it is unlikely that any data can be received, which means that the DL latency is not satisfied. It’s possible to reduce RLF detection by configuring T1 (t310) with always zero, thus the leftover is to enhance RRC reestablishment procedure.
Table 1 Qout and Qin Evaluation Period in DRX
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and  TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in are applicable.

	0.01 < DRX cycle ≤0.04
	Note (20)

	0.04 < DRX cycle ≤ 0. 64
	Note (10)

	0.64 < DRX cycle ≤ 2.56
	Note (5)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use


In summary, in order to meet the high requirements which defined in 38.913, a reliable RRC connection is the necessary prerequisite for the data transmission of URLLC. Some enhancements to avoid triggering RRC reestablishment, minimize the interruption time of RLF detection and RRC reestablishment are needed for further study.
Proposal 2: RAN2 should consider some enhancements for reliable RRC connection to support URLLC.
· Reduce the occurrence of RLF and handover failure.
· Minimize the interruption time of RLF detection and RRC reestablishment
3 Conclusion

Proposal 1: RAN2 should consider RRC connection reliability for the users to remain RRC always available for data transmission to support URLLC. 
Proposal 2: RAN2 should consider some enhancements for reliable RRC connection to support URLLC.
· Reduce the occurrence of RLF and handover failure.
· Minimize the interruption time of RLF detection and RRC reestablishment
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