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1. Introduction
As NR standardization develops, we need to specify the UE requirement for NR RRC connection re-establishment in case of radio link failure, handover failure or lower layer problem. The NR RRC connection re-establishment procedure is meanwhile being specified in RAN2 in TS 38.331[1], and it is RAN4’s duty to specify corresponding RRM requirements in TS 38.133. In this contribution, we share discussion on UE requirement for NR RRC connection re-establishment which is similar to the one specified for LTE in TS 36.133.
2. Discussion
2.1.  NR RRC re-establishment procedure
In LTE, the RRC re-establishment procedures are initiated by the UE when any of the following conditions is met [1],

· Upon detecting radio link failure

· Upon handover failure

· Upon mobility from E-UTRA failure

· Upon integrity check failure indication from lower layers

· Upon an RRC connection reconfiguration failure

Upon the initiation of the re-establishment procedure, there are UE operations for preparing itself into the re-establishment, which include stopping timers, reset & release resources and configurations. After the preparation procedures, there are two types of transactions between UE and eNB as depicted in the below figures.
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Figure 1 RRC connection re-establishment, successful
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Figure 2 RRC connection re-establishment, failure

Along with the transactions, UE search for available cells to re-establish its RRC connection on, and receiving system information. Next, the UE initiate random access to finish the re-establishment procedure. For NR SA, it is pretty much the same procedure with the LTE one. Thus in NR, we can reuse most of the corresponding requirement for LTE in TS36.133.

Additionally, it is important to note that, UE doesn’t need to read system information in some cases where UE resumes to the same cell or UE resumes to the target cell indicated in handover command and UE can obtain the system information through previous measurement and handover command. However, as for the equation below for UE re-establishment delay requirement, we suggest to keep TSI in the equation in general.

Tre-establish_delay =  TUL_grant + TUE_re-establish_delay

Proposal 1: For NR RRC connection re-establishment requirement, we reuse the LTE equation.
2.2. NR RRC re-establishment requirements
As it is shown in the above equation, the time requirement for NR RRC connection re-establishment contains two parts, namely UL grant delay and UE re-establishment delay. As for UL grant delay, it is the time required to acquire and process uplink grand from the target PCell, and the uplink grant is required to transmit the request message [RRCConnectionReestablishmentRequest]. More importantly, the UE re-establishment delay needs to be specified in details in TS 38.133 for NR SA.
Similar to LTE, the NR UE re-establishment delay is the time between the moments when any of the conditions requiring RRC re-establishment as defined in TS 38.331[1] is detected by the UE to the time when the UE sends PRACH to the target PCell. Thus we can define the below equation, also similar to LTE, in order to specify that the UE re-establishment delay requirement shall be less than,

TUE-re-establish_delay = [50] ms + Nfreqnote * Tsearch + TSI + TPRACH

Where 50ms is reserved for the preparation period before UE start signaling transactions with gNB. Tsearch is the time required by the UE to search the target PCell and TSI 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 38.331 [1] for the target PCell. TPRACH is the additional delay caused by the random access procedure; similar to LTE, it will be at least [10] ms due to random access occasion and there might be additional delay due to ramping procedure. Nfreq is the total number of frequency layers to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known. Note that Current Nfreq, NSA in section TS38.133 section 9.1.3.1 applies only for NR NSA, but the Nfreq here is for NR SA. Update is to be done in corresponding sections as long as Nfreq is specified. For the specific numbers of factors in the equation, we can refer to further updates.

Proposal 2: For NR UE RRC connection re-establishment requirement, we also reuse LTE equation as the baseline.
3. Conclusion
In this contribution, we share discussion on UE requirement for NR RRC connection re-establishment which is similar to the one specified for LTE in TS 36.133. The corresponding change to TS38.133 can be reflected in another paper [2].

Proposal 1: For NR RRC connection re-establishment requirement, we reuse the LTE equation.

Proposal 2: For NR UE RRC connection re-establishment requirement, we also reuse LTE equation as the baseline.
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