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1 Introduction
In the last RAN4 meeting it was agreed to introduce a side condition for the NR serving cell which will impact the time to identify the target NR cell. The actual value of the serving cell’s side condition (SCH Ês/Iot threshold = X) shall be later decided based on RLM test cases. However in this contribution we focus on the impact on the time to detect the target NR cells when the UE has lost the serving cell timing. 
2 Analysis of Cell Identification without Serving Cell Timing Information
Under certain scenarios such as upon radio link failure, the UE might completely loose the timing of the NR serving cell. This will eventually trigger the UE to perform RRC re-establishment to a NR target cell. But due to lack of the serving cell timing the UE cannot use the SMTC offset information to determine the timing of the SMTC of an unknown target cell. But the UE will have knowledge of the SMTC periodicity and SMTC window, which can be used to detect the timing of the unknown target cell. However the time to detect the unknown NR target cell will be much longer as compared to the case when the UE retains the old serving cell timing and could use the SMTC offset for detecting the target NR cell.  The scenario to detect the target NR cell without using SMTC offset is analogous to the NR cell detection carried out to estimate inter-RAT SFTD measurement, which is turn is used for starting the EN-DC operation. Therefore the NR cell search procedure in this case is similar to that describe for inter-RAT SFTD measurement [1-2]. One difference is that of the side conditions. In case of inter-RAT SFTD the target cell’s SCH Es/Iot is assume to be -3 dB. But for RRC re-establishment the target NR cell needs to be identified down to SCH Es/Iot of -6 dB. 
The simulation results have shown that when SMTC offset is known then the UE can detect the target cell within 3 attempts at SCH Es/Iot ≥ -6 dB [3]. But without using the timing information, the NR cell detection will be similar for inter-RAT SFTD measurement, and would require 5 SMTC periods for each attempt to capture PSS/SSS [1-2]. We assume that the UE after losing the serving cell detects the target NR cell assuming 20 ms SMTC periodicity. The cell search shall be done once every 20 ms by assuming 5 ms radio time. Then one additional SMTC is needed between each attempt to take into account the fact that due to resource restrictions (cell search is done over 5ms radio time/20ms) there is restriction on how the offset can be changed. Therefore assuming 3 attempts to detect the PSS/SSS of an unknown intra-frequency NR cell, total number SMTC will be: 3*5 SMTC periods + 2 SMTC periods = 17 SMTC periods. Then 5 additional SMTC periods are needed for SS-RSRP measurement leading to total cell search time of up to 22 SMTC periods for FR1. For FR2, the intra-frequency cell search time needs to be scaled (multiplied) with a scaling factor (K3). 
To detect an unknown inter-frequency NR cell, 3 additional SMTC periods are needed for AGC as in the current cell search requirements for RRC re-establishment (when the serving cell is valid). This means the total number SMTC periods to detect the PSS/SSS of an unknown inter-frequency NR cell will be: 20 SMTC periods. With 5 additional SMTC periods for SS-RSRP measurement, the total cell search time shall not exceed 25 SMTC periods for FR1. For FR2, the inter-frequency cell search time needs to be scaled (multiplied) with a scaling factor (K5).
We don’t see any impact on the cell search time for a known intra-frequency cell or known inter-frequency cell even if the UE has lost the serving cell timing. This is because the UE retains complete timing information of any known cell.
The above analysis is captured in the following main proposals regarding cell search times. 

· Proposal # 1: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known intra-frequency FR1 cell within MAX (200 ms, [5] x TSMTC) and a known intra-frequency FR2 cell within MAX (400 ms, K2 x [5] x TSMTC) for RRC re-establishment to that cell.
· Proposal # 2: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known inter-frequency FR1 cell within MAX (200 ms, [5] x TSMTC) and a known inter-frequency FR2 cell within MAX (400 ms, K4 x [5] x TSMTC) for RRC re-establishment to that cell.
· Proposal # 3: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known intra-frequency FR1 cell within MAX (800 ms, [22] x TSMTC) and an unknown intra-frequency FR2 cell within MAX (1000 ms, (K3 x [22]) x TSMTC)) for RRC re-establishment to that cell.
· Proposal # 4: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known inter-frequency FR1 cell within MAX (800 ms, [25] x TSMTC, i) and an unknown inter-frequency FR2 cell within MAX (1000 ms, (K5 x [25]) x TSMTC, i)) for RRC re-establishment to that cell.
The value of SCH Ês/Iot threshold, X, is FFS and shall be decided based on RLM test cases as agreed in the last meeting. However the cell search time shall not be impacted by the value of X since it will correspond to level at which the UE cannot use the serving cell timing for determining the SMTC timing of the target cell.
3 Summary

In this paper we have analysed the impact of losing serving cell timing (e.g. due to RLF) on the cell detection time of NR target cell under RRC re-establishment. The time to detect a known intra-frequency cell or known inter-frequency cell shall not be impacted. However the time to detect an unknown intra-frequency cell or unknown inter-frequency cell needs to be extended. The main proposals are as follows:
· Proposal # 1: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known intra-frequency FR1 cell within MAX (200 ms, [5] x TSMTC) and a known intra-frequency FR2 cell within MAX (400 ms, K2 x [5] x TSMTC) for RRC re-establishment to that cell.
· Proposal # 2: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known inter-frequency FR1 cell within MAX (200 ms, [5] x TSMTC) and a known inter-frequency FR2 cell within MAX (400 ms, K4 x [5] x TSMTC) for RRC re-establishment to that cell.
· Proposal # 3: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known intra-frequency FR1 cell within MAX (800 ms, [22] x TSMTC) and an unknown intra-frequency FR2 cell within MAX (1000 ms, (K3 x [22]) x TSMTC)) for RRC re-establishment to that cell.
· Proposal # 4: When the UE has lost serving cell timing (i.e. SCH Ês/Iot < X) the UE shall be able to identify a known inter-frequency FR1 cell within MAX (800 ms, [25] x TSMTC, i) and an unknown inter-frequency FR2 cell within MAX (1000 ms, (K5 x [25]) x TSMTC, i)) for RRC re-establishment to that cell.
The CR to update the core requirements is provided in [4].
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