3GPP TSG RAN WG4 Meeting # 87
R4-1807495
Busan, Korea, May 21-25, 2018
Agenda Item:
7.10.8.3
Source: 
Ericsson
Title:
Further Analysis of RRC Re-establishment Requirements in NR
Document for:
Discussion
1 Introduction
The requirements for RRC connection re-establishment in NR have been studied in the last few meetings [1-2]. In the RAN4 meeting there was no agreement and the latest agreements are captured in a WF which was approved in the previous meeting [3]. In this contribution we analyse the related cell search requirements for this procedure. 
2 Analysis of Cell Search Time 
The overall RRC re-establishment delay is the time between the moment when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 is detected by the UE and the time when the UE sends PRACH to the target PCell and is expressed as follows:
TUE-re-establish_delay = [X] ms + Nfreq *Tidentify-NR + TSI-NR + TPRACH

One key aspect is the time to detect the target NR cell for performing the RRC connection re-establishment. As agreed in the WF that the RRC re-establishment requirements shall be defined for a known target NR cell and an unknown target NR cell like in LTE. Furthermore the side conditions corresponding to intra-frequency measurement under non-DRX without gaps shall be assumed when deriving the cell search (PSS/SSS acquisition) requirements for both cases. They are analyzed below:

2.1 Cell search time of unknown NR cell

The PSS/SSS acquisition time needs to be separately analyzed for an unknown NR cell in FR1 and FR2.
The PSS/SSS acquisition time (TPSS/SSS_FR1_unknown_cell) for an unknown NR intra-frequency cell in FR1 has been agreed as 5 SMTC periods. The SS-RSRP measurement period is also 5 SMTC periods. This means in FR1 when the target cell is on the serving carrier frequency the overall cell search delay shall be less than 10 SMTC. On the other hand when the target cell is on non-serving carrier frequency the overall cell search delay needs to account for time required for AGC settings. Assuming 3 SMTC for AGC, the overall cell search time shall be less than 13 SMTC for known non-serving cell in FR1. In FR2 additional time is required due to receiver beam sweeping. There is substantial difference (3 SMTC periods) between time to detect target cell on serving cell and non-serving carrier frequency. We therefore agree with the approach to define separate requirements for these two cases. According to the current NR intra-frequency measurement requirements the minimum cell search times for FR1 is 600 ms + 200 ms (800 ms) and for FR2 is 600 ms + 400 ms (1000 ms).
The cell search times (Tidentify-NR) for FR1 and FR2 when the target NR intra-frequency cell is unknown are expressed in table 1. The cell search times (Tidentify-NR) for FR1 and FR2 when the target NR inter-frequency cell is unknown are expressed in table 2. The parameter, K2 in table 1 or K3 in table 2, is the number of receiver beam sweeps required for the cell search in FR2. The values of K2 and K3 are FFS.
The above analysis on cell search of unknown NR cell assumes that the target NR cell has side condition of SCH Ês/Iot ≥ -6 dB.
Table 1: Time to identify unknown NR intra-frequency NR cell in RRC connection re-establishment

	Frequency range (FR) of target NR cell
	Tidentify-NR [ms]

	FR1
	MAX (800 ms, [10] x SMTC period)

	FR2
	MAX (1000 ms, ([5] +K2 x [5]) x SMTC period))


Table 2: Time to identify unknown NR inter-frequency cell in RRC connection re-establishment

	Frequency range (FR) of target NR cell
	Tidentify-NR [ms]

	FR1
	MAX (800 ms, [13] x SMTC period)

	FR2
	MAX (1000 ms, ([5] +K3 x [8]) x SMTC period))


· Proposal 1:  In RRC re-establishment to unknown NR intra-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (800 ms, [10] x SMTC period).
·  Proposal 2:  In RRC re-establishment to unknown NR inter-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (800 ms, [13] x SMTC period).
· Proposal 3:  In RRC re-establishment to unknown NR intra-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (1000 ms, ([5] +K2 x [5]) x SMTC period)), where K2 account for receiver beam sweeping and is FFS.
·  Proposal 4:  In RRC re-establishment to unknown NR inter-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (1000 ms, ([5] +K3 x [8]) x SMTC period)), where K3 account for receiver beam sweeping and is FFS.
2.2 Cell search time of known NR cell
If the cell is known then the UE does not need to detect PSS/SSS (PCI) of that cell. But the UE needs to measure SS-RSRP for path loss estimation for sending random access. In LTE the cell search time for a known cell during RRC re-establishment procedure is 100 ms. The non-DRX L1 measurement period in LTE is 200 ms. In NR the intra-frequency SS-RSRP measurement periods for FR1 and FR2 are MAX (200 ms, 5*SMTC period) and MAX (400 ms, 5*SMTC period) respectively. For non-serving cell the UE might need one additional SMTC period for AGC setting. 
The above analysis on cell search of known NR cell assumes that the target NR cell has side condition of SCH Ês/Iot ≥ -6 dB.
Table 3: Time to identify known NR intra-frequency NR cell in RRC connection re-establishment
	Frequency range (FR) of target NR cell
	Tidentify-NR [ms]

	FR1
	MAX (200 ms, [5] x SMTC period)

	FR2
	MAX (400 ms, [5] x SMTC period)


Table 4: Time to identify known NR inter-frequency cell in RRC connection re-establishment

	Frequency range (FR) of target NR cell
	Tidentify-NR [ms]

	FR1
	MAX (200 ms, [6] x SMTC period)

	FR2
	MAX (400 ms, [6] x SMTC period)


· Proposal 5:  In RRC re-establishment to known NR intra-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (200 ms, [5] x SMTC period).
·  Proposal 6:  In RRC re-establishment to known NR inter-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (200 ms, [6] x SMTC period).
· Proposal 7:  In RRC re-establishment to known NR intra-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (400 ms, ([5] x SMTC period)).
·  Proposal 8:  In RRC re-establishment to known NR inter-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (400 ms, ([6] x SMTC period)).
3 Summary

In this paper we have further analysed the overall requirements for RRC connection re-establishment procedure in NR and the NR cell detection time under different scenarios/side conditions applicable for RRC connection re-establishment procedure. The main proposals are:
· Proposal 1:  In RRC re-establishment to unknown NR intra-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (800 ms, [10] x SMTC period).
·  Proposal 2:  In RRC re-establishment to unknown NR inter-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (800 ms, [13] x SMTC period).
· Proposal 3:  In RRC re-establishment to unknown NR intra-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (1000 ms, ([5] +K2 x [5]) x SMTC period)), where K2 account for receiver beam sweeping and is FFS.
·  Proposal 4:  In RRC re-establishment to unknown NR inter-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (1000 ms, ([5] +K3 x [8]) x SMTC period)), where K3 account for receiver beam sweeping and is FFS.
· Proposal 5:  In RRC re-establishment to known NR intra-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (200 ms, [5] x SMTC period).
·  Proposal 6:  In RRC re-establishment to known NR inter-frequency cell in FR1, the total cell search time (Tidentify-NR) shall be MAX (200 ms, [6] x SMTC period).
· Proposal 7:  In RRC re-establishment to known NR intra-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (400 ms, ([5] x SMTC period)).
·  Proposal 8:  In RRC re-establishment to known NR inter-frequency cell in FR2, the total cell search time (Tidentify-NR) shall be MAX (400 ms, ([6] x SMTC period)).
· Proposal 9:  Tidentify-NR is proposals 1-8 are applicable under the following condition of the target NR cell: SCH Ês/Iot ≥ -6 dB.
A CR to specify RRC connection re-establishment requirements in NR based on the above proposals is provided in [4].
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