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1 Introduction
In the RAN4 #AH1807 meeting, a CR about the RRC re-establishment requirement was agreed [1]. A requirement table to capture the scenario whether UE could maintain subframe level synchronization or not is shown as follow.
	Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [5] x TSMTC)
	MAX (800 ms, [10] x TSMTC)

	≥ X
	FR2
	MAX (400 ms, K2 x [5] x TSMTC)
	MAX (1000 ms, (K3 x [10]) x TSMTC))

	< X
	FR1
	TBD
	TBD

	< X
	FR2
	TBD
	TBD


Editor’s note: K2 and K3 are FFS and is the number of receiver beam sweeps required to measure/detect NR cell in FR2. The SCH Ês/Iot threshold (i.e, value of X) can be later decided based on RLM test cases.
Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [6] x TSMTC, i)
	MAX (800 ms, [13] x TSMTC, i)

	≥ X
	FR2
	MAX (400 ms, K4 x [6] x TSMTC, i)
	MAX (1000 ms, (K5 x [13]) x TSMTC, i))

	< X
	FR1
	TBD
	TBD

	< X
	FR2
	TBD
	TBD


Editor’s note: K4 and K5 are FFS and is the number of receiver beam sweeps required to measure/detect NR cell in FR2. The SCH Ês/Iot threshold (i.e, value of X) can be later decided based on RLM test cases.



In this paper, we will continue to discuss the requirement for RRC re-establishment when UE is out of synchronization with the serving cell. 
2 RRC Re-establishment Discussion
There are several reasons that will result in RRC re-establishment procedure, such as Radio link failure, Handover failure, etc. If re-establishment occurs due to radio link failure (RLF), it may mean that UE is already losing track of the serving cell timing. Considering the SMTC offset configuration is based on the timing of the serving cell. Once RLF happens, the reference timing from the serving cell becomes unreliable, it is not guaranteed that UE can still detect the SSB even though the full SSB timing information (periodicity, offset, duration) of inter-frequency layers are provided.
Timing Drifting
The situation in NR is very different to LTE. In LTE, PSS and SSS are transmitted every 5ms. Therefore, even if UE is already out of synchronization with the serving cell, UE can still detect the PSS/SSS of neighbouring cells in other frequency layer in a very short time, given a certain side condition. However, in NR the SSB timing location is indicated through SSB periodicity, offset and duration. The periodicity could be as long as 160ms. After losing track with the serving cell, the timing of UE starts drifting. The longer time UE cannot find a cell to calibrate its timing, the bigger timing drifting is expected. In the worst case, the total amount of timing drifting will make all SSB offset information become useless.
[bookmark: _Ref513880707]Observation 1: When RLF happens, the serving cell timing could be unreliable such that the assistance information of SSB offset becomes useless. UE needs to start cell selection process to find a suitable cell. 
Target Frequency SMTC periodicity
In this situation, the UE has to start the cell search process to find a suitable cell to camp on without any timing assistance information. This behaviour is similar as initial access process in IDLE mode. From this view, the UE will only monitor the frequency layers whose SMTC periodicity is equal or less than 20ms which is the default SMTC periodicity in IDLE mode.
[bookmark: _Ref521070645]Proposal 1: UE will only re-establish the RRC connection in the frequency which SMTC periodicity is equal or less than 20ms when serving cell SCH Ês/Iot less than [X]dB. 
Known cell/Unknown cell
The biggest difference between known cell and unknown cell is whether UE needs to execute cell search. In this case, the target cell is always unknown when UE is already losing track of the serving cell timing. In other words, cell search is mandatory.
[bookmark: _Ref521070650]Proposal 2: The requirement always assumes target cell as unknown cell when serving cell SCH Ês/Iot less than [X]dB.
Frequency Drifting
When UE is already losing tracking of the serving cell timing, another important issue should be considered is the ARFCN frequency drifting in UE. If the UE is already out of timing synchronization with the serving cell, the UE will also have frequency synchronization problem at the same time. The longer time UE cannot find a cell to calibrate its frequency, the bigger frequency drifting is expected too. Thus, the UE has to try multiple frequency hypotheses for coarse frequency synchronization and needs more time for frequency fine tracking. One possible UE implementation is that: UE tries 3 frequency hypotheses to capture the frequency drifting in cell search. Consequently, the UE will spend 3 times to complete the RRC re-establishment when serving cell SCH Ês/Iot less than [X]dB. The overall time for identifying the target frequency NR cell would be
Tsearch = TAGC + [3] x TPSS/SSS-sync + Tmeas
[bookmark: _Ref521070543][bookmark: _Ref513881503]Observation 2: When RLF happens, the ARFCN could be reliable accompanying with the serving cell timing drift. UE needs to start multiply frequency hypothesis cell searching process to find a suitable frequency. The overall searching time would be 
Tsearch = TAGC + [3] x TPSS/SSS-sync + Tmeas
Overall Delay
The overall Tsearch for intra-frequency will be max(800ms, (3x5+5) x TSMTC) in FR1 max(1000 ms, (K3 x [3x5+5]) x TSMTC)) in FR2. Considering the TSMTC equals 20ms, this equation should be simplified as 800ms in FR1. For FR2, considering possible Rx beam sweeping scaling factor will be 4 or 8, the equation could be simplified as 1600ms or 3200ms.
The overall Tsearch for inter-frequency will be max(800ms, (3+3x5+5) x TSMTC) in FR1 max(1000 ms, (K5 x [3+3x5+5]) x TSMTC)) in FR2. Considering the TSMTC equals 20ms, this equation can be simplified as 800ms in FR1. For FR2, considering possible Rx beam sweeping scaling factor will be 4 or 8, the equation could be simplified as 1840ms or 3680ms.  
[bookmark: _Ref521070655]Proposal 3: The overall time for identifying the target frequency NR cell would be
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [5] x TSMTC)
	MAX (800 ms, [10] x TSMTC)

	≥ X
	FR2
	MAX (400 ms, K2 x [5] x TSMTC)
	MAX (1000 ms, (K3 x [10]) x TSMTC))

	< X
	FR1
	800ms Note 1

	< X
	FR2
	[1600ms or 3200ms] Note 1

	Note 1: UE assumes the target frequency SMTC periodicity as 20ms 



	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [6] x TSMTC, i)
	MAX (800 ms, [13] x TSMTC, i)

	≥ X
	FR2
	MAX (400 ms, K4 x [6] x TSMTC, i)
	MAX (1000 ms, (K5 x [13]) x TSMTC, i))

	< X
	FR1
	800ms Note 1

	< X
	FR2
	[1840ms or 3680ms] Note 1

	Note 1: UE assumes the target frequency SMTC periodicity as 20ms 



3 RRC Re-establishment Requirement
[bookmark: _Ref521070740]In our understanding, some more clarifications are needed for TSMTC and Nfreq in the current requirement. This is captured as the Proposal 4.
Proposal 4: The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

TSMTC: It is the STMC periodicity configured for the intra-frequency carrier when serving cell SCH Ês/Iot is equal or larger than [X]dB. UE assumes the default SMTC periodicity as 20ms when serving cell SCH Ês/Iot is less than [X]dB.
TSMTC,i: It is the SMTC periodicity configured for the inter-frequency carrier i when serving cell SCH Ês/Iot is equal or larger than [X]dB. UE assumes the default SMTC periodicity as 20ms when serving cell SCH Ês/Iot is less than [X]dB.
Nfreq: It is the total number of NR frequency layers to be monitored for RRC re-establishment when serving cell SCH Ês/Iot is equal or larger than [X]dB; it should be the number of NR frequency layers configured with SMTC periodicity equal or less than 20ms when serving cell SCH Ês/Iot is less than [X]dB; Nfreq = 1 if the target PCell is known.
4 Summary
In this paper, we propose the RRC Re-establishment requirement for SA NR.
Observation 1: When RLF happens, the serving cell timing could be unreliable such that the assistance information of SSB offset becomes useless. UE needs to start cell selection process to find a suitable cell.
Observation 2: When RLF happens, the ARFCN could be reliable accompanying with the serving cell timing drift. UE needs to start multiply frequency hypothesis cell searching process to find a suitable frequency. The overall searching time would be
Tsearch = TAGC + [3] x TPSS/SSS-sync + Tmeas
Proposal 1: UE will only re-establish the RRC connection in the frequency which SMTC periodicity is equal or less than 20ms when serving cell SCH Ês/Iot less than [X]dB.
Proposal 2: The requirement always assumes target cell as unknown cell when serving cell SCH Ês/Iot less than [X]dB.
Proposal 3: The overall time for identifying the target frequency NR cell would be
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [5] x TSMTC)
	MAX (800 ms, [10] x TSMTC)

	≥ X
	FR2
	MAX (400 ms, K2 x [5] x TSMTC)
	MAX (1000 ms, (K3 x [10]) x TSMTC))

	< X
	FR1
	800ms Note 1

	< X
	FR2
	[1840ms or 3200ms] Note 1

	Note 1: UE assumes the target frequency SMTC periodicity as 20ms when serving cell SCH Ês/Iot less than [X]dB



	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [6] x TSMTC, i)
	MAX (800 ms, [13] x TSMTC, i)

	≥ X
	FR2
	MAX (400 ms, K4 x [6] x TSMTC, i)
	MAX (1000 ms, (K5 x [13]) x TSMTC, i))

	< X
	FR1
	800ms Note 1

	< X
	FR2
	[1840ms or 3680ms] Note 1

	Note 1: UE assumes the target frequency SMTC periodicity as 20ms when serving cell SCH Ês/Iot less than [X]dB



Proposal 4: The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

TSMTC: It is the STMC periodicity configured for the intra-frequency carrier when serving cell SCH Ês/Iot is equal or larger than [X]dB. UE assumes the default periodicity of the SMTC occasion as 20ms when serving cell SCH Ês/Iot is less than [X]dB.
TSMTC,i: It is the periodicity of the SMTC occasion configured for the inter-frequency carrier i when serving cell SCH Ês/Iot is equal or larger than [X]dB. UE assumes the default periodicity of the SMTC occasion as 20ms when serving cell SCH Ês/Iot is less than [X]dB.
Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment when serving cell SCH Ês/Iot is equal or larger than [X]dB; it should be the number of NR frequencies configured with SMTC periodicity equal or less than 20ms when serving cell SCH Ês/Iot is less than [X]dB; Nfreq = 1 if the target PCell is known.
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