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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on identified RRM requirement for the three NR-U prirotized scenarios (A, B and C) was approved [1]. The WF also contains the impact on the RRC re-establishment requirements, which comprises the time to re-establish RRC connection to an intra-frequency or inter-frequency NR cell:
Table 1: RRM requirements for supporting scenarios with different NR-U cells
	Requirements
	Comments
	NR-U SCell (Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell (Scenario B Note 2)
	NR-U PCell (Scenario C Note 2)

	
	
	DL
	DL+UL
	
	

	RRC re-establishment
	RRC re-establishment
	N/A
	N/A
	Yes


The RRC re-establishment is relevant only for scenario C which is standalone NR-U operation on PCell, or PCell and SCell(s). In his paper we provide an initial analysis of the RRC re-establishment requirements for NR-U in scenario C. 
2. Analysis of requirements in NR-U
2.1 Background
The existing RRC connection re-establishment requirements are defined in section 6.2.1 of TS 38.133. The UE is required to send RRCReestablishmentRequest message within Tre-establish_delay seconds from the moment it detects a loss in RRC connection. 
                                             (1)
In the above equation the UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the condition for RRC re-establishment is detect by the UE and when the UE sends PRACH to the target PCell:
(2)
2.2 RRC re-establishment scenarios wrt type of NR bands
In the existing RRC re-establishment requirements both old PCell and target PCell operate on licensed band. However, as shown in table 2 that wrt NR-U operation three possible scenarios or cases wrt the type of bands of the old PCell and the new PCell can be envisaged. In cases # 1 and # 2, the target PCell is on unlicensed band. In cases # 3, the target PCell is on licensed band (which can be FR1 or FR2). 
Table 2: Scenarios for RRC re-establishment in scenario C
	Scenario wrt PCell’s band type
	Old NR PCell
	Target PCell for RRC re-establishment

	Case # 1
	PCell in unlicensed band
	PCell in unlicensed band

	Case # 2
	PCell in licensed band 
	PCell in unlicensed band

	Case # 3
	PCell in unlicensed band
	PCell in licensed band


2.3 Requirements for different scenarios wrt type of NR bands
The RRC re-establishment delay requirements depend on the target PCell. Therefore, in our view the existing requirements (defined in section 6.2.1 in TS 38.133) can be reused for the scenario in case # 3 since the target PCell is in the licensed band. The requirements fo both target PCell in FR1 and FR2 should apply for case # 3.
However, for the scenario in cases # 1 or #2, the RRC re-establishment delay will be impacted by the LBT failures on the target cell in DL and UL. 
Any LBT failures in the DL of the target cell will result in:
· longer cell identification time wrt existing cell search delay (in Eq. 2) if the DL LBT failure occurs during the cell search phase and/or
· longer SI acquisition time wrt existing SI delay (in Eq. 2) if the DL LBT failure occurs during the SI acquisition phase.
Any LBT failures in the UL of the target cell will result in:
· longer time to send RACH wrt existing RACH transmission delay (in Eq. 2) if the UL LBT failure occurs during the RACH transmission phase.
Cell search times:
The cell search time can be extended by a factor comprising the number of DMTC occasions which are not available at the UE due to DL LBT failures in the target cell during the cell search period. The extended cell search times for intra-frequency and inter-frequency target cells are shown in table 3 and table 3 respectively. DMTC in NR-U is analogous to SMTC in NR.
Where:
· K1 is the number of DMTC occasions unavailable at the UE during the intra-frequency cell search period due to DL LBT failure in the target cell. 
· K2,i is the number of DMTC occasions unavailable at the UE during the inter-frequency cell search period due to DL LBT failure in the target cell of carrier i. 
Table 3: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell in unlicensed band
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ [-8]
	FR1
	MAX (200 ms, ([5]+K1) xTDMTC)
	MAX (800 ms, ([10]+K1) x TDMTC)

	< [-8]
	FR1
	N/A
	(800+20*K1)Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TDMTC > 20 ms and serving cell SSB Ês/Iot < [-8] dB.


Table 4: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell in unlicensed band
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ [-8]
	FR1
	MAX (200 ms, ([6]+K2,i)xTDMTC, i)
	MAX (800 ms, ([13]+K2,i) x TDMTC, i)

	< [-8]
	FR1
	N/A
	[bookmark: _Hlk521492632](800 + 20*K2,i)Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TDMTC,i > 20 ms and serving cell SSB Ês/Iot < [-8] dB.





SI acquisition time:
The time to acquire system information (TSI-NR) comprises acquiring MIB, SIB1 and one or more additional SIBs. Due to DL LBT failure(s) in the BS the UE may not be able to acquire the SI within the existing time period. Therefore, TSI-NR will also be extended due to DL LBT failures in the BS. 
PRACH transmission delay:
The UE may be unable to transmit the PRACH at one or more occasions due to UL LBT failure in the target cell. Therefore the PRACH transmission delay be expressed as:
TPRACH (1+K3)
Where K3 is the number of PRACH transmission occasions which are unavailable for PRACH transmission by the UE due to UL LBT failures. 
3. Summary
In this paper we have analysed the requirements for RRC re-establishment in scenario C for different cases. Following are the observation and proposals based on our initial assessment:

· Proposal # 1: The RRC re-establishment delay for RRC re-establishment on the target cell on a carrier in unlicensed band may be extended due to LBT failures in DL and/or in UL in the target cell. 
· Proposal # 2: The RRC re-establishment delay for RRC re-establishment to the target cell on a carrier in unlicensed band can be derived by including the impact of LBT failures in DL and UL in the existing RRC re-establishment delay requirements in section 6.2.1 of TS 38.133. 
· Proposal # 3: The cell search times for intra-frequency target cell and inter-frequency target cell on carriers in unlicensed band within the RRC re-establishment delay are shown in table 3 and table 4 respectively below:
Table 3: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell in unlicensed band
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ [-8]
	FR1
	MAX (200 ms, ([5]+K1) xTDMTC)
	MAX (800 ms, ([10]+K1) x TDMTC)

	< [-8]
	FR1
	N/A
	(800+20*K1)Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TDMTC > 20 ms and serving cell SSB Ês/Iot < [-8] dB.


Table 4: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell in unlicensed band
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ [-8]
	FR1
	MAX (200 ms, ([6]+K2,i)xTDMTC, i)
	MAX (800 ms, ([13]+K2,i) x TDMTC, i)

	< [-8]
	FR1
	N/A
	(800 + 20*K2,i)Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TDMTC,i > 20 ms and serving cell SSB Ês/Iot < [-8] dB.


Where:
· K1 is the number of DMTC occasions unavailable at the UE during the intra-frequency cell search period due to DL LBT failure in the target cell. 
· K2,i is the number of DMTC occasions unavailable at the UE during the inter-frequency cell search period due to DL LBT failure in the target cell of carrier i. 
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