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In the last RAN4 meeting following agreement comprising three different options for defining RRC re-establishment requirements was reached [1]:
· Option 1:
· UE behavior is based on K1,max, K2,i,max, and KSI,max (FFS K3,max)
· KSI,max is the maximum time for SI reading
· Option 2:
· Use the existing RAN2 procedure upon the expiring of the T311 timer
· Option 3: 
· UE behavior is based on K1,max, K2,i,max, and KSI,max (FFS K3,max) and timer T311, whichever comes first
In the earlier meeting the following values of K1,max, K2,i,max, were agreed for and for known cell [2]:
· For known cell case
· (during intra-frequency cell search): 
· K1,max=[12] when TSMTC ≤ 40 ms, and 
· K1,max=[8] when TSMTC > 40 ms
· (during inter-frequency cell search): 
· K2.i,max =[10] when TSMTC,i ≤ 40 ms, and 
· K1,max=[6] when TSMTC,i > 40 ms
· (during RA): 
· K3, max=[8] when Tconfig ≤ 40 ms, and 
· K3, max=[4] when Tconfig > 40 ms
· FFS for unknown cell case
· Wait for RAN2 decision on the UL LBT failure mechanism before making the requirements for TPRACH in NR-U
In this paper we address the open issues related to the RRC connection re-establishment requirements identified in [1]. 
Analysis of different options
According to the RRC procedure in TS 38.331, upon expiry of the RRC re-establishment timer (T311) the UE enters RRC_IDLE. Due to well define UE behaviour upon expiry of TS 311, option 2 or option 3 are preferred over option 1.
In order to choose between option 2 and option 3 it is important to check the T311 values. As shown in the following IE from TS 36.331 the T311 can be very long up to 30 seconds:

RLF-TimersAndConstants information element
RLF-TimersAndConstants ::=          SEQUENCE {
    t310                                ENUMERATED {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000, ms4000, ms6000},
    n310                                ENUMERATED {n1, n2, n3, n4, n6, n8, n10, n20},
    n311                                ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10},
    ...,
    [[
    t311                                ENUMERATED {ms1000, ms3000, ms5000, ms10000, ms15000, ms20000, ms30000}
A large T311 value means that under consistent DL LBT failures the UE might be stuck in one stage (e.g. cell search) what may lead to inconsistent measurement e.g. due to averaging of much older measurement samples for obtaining the measurements. Therefore, it is important to define the maximum value of the parameters (K1,max, K2,i,max, and KSI,max) and also the UE behavior upon exceeding them. We therefore propose to use option 3.
· Observation # 1: RRC re-establishment timer (T311) can have very large value up to 30 seconds. 
· Proposal # 1: Use option 3 (i.e. UE behavior is based on K1,max, K2,i,max, and KSI,max (FFS K3,max) and timer T311, whichever comes first) and specify corresponding UE behavior.  
Analysis of UE behaviour 
In this section we analys UE behaviour considering option 3. 
UE behaviour upon (K1, K2,i) exceeding (K1,max, K2,i,max)
Under high DL LBT failures (e.g. under heavy traffic) the number of times the SMTC occasions becomes unavailable at the UE may exceed the maximum allowed value e.g. 12 when TSMTC = 40 ms for intra-frequency carrier. In RRC connection re-establishment procedure the cell identification delay (Tidentify_intra_NR or Tidentify_inter_NR, i ) even for searching an unkown cell also includes SS-RSRP measurement, which in turn includes L1 filtering e.g. 5 or more SS-RSRP samples. The cell identification delay for a known cell mainly comprises of SS-RSRP measurement period. 
It is not feasible to obtain SS-RSRP measurement for the RRC connection re-establishment by averaging samples which are excessively separated in time. Therefore, it is important that the UE retart the measurement when K1 exceeds K1,max for intra-frequency case or when K2,i exceeds K2,i,max for inter-frequency case. Under very heavy DL LBT failure the UE may not succed in obtaining the SSB of the target cell. The expiration of the timer T311 will eventually allow the UE to exit from the RRC connection re-establishment procedure. Therefore, there is no need to put any limit on the numberof times the UE shall restart the cell search procedure upon K1 exceeding K1,max or K2,i exceeding K2,i,max. 
· Observation # 2: The cell search delay (Tidentify-NR) in RRC connection re-establishment procedure correspond to or at least include L1 filtered SS-RSRP measurement.
· Proposal # 2: When K1 exceeds K1,max for intra-frequency case or when K2,i exceeds K2,i,max for inter-frequency case, the UE shall restart the identification of the target cell on the carrier(s) configured for RRC connection re-establishment.  
UE behaviour upon KSI exceeds KSI,max
Parameter KSI is the number of SI occasions that are unavailable for SI acquisition due to DL LBT failures and KSI,max is the maximum allowed number of missed SI occasions. RAN4 is currently discussing the approach for defining the time of acquire the SI as function of LBT failures or as a fixed value. The KSI is likely to be split into number of unavailable MIB occasions and number of unavailable SIB1 occasions [3]. The UE behaviour upon exceeds them needs to be defined once the methodology for specifying the SI acquisition in NR-U is agreed.
· Proposal # 3: UE behaviour upon missed SI occasions exceeding KSI,max needs to be defined once the methodology for specifying the SI acquisition in NR-U is agreed.  
UE behaviour upon K3 exceeds K3,max
Parameter K3 is the number of PRACH occasions that are unavailable for PRACH transmission due to LBT failure and K3,max is the maximum allowed number of missed PRACH occasions (L2, max). According to the approved WF in [2] the need for defining K3,max is subject to RAN2 decision on the UL LBT failure mechanism. 
According to the latest version of the RAN2 running stage-2 CR to TS 38.300 the following has been captured regarding the UE behaviour upon reaching consistent uplink LBT failures. In RRC release with redirection only PCell is involved. As noted in the highlighted text that under consistent uplink LBT failure on RACH resources in PCell, the UE shall declare the RLF. RAN2 is defining the UE behaviour in the stage-3 MAC specification, TS 38.321.
When the UE detects consistent uplink LBT failures, it takes actions as specified in TS 38.321 [6]. The detection is per BWP and based on all uplink transmissions within this BWP. When consistent uplink LBT failures are detected on SCell(s), the UE reports this to the corresponding gNB (MN for MCG, SN for SCG) via MAC CE on a different serving cell other than the SCell (s) where the failures were detected. If no resources are available to transmit the MAC CE, a Scheduling Request (SR) can be transmitted by the UE. When consistent uplink LBT failures are detected on SpCell, the UE switches to another UL BWP with configured RACH resources on that cell, initiates RACH, and reports the failure via MAC CE. When multiple UL BWPs are available for switching, it is up to the UE implementation which one to select. For PSCell, if consistent uplink LBT failures are detected on all the UL BWPs with configured RACH resources, the UE declares SCG RLF and reports the failure to the MN via SCGFailureInformation. For PCell, if the uplink LBT failures are detected on all the UL BWP(s) with configured RACH resources, the UE declares RLF.
In the latest version of the RAN2 running CR to TS 38.331 the procedure to configure the UE with paraneters comprising an UL LBT failure detection timer and a maximum number of UL LBT failure count, which trigger consistent uplink LBT failures is being specified, as shown below:
–	LBT-FailureRecoveryConfig
[bookmark: _Hlk23050077]The IE LBT-FailureRecoveryConfig-r16 is used to configure the parameters used for detection of consistent uplink LBT failures for operation with shared spectrum channel access, as specified in TS 38.321 [3].
LBT-FailureRecoveryConfig information element
LBT-FailureRecoveryConfig-r16 ::=            SEQUENCE {
    lbt-FailureInstanceMaxCount                         ENUMERATED {ffsValue}      OPTIONAL,   -- Need
    lbt-FailureDetectionTimer                           ENUMERATED {ffsValue}      OPTIONAL,   -- Need
}
	LBT-FailureRecoveryConfig field descriptions

	lbt-FailureDetectionTimert
Timer for consistent uplink LBT failure detection (see TS 38.321 [3]).

	lbt-FailureInstanceMaxCount
This field determines after how many consistent uplink LBT failure events the UE triggers uplink LBT failure recovery (see TS 38.321 [3]).



Based on the above analysis our conclusion is that RAN4 does not need to define parameter, K3,max, because consistent LBT failure preventing the UE from sending PRACH to the target cell is taken care of the RAN2 procedure. 
· Observation # 2: According to the RAN2 procedure the UE upon reaching consistent uplink LBT failures on PRACH in PCell shall declare RLF.
· Proposal # 4: The parameter, maximum allowed number of missed PRACH occasions (K3,max), shall not be specified by RAN4. 
Maximum allowed LBT failures for unknown cell
According to the existing cell identification delay the number of samples required for identifying an unknown cell is at least two times compared to the corresponding number of samples required for identifying a known cell e.g. 5 samples for intra-frequency known cell and 10 samples for intra-frequency unknown cell. 
In order to statistically allow the same LBT performance for the known and unknown cells, it is proposed to proportionally increase the maximum allowed number of CCA failures for cell identitifcation of the unknown intra-frequency and inter-frequency target cell. 
The UE transmits PRACH to the target cell after that has been identified. Therefore, the maximum allowed number of missed PRACH occasions for transmitting PRACH in the ‘unknown’ target cell should be the same as agreed when the target cell is known. 
The proposed values of maximum allowed number of missed SMTC cycles for the unknown intra-frequency cell and for unknown inter-frequency cell are shown in tables 1 and 2 respectively.
Table 1: Maximum allowed number of missed SMTC cycles for identification of unknown intra-frequency cell
	SMTC period (TSMTC)
	Maximum allowed number of missed SMTC cycles (K1,max)

	TSMTC ≤ 40 ms
	24

	TSMTC > 40 ms
	16


Table 2: Maximum allowed number of missed SMTC cycles for identification of unknown inter-frequency cell
	SMTC period (TSMTC, i)
	Maximum allowed number of missed SMTC cycles (K2.i,max)

	TSMTC, i ≤ 40 ms
	20

	TSMTC, i > 40 ms
	12



Summary
In this paper we have analysed the several open issues related to UE behaviour and maximum allowed number of missed SMTC cycles during cell identification of unknown intra- and inter-frequency target cell and maximum allowed number of missed PRACH occasions during random access transmission in RRC re-establishment procedure. Following are the observations and proposals based on the analysis:

· Observation # 1: RRC re-establishment timer (T311) can have very large value up to 30 seconds. 
· Proposal # 1: Use option 3 (i.e. UE behavior is based on K1,max, K2,i,max, and KSI,max (FFS K3,max) and timer T311, whichever comes first) and specify corresponding UE behavior.  
· Observation # 2: The cell search delay (Tidentify-NR) in RRC connection re-establishment procedure correspond to or at least include L1 filtered SS-RSRP measurement.
· Proposal # 2: When K1 exceeds K1,max for intra-frequency case or when K2,i exceeds K2,i,max for inter-frequency case, the UE shall restart the identification of the target cell on the carrier(s) configured for RRC connection re-establishment.  
· Proposal # 3: UE behaviour upon missed SI occasions exceeding KSI,max needs to be defined once the methodology for specifying the SI acquisition in NR-U is agreed.  
· Observation # 2: According to the RAN2 procedure the UE upon reaching consistent uplink LBT failures on PRACH in PCell shall declare RLF.
· Proposal # 4: The parameter, maximum allowed number of missed PRACH occasions (K3,max), shall not be specified by RAN4. 
· Proposal # 5: Maximum allowed number of missed SMTC cycles for cell identification of an unknown intra-frequency cell is expressed in table 1:
Table 1: Maximum allowed number of missed SMTC cycles for identification of unknown intra-frequency cell
	SMTC period (TSMTC)
	Maximum allowed number of missed SMTC cycles (K1,max)

	TSMTC ≤ 40 ms
	24

	TSMTC > 40 ms
	16



· Proposal # 6: Maximum allowed number of missed SMTC cycles for cell identification of an unknown inter-frequency cell is expressed in table 2:
Table 2: Maximum allowed number of missed SMTC cycles for identification of unknown intra-frequency cell
	SMTC period (TSMTC, i)
	Maximum allowed number of missed SMTC cycles (K2.i,max)

	TSMTC, i ≤ 40 ms
	20

	TSMTC, i > 40 ms
	12
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