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Introduction
In RAN4#92-Bis meeting, a Way Forward on RRM requirements for NR-U was agreed [1]. For PSCell addition/release delay and interruption requirements, the following was agreed:
PSCell Addition: Known/Unknown Target Cell Definition
· The known PSCell definition needs to be updated for NR-U
· Measured SSB remains detectable according to the cell identification conditions in the occasions where the SSB is available at the UE
· Investigate further: 
The time between the reception of the PSCell configuration command and measurement/report is extended to account for DL and UL LBT failures.
FFS how to extend
PSCell Addition Delay
· TRRC_delay and Tprocessing are the same as in Rel-15 NR
· Tsearch is extended by L1*Trs to account for DL LBT failures (L1≤L1max, L1max=TBD depending on Trs)
· T∆ is extended by L2*Trs to account for DL LBT failures (L2≤L2max, L2max=TBD depending on Trs)
· Check whether this is aligned with RAN2 procedure: 
TPSCell_ DU is extended by PRACH to account for UL LBT failures (PRACH=0 for channel access category 1). The maximum value of PRACH (PRACH,max) is TBD, upon exceeding which the UE can stop attempting to transmit PRACH and can abandon the PSCell addition procedure.
Interruptions:
· For TS 36.133: For PSCell addition/release interruptions in Scenario B of NR-U, UE is allowed of up to 1 subframe in synchronous EN-DC or 2 subframes in asynchronous EN-DC on PCell and activated SCells in MCG if configured during the RRC reconfiguration procedure
This interruption is for both uplink and downlink of (E-UTRAN) PCell and (E-UTRAN) SCell(s)


In this paper, we discuss the remaining issues on PSCell addition delay requirements. This paper is accompanied by CR to TS 36.133 [2] per the work split agreement in [3].
PSCell addition delay
The PSCell addition delay for an NR-U PSCell can be formulated as follows based on the agreements in [1]:
Upon receiving NR-U PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR-U PSCell no later than in subframe n + Tconfig PSCell:
Where:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
TRRC_delay is the RRC procedure delay as specified in TS 36.331.
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms for PSCell.
Tsearch is the time for AGC settling and PSS/SSS detection and is Tsearch = 0 ms for known target cell. If the target cell is an unknown cell and the target cell Es/Iot ≥ [-2] dB, then Tsearch = (3 + L1)* Trs ms;
-	L1 is the number of occasions during settling time that reference signal is not available due to CCA failure with L1 L1,max and L1,max is TBD;
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = (1 + L2)*Trs ms for a known and for an unknown PSCell.
-	L2 is the number of occasions during fine time tracking period that the reference signal is not available due to CCA failure with L2 L2,max and L2,max is TBD;
Trs is the SMTC periodicity of the target NR-U cell if the UE has been provided with an SMTC configuration for the target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this section is applied with a default TBD periodicity for SMTC. 
With the above agreements, the following items are remaining issues for PSCell addition delay:
· Definition of TPSCell_ DU and its extension due to UL CCA failure. 
· Determining the max values L1,max , L2,max and potentially the max PRACH attempt in TPSCell_ DU
· UE behaviour when the above max values are exceeded
· Default value of periodicity for SMTC if UE is not provided with SMTC configuration or measurement object on this frequency
We discuss these remaining items next.
TPSCell_ DU is uncertainty in acquiring the first available PRACH occasion in the new cell. However, its formulation is still being discussed in RAN1/2 whether there is gap between time domain RACH occasions or not. The RACH procedure already allows for multiple RACH attempts. Hence, we do not see a need to further extend the RACH attempt opportunities due to CCA failure in the UL. It is up to NW to configure a larger value for maximum number of RACH attempts that UE is allowed and this can be increased in unlicensed cells to account for CCA failure. 
Proposal 1.  TPSCell_ DU is uncertainty in acquiring the first available PRACH occasion in the new cell. RAN4 to wait for further progress in other working groups for more details.
Proposal 2. There is no need to extend the number of RACH occasions to account for CCA failure in UL. Specification already supports maximum number of RACH attempts that UE is allowed and this can be properly configured in unlicensed cells to account for CCA failure.
On the max value of L1,max , L2,max, as it has been discussed for other similar metrics, the max allowed value can be larger with shorter Trs. Our initial proposal is captured in the table below.
Proposal 3. RAN4 to adopt L1,max , L2,max as in the Table below.
	Procedure
	Rel-15 Samples
	Parameter Name
	Parameter Value
	Condition

	Search
	3
	L1,max
	9
	Trs  20ms

	
	
	
	6
	20ms< Trs  80ms

	
	
	
	3
	80ms< Trs

	Time tracking
	1
	L2,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs



Next issue is UE behaviour when L1,max , L2,max  are exceeded during search and time tracking phases. As discussed in previous meeting, the three phases of search, fine time tracking, and random access are sequential when each phase can only begin after successful completion of the previous phase. In [4], it was proposed that UE can restart the search and timing acquisition procedures again if max values are exceeded and then abandon the PSCell addition after N unsuccessful attempts. In our view, this method results in inefficiency of network operation as NW has no knowledge in which stage UE is and how many CCA failures it experiences. As a result, NW needs to reserve CFRA resources for the worst-case scenario where UE goes through N attempts. An alternative way is to use 1 attempt only and if it does not result in successful addition of PSCell after the allowed time, NW may trigger PSCell addition through RRC command again. 
Observation 1. NW has no knowledge in which stage of PSCell addition UE has failed and how many CCA failures it experiences. As a result, NW needs to reserve CFRA resources for the worst-case scenario if UE goes through multiple attempts.
Moreover, if UE abandons PSCell addition procedure with N=1 attempt as opposed to N>1, it will have the opportunity to fine-tune the RRC configuration parameters (e.g., by increasing the max number of RACH attempts UE is allowed) in subsequent attempts. 
Observation 2. If UE abandons PSCell addition procedure with N=1 attempt as opposed to N>1, it will have the opportunity to fine-tune the RRC configuration parameters (e.g., by increasing the max number of RACH attempts UE is allowed) in subsequent attempts. 
Proposal 4. Upon exceeding L1,max during search phase or L2,max during timing acquisition phase, UE to abandon PSCell addition procedure.
Finally, for default value of periodicity of SMTC if UE is not provided with SMTC configuration or measurement object, it is proposed to use the same value as in R15 since same SMTC periodicities are to be supported in NR-U as in NR. 
Proposal 5. For default value of periodicity of SMTC if UE is not provided with SMTC configuration or measurement object, use the same value as in R15.
Known PSCell definition
In clause 7.31.2 of TS 36.133, the definition of known PSCell is specified as:
In FR1 and FR2, the NR PSCell is known if it has been meeting the following conditions: 

During the last [5] seconds before the reception of the NR PSCell configuration command: 

· the UE has sent a valid measurement report for the NR PSCell being configured and 
· One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133

One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133


In our view, the period of [5] seconds are still suitable for NR-U known PSCell definition as it reflects the max time scale where a measurement report can remain valid. It is also noted that the measurement report is sent on PCell before PSCell is added and therefore is not subject to LBT in UL. 
In TS 36.133, similar definitions of known cell for FS3 (LTE LAA) can be found (e.g., clause 7.7.10). 
The term “cell remains detectable” is defined as side conditions for RSRP/RSRQ/SCH_RP being satisfied for the duration under consideration and the corresponding band (e.g., clause 8.11.2). In the RAN4#92-Bis meeting, it was captured:
· Measured SSB remains detectable according to the cell identification conditions in the occasions where the SSB is available at the UE


In our view, this term may need to be further modified in NR-U to account for the DL LBT failure at the cell level. RAN4 should discuss how “cell remains detectable” can be modified in NR-U. Possible modifications can include the percentage of time within [5] seconds that SSB index identified by UE is available and additionally the number of successive occasions where that SSB index is missed due to DL LBT failure. 
Proposal 6. NR-U PSCell is known if it has been meeting the following conditions: 

During the last [5] seconds before the reception of the NR-U PSCell configuration command: 

· the UE has sent a valid measurement report for the NR-U PSCell being configured and 
· One of the SSBs measured from the NR-U PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3A of TS 38.133 

One of the SSBs measured from NR-U PSCell being configured also remains detectable during the NR-U PSCell configuration delay according to the cell identification conditions specified in section 9.3A of TS 38.133 
Proposal 7. RAN4 to further discuss the modification of the term “cell remains detectable” for NR-U. 
Conclusions
Proposal 1.  TPSCell_ DU is uncertainty in acquiring the first available PRACH occasion in the new cell. RAN4 to wait for further progress in other working groups for more details.
Proposal 2. There is no need to extend the number of RACH occasions to account for CCA failure in UL. Specification already supports maximum number of RACH attempts that UE is allowed and this can be properly configured in unlicensed cells to account for CCA failure.
Proposal 3. RAN4 to adopt L1,max , L2,max as in the Table below.
	Procedure
	Rel-15 Samples
	Parameter Name
	Parameter Value
	Condition

	Search
	3
	L1,max
	9
	Trs  20ms

	
	
	
	6
	20ms< Trs  80ms

	
	
	
	3
	80ms< Trs

	Time tracking
	1
	L2,max
	3
	Trs  20ms

	
	
	
	2
	20ms< Trs  80ms

	
	
	
	1
	80ms< Trs



Observation 1. NW has no knowledge in which stage of PSCell addition UE has failed and how many CCA failures it experiences. As a result, NW needs to reserve CFRA resources for the worst-case scenario if UE goes through multiple attempts.
Observation 2. If UE abandons PSCell addition procedure with N=1 attempt as opposed to N>1, it will have the opportunity to fine-tune the RRC configuration parameters (e.g., by increasing the max number of RACH attempts UE is allowed) in subsequent attempts. 
Proposal 4. Upon exceeding L1,max during search phase or L2,max during timing acquisition phase, UE to abandon PSCell addition procedure.
Proposal 5. For default value of periodicity of SMTC if UE is not provided with SMTC configuration or measurement object, use the same value as in R15.
Proposal 6. NR-U PSCell is known if it has been meeting the following conditions: 

During the last [5] seconds before the reception of the NR-U PSCell configuration command: 

· the UE has sent a valid measurement report for the NR-U PSCell being configured and 
· One of the SSBs measured from the NR-U PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3A of TS 38.133 

One of the SSBs measured from NR-U PSCell being configured also remains detectable during the NR-U PSCell configuration delay according to the cell identification conditions specified in section 9.3A of TS 38.133.
[bookmark: _GoBack]Proposal 7. RAN4 to further discuss the modification of the term “cell remains detectable” for NR-U. 
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