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Introduction
In RAN4#92 meeting, a Way Forward on RRM requirements for NR-U was agreed [1]. For PSCell addition/release requirements, the following was agreed:
· The PSCell release delay is not subject to signal availability and the existing requirements in 7.31 of 36.133 should apply


No specific agreement was reached on PSCell addition delay or interruptions due to PSCell addition/release. In this paper, we discuss these topics based on our views in [2].
PSCell addition delay
PScell addition and release delays and interruptions are relevant only in Scenario B; Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell). The existing requirements for EN-DC can be found in clause 7.31 of TS 36.133 for addition/release delays.
Specifically, the existing requirements state that upon receiving NR-U PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR 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 NR PSCell in FR1.
In the formulation of  Tconfig PSCell , the terms TRRC_delay , Tprocessing, and the 2ms SSB processing time remain identically applicable with NR-U PSCell. The remaining terms are now discussed:
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 * Trs ms;
It is noted that a similar term appears in the handover delay formulation which was agreed for NR-U in [1]:
HO:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = (1+ L1)* Trs + 2 ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = [(3+ L1´)* Trs + 2] ms where L1 and L1´ is the number of DRS occasions missed due to DL LBT during the intra-frequency and inter-frequency detection period, respectively.


More specifically, since NR-U PSCell is the inter-frequency target cell, Tsearch = (3+ L1´)* Trs  ms (with the 2ms being explicitly accounted for in the PSCell delay formula above.
For T∆:
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms for a known and for an unknown PSCell.
Again, the same term appears in the HO delay formulation with NR-U agreement [1] as in the following:
HO:
T∆ is the time for fine time tracking and acquiring full timing information of the target cell. T∆ = (1+ L2) * Trs  ms where L2 is the number of DRS occasions missing at the UE due to DL LBT during the time tracking period.


Finally, TPSCell_ DU is the delay uncertainty in acquiring the first PRACH occasion in NR PSCell and is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB TO PRACH occasion association period is defined in the Table 8.1-1 of TS 38.213. In HO agreement for NR-U, the same term exists [1]:
HO:
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to: (1 + L3) * TSSB,RO + 10 ms where TSSB,RO is the SSB to PRACH occasion association period [3] and L3 is the number of PRACH occasions that are unavailable for PRACH transmission due to LBT failure.

Summarizing all of the above, the delay formulation for PSCell NR-U addition can be expressed as in the following. 
Proposal 1. For PSCell addition delay in Scenario B of NR-U, RAN4 to adopt the following: 
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 NR-U 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 LBT;
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 LBT;
TPSCell_ DU is uncertainty in acquiring the first available PRACH occasion in the new cell and can be up to:       (1 + L3) * TSSB,RO + 10 ms where TSSB,RO is the SSB to PRACH occasion association period in TS 38.213 and L3 is the number of PRACH occasions that are unavailable for PRACH transmission due to LBT failure.
Trs is the DMTC periodicity of the target NR-U cell if the UE has been provided with an DMTC configuration for the target cell in PSCell addition message, otherwise Trs is the DMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided DMTC configuration or measurement object on this frequency, the requirement in this section is applied with a default TBD periodicity for DMTC. RAN4 to further discuss the default value after further progress in RAN1/2 groups.
The terms L1´, L2, and L3 and their corresponding max values L1,max´, L2,max , and L3,max are the same as those in the HO definition. 
PSCell addition/release interruptions
Scenario B EN-DC operation means inter-band EN-DC. As such the requirements in 7.32.2.1 of TS 36.133 shall apply for interruptions during addition/release of PSCell which means 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 PCell. 
Proposal 2. 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 PCell. 
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 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 is therefore 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). Also, 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). 
Hence, it is sufficient to modify the reference to section 9.3 in the existing definition of known PScell to the ones that will be defined for accuracy requirements of NR-U and maintain the remaining portions. 
Proposal 3. 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 X of TS 38.133 (inter-frequency accuracy measurements in NR-U)

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 X of TS 38.133 (inter-frequency accuracy measurements in NR-U)
Conclusions
Proposal 1. For PSCell addition delay in Scenario B of NR-U, RAN4 to adopt the following: 
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 NR-U 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 LBT;
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 LBT;
TPSCell_ DU is uncertainty in acquiring the first available PRACH occasion in the new cell and can be up to:       (1 + L3) * TSSB,RO + 10 ms where TSSB,RO is the SSB to PRACH occasion association period in TS 38.213 and L3 is the number of PRACH occasions that are unavailable for PRACH transmission due to LBT failure.
Trs is the DMTC periodicity of the target NR-U cell if the UE has been provided with an DMTC configuration for the target cell in PSCell addition message, otherwise Trs is the DMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided DMTC configuration or measurement object on this frequency, the requirement in this section is applied with a default TBD periodicity for DMTC. RAN4 to further discuss the default value after further progress in RAN1/2 groups.
The terms L1´, L2, and L3 and their corresponding max values L1,max´, L2,max , and L3,max are the same as those in the HO definition. 
Proposal 2. 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 PCell. 
Proposal 3. 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 X of TS 38.133 (inter-frequency accuracy measurements in NR-U)

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 X of TS 38.133 (inter-frequency accuracy measurements in NR-U)
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