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Introduction
3GPP has started discussing NR based access to unlicensed spectrum (NR-U) [1]. NR-U standard will allow UE and gNB to access unlicensed spectrum with a NR based standard. While trying to access the spectrum, the UE and gNB may need to back off to meet listen-before-talk (LBT) requirements [1, 2]. Current RRM requirements, as defined in 38.133 [3], are defined for licensed spectrum and do not consider the scenarios of unlicensed spectrum. This contribution focuses on some aspects of UL RRM in NR-U, e.g., handover delay.
Handover delay requirements of Rel-15
Without loss of generality, let us focus on NR FR1 – NR FR1 handover. The handover delay is defined as the following in 38.133 [3]:
“When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command” 
Where:
Dhandover equals the maximum RRC procedure delay to be defined in clause12 in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.2.2.”
“The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.”
The interruption time shall be less than Tinterrupt, where,
	Tinterrupt = Tsearch + TIU + 20+ T∆ ms”  	(1)
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. T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.  TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Trs is the SMTC periodicity of the target NR cell.
The above definition assumes that the cells are transmitting synchronization signals and receiving PRACH signals with a fixed periodicity. This assumption is applicable in licensed networks.
Observation 1: Current definition of interruption time during handover, as mentioned in 38.133, is only applicable for licensed networks.
Backoff due to LBT in Unlicensed Spectrum
During the last RAN1 meeting, following was agreed [2]
	Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy.



[bookmark: _Hlk4085658]The above agreement suggests that gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. Similarly, UE may have to back off before transmitting PRACH signals to meet LBT requirement. Hence, the current definitions of interruption time during handover need to be modified to be applicable for NR-U networks.
Observation 2:  In NR-U networks, gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. Similarly, UE may have to back off before transmitting PRACH signals to meet LBT requirement.
Observation 3: The current definitions of interruption time during handover, as mentioned in 38.133, need to be modified to be applicable for NR-U networks.
We now look at how LTE defined measurement period in license assisted access to unlicensed spectrum, where nodes may also have to back off to meet LBT requirements, to find how the interruption time equation can be modified.
Measurement Period in LTE License Assisted Access Networks
In LTE LAA, “ when no DRX is in use, the UE shall be able to identify a new detectable cell FS3intra-frequency cell within Tidentify_intra_FS3, where
Tidentify_intra_FS3 = Tdetect intra_FS3 + Tmeasure_intra_FS3_CRS, “ [4]
In [4], Tdetect intra_FS3 and Tmeasure_intra_FS3_CRS denote the intra-frequency period for cell detection and measurement respectivity. They are defined as (X + L) * TDMTC periodicity and (Y + M) * TDMTC periodicity where,
· the value of X and Y depend on SINR and are mentioned in [4]; 
· TDMTC periodicity is the discovery signal measurement timing configuration periodicity of higher layer  
· L is the number of configured discovery signal occasions which are not available during Tdetect intra_FS3 for cell detection at the UE due to the absence of the necessary of radio signals,
· M is the number of configured discovery signal occasions which are not available during Tmeasure_intra_FS3_CRS for the measurements at the UE due to the absence of the necessary radio signals.
The concept of the above equation can act as a guideline to modify the definition of interruption time during handover in NR-U networks. 
Observation 4: In LTE LAA networks, identification period of discovery reference signals is a function of the number of times the configured discovery signal occasions are not available during cell detection and measurement.
Interruption Uncertainty during Handover in NR-U Networks
There can be two approaches to define the interruption uncertainty during handover in NR-U networks. First, interruption uncertainty can depend on the number of times the configured discovery signal occasions are not available during cell detection and measurement and the number of times the UE has to skip PRACH transmission to meet LBT requirements. Second, existing Rel-15 requirements for interruption uncertainty apply subject to the passing of all listen before talk cases during the period. Otherwise, longer interruption uncertainty is expected.
Observation 5: RAN4 needs to select one of the following two options to define the interruption uncertainty during handover in NR-U networks.
1. Interruption uncertainty can depend on the number of times the configured discovery signal occasions are not available during cell detection and measurement and the number of times the UE has to skip PRACH transmission to meet LBT requirements.
2. Existing Rel-15 requirements for interruption uncertainty apply subject to the passing of all listen before talk cases during the period. Otherwise, longer interruption uncertainty is expected.
The 2nd option is too relaxed. Hence, we propose to adopt the first option.
Proposal 1: RAN4 defines the interruption uncertainty during NR FR1 – NR FR1 handover in NR-U through the following equation:
Tinterrupt = Tsearch + TIU + 40 +  ms
where 
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’ denote the number of DMTC periods where no DRS is available during the intra-freq and inter-freq detection period respectively.
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 DMTC periods where the corresponding DRS is unavailable during the time tracking period.
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 SSB-RO association periods that are unavailable during PRACH transmission.
Trs is the DMTC periodicity of the target NR cell if the UE has been provided with an DMTC configuration for the target cell in the handover command, otherwise Trs is the DMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.
Network knows the number of times the target cell could not transmit SSB due to LBT related backoff. However, network cannot know the number of times the UE could not transmit PRACH due to LBT. If UE fails to transmit contention free RACH many times due to LBT related backoff, handover delay can become very high. Network will not be able to differentiate this scenario from the case a transmitted PRACH sequence does not get detected by the network.
Hence, RAN4 can consider if the RACH latency during handover should be bounded to a maximum value. If network has configured UE with a contention free PRACH preamble but has not received UE’s Msg1 transmission within the maximum value, network can configure that PRACH preamble to another UE.
Observation 6: Network cannot differentiate between the skipping of RACH transmission due to LBT related backoff and an unsuccessful PRACH transmission.
Proposal 2: RAN4 bounds the detection period, time tracking period and interruption uncertainty acquiring the first available PRACH occasion to maximum values.

Conclusion
Observation 1: Current definition of interruption time during handover, as mentioned in 38.133, is only applicable for licensed networks.
Observation 2:  In NR-U networks, gNB may have to back off before transmitting discovery reference signals to meet LBT requirement. Similarly, UE may have to back off before transmitting PRACH signals to meet LBT requirement.
Observation 3: The current definitions of interruption time during handover, as mentioned in 38.133, need to be modified to be applicable for NR-U networks.
Observation 4: In LTE LAA networks, identification period of discovery reference signals is a function of the number of times the configured discovery signal occasions are not available during cell detection and measurement.
Observation 5: RAN4 needs to select one of the following two options to define the interruption uncertainty during handover in NR-U networks.
1. Interruption uncertainty can depend on the number of times the configured discovery signal occasions are not available during cell detection and measurement and the number of times the UE has to skip PRACH transmission to meet LBT requirements.
2. Existing Rel-15 requirements for interruption uncertainty apply subject to the passing of all listen before talk cases during the period. Otherwise, longer interruption uncertainty is expected.
Proposal 1: RAN4 defines the interruption uncertainty during NR FR1 – NR FR1 handover in NR-U through the following equation:
Tinterrupt = Tsearch + TIU + 40 +  ms
where 
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’ denote the number of DMTC periods where no DRS is available during the intra-freq and inter-freq detection period respectively.
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 DMTC periods where the corresponding DRS is unavailable during the time tracking period.
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 SSB-RO association periods that are unavailable during PRACH transmission.
Trs is the DMTC periodicity of the target NR cell if the UE has been provided with an DMTC configuration for the target cell in the handover command, otherwise Trs is the DMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.
Observation 6: Network cannot differentiate between the skipping of RACH transmission due to LBT related backoff and an unsuccessful PRACH transmission.
Proposal 2: RAN4 bounds the detection period, time tracking period and interruption uncertainty acquiring the first available PRACH occasion to maximum values.
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