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1. Introduction
RAN2#NR-AH1807 has discussed RRM for NR-U and agreed on the following:
· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

In this contribution, we discuss the issue related to the first agreement that the gNB may not transmit reference signals due to failed LBT and how it can impact UE measurements.
2. Discussion
In NR licensed, the reference signal SSB is transmitted periodically. In addition, gNB can also transmit CSI-RS. For measurement, the UE assumes that any undetected signal is due to either propagation loss or interference. This is no longer true for NR-U since it is expected that there will be some sort of LBT for transmission of reference signals and thus the gNB may have to skip or delay the transmissions. 
The above will affect both RRM and RLM. Since RAN2 also agreed to take the NR licensed measurement framework as a baseline, we will assume the procedure in the NR current specification is also applicable here.

For the RRM case, the measurement samples are first collected at the physical layer and passed through an L1 filter. This filter is UE implementation dependent subject to RAN4 requirements. Then a filtered output is delivered to L3 layer which assumes a fixed sample rate (200ms for LTE non-DRX, FFS for NR) and performs the following filtering operation per 38.331:
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where

Mn is the latest received measurement result from the physical layer;

Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;

Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and

a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig;

For multi beam case, there is also a “beam-consolidation” part which takes into account only the good beams and performs linear averaging among them. The L3 filter output is then used as an input to the configured measurement for evaluation of reporting. This is illustrated below as captured in the current 38.300.
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The missing samples due to LBT can be handled at L1 and/or L3 layers. If it is done only at the L1 layer, the input can either be discarded or given a low value. However, this would be outside RAN2 scope and should be discussed in RAN4. 
For Idle mode measurements, there is no L3 filtering and the L1 filtering is again up to the UE implementation where the minimum requirements are captured in RAN4 specifications. Therefore, RAN2 can only focus on Connected mode.

Proposal 1: The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications and should be studied by RAN1/RAN4.
For Connected mode, the question is whether there should be any signaling from L1 to L3 layer to indicate that the measurement result provided is not useful because it has missing samples. Here we assume that the decision whether a sample is missing or not is up to UE implementation. The usefulness of such an indication is not clear. If L3 filter uses this sample like others, then there is obviously no benefit. If it is not used in the L3 filter, then it will skew the output since the output will only consider the good inputs and thus will cause erroneous reports. Therefore, no such indication is useful if the current L1/L3 filtering framework for measurement is used.
Observation 1: It will be up to the UE implementation to decide whether a measurement sample is missing due to LBT at physical layer.
Proposal 2: No indication from lower layers for the missing measurements due to LBT is needed assuming that existing L1/L3 filtering framework is adopted for NR-U.

The situation for RLM is also similar. The RLF relies on “in-sync” and "out-of-sync" indications from lower layers. The question is then again whether there should be an accompanying LBT indication along with “out-of-sync” events. However, not using an “out-of-sync” indication is not useful for RLF purposes and it is up to RAN1 not to deliver this if they decide to do so.
Proposal 3: No additional LBT related information from lower layers for “in-sync” and "out-of-sync" indications are needed for NR-U assuming that the NR RLM framework is adopted for NR-U.

However, if changes to the measurement framework are introduced due to new reference signal and channel access mechanisms, the benefit of LBT indication from lower layers can be further discussed.

Observation 2: LBT related information from lower layers can be discussed further if changes to the measurement and RLM framework are introduced.
3. Conclusion
In this contribution, we discussed missing measurement samples for RRM and RLM and propose the following:
Proposal 1: The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications and should be studied by RAN1/RAN4.
Observation 1: It will be up to the UE implementation to decide whether a measurement sample is missing due to LBT at physical layer.
Proposal 2: No indication from lower layers for the missing measurements due to LBT is needed assuming that existing L1/L3 filtering framework is adopted for NR-U.

Proposal 3: No additional LBT related information from lower layers for “in-sync” and "out-of-sync" indications are needed for NR-U assuming that the NR RLM framework is adopted for NR-U.
Observation 2: LBT related information from lower layers can be discussed further if changes to the measurement and RLM framework are introduced.
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