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1 Introduction
In RAN4#97-e, the following was agreed [1] on LBT modelling for NR-U RRM tests:
· Differentiation between FBE and LBE:

Agreement: Further identify the set of requirements for which LBE and FBE test cases shall be differentiated.

· DL LBT model for LBE operation
FFS: RAN4 to discuss a DL LBT model for LBE channel access.

Options discussed in RAN4 97e:

Option 1: For LBE test cases in non DRX: RAN4 to adopt the following DL LBT model: 1) Define a probability equal to P1  for the transmission of the DRS in the first candidate position. 2) In case of LBT failure for transmission in the first candidate position, define a probability equal to P2 for the transmission in the second candidate position for a given SSB index.

•
FFS: the value of P1 and P2, or if P1 = P2.

•
FFS: how to treat the different UE behaviours in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case by case approach).

Option 2:  DL LBT model, in  LBE non-DRX test cases: adopt the DL LTE LBT modelling approach as baseline

•
FFS: The probability value, P, considered for the transmission of SSBs in different candidate positions

•
FFS: how to treat the different UE behaviours in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case by case approach).

Other options are not precluded.

· DL LBT model for FBE operation
FFS: RAN4 to discuss a DL LBT model for FBE channel access.

Options discussed in RAN4 97e:
Option 1: DL LBT model, in FBE non-DRX test cases: RAN4 to define a DL LBT model that considers a probability of P for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests.

· FFS: The probability value, P, for the transmission of SSBs

· FFS: how to treat the different UE behaviours in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case by case approach).

Option 2: DL LBT model, in FBE non-DRX test cases: adopt the DL LTE LBT modelling approach as baseline, considering the fact that there is only 1 candidate position. 

· FFS: The probability value, P, for the transmission of SSBs

· FFS: how to treat the different UE behaviours in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case by case approach).

Other options are not precluded.

· DL LBT model when DRX is in use
FFS: RAN4 to discuss the DL LBT model when DRX is in use after the definition of the model for non-DRX cases.
· UL LBT model
Agreement: RAN4 to discuss a methodology to test UL LBT failures in RRM tests.
FFS: Should RAN4 choose one typical test case to check this functionality?

•
Option 1: Yes, RAN4 can choose one typical test case to check this functionality.

•
Option 2: No, the UL LBT functionality should be tested in all requirements that depend on UL LBT failures.

•
Option 3: Companies are encouraged to bring a list of requirements that would be impacted by UL LBT failures, so that the group can decide how to test this functionality.
2 LBT Model for LAA/eLAA Test Cases in TS 36.133
In LTE LAA/eLAA tests, the test equipment first determines whether to transmit DRS during the DMTC window with a pre-defined and fixed probability P=0.75. Further, if the test equipment determines that it shall transmit DRS, then the timing of the DRS transmission within the DMTC window is randomly selected from the set of possible DRS transmission signal timings, such that there is an equal probability of any valid DRS timing.
3 CCA Model for NR-U
For NR-U, RAN4 needs to develop a model for testing UE requirements in unlicensed spectrum. In LTE LAA/eLAA, LBT failures in RRM tests are modelled by means of a fixed rate of transmission success (P=0.75 corresponding to 25% of LBT failure probability). 
· Observation 1: NR-U and LAA/eLAA have many similarities, but there are also some differences, including the terminology.

· Observation 2: For NR-U, a more flexible configuration is desired, to accommodate the demand for testing in various environments, to model LBE-like and FBE-like networks, DL CCA and UL CCA, to model consistent UL CCA failures, etc.

3.1 DL CCA
In NR-U, a UE in RRC_CONNECTED mode is configured with discovery burst transmission window for RRM measurements with the window length (discoveryBurst-WindowLength) of up to 5 ms.  Within this window, SSBs can shift to increase the number of transmission opportunities mitigating the failure to access the medium; to enable such SSB shift at least Q and discovery burst transmission window length need to be signaled to the UE. For non-congested channels, shifting is not strictly needed. The SSB periodicity is configurable, but for the initial access the UE assumes an SS/PBCH block periodicity of 20 ms and a SCS of 30 kHz.

· Proposal 1: For NR-U, define a parameter for CCA success probability, PCCA, to model the probability of successful attempt for acquiring the channel and transmitting the necessary signals.
· Proposal 2: CCA success probability PCCA is defined among cell-specific test parameters in each test cases (the access probability can be different at different BS locations).
· Proposal 3: The SSB shifting can be modelled by randomly selecting a candidate SSB location from the set of allowed candidate SSB locations. No need to model SSB shifting for non-congested channels.
· Proposal 4: The probability parameter PCCA is not a single fixed value in the specification; the value(s) are configured to a relevant setting in each test. 
· Proposal 5: The CCA model specifies possible values for PCCA. RAN4 to further discuss:
· Option 1: The CCA model specifies a continuous range of possible values (one or more specific values from the range are configured in each test), e.g., PCCA([0%, 100%]
· Option 2: The CCA model specifies a discrete set of possible values (one or more specific values from the set are chosen in each test).
A test is typically divided into two or more time periods, characterized by different configurations for at least one parameter. It is also proposed that the CCA model allows for a different probability configuration in different time periods during the test.
· Proposal 6: One probability value (per transmitter) applies at any time point during a test; one or more probability values can be configured in the entire test, one value PCCA,i per time interval Ti where i≥1 and the multiple time intervals (when i>1) do not overlap (e.g., PCCA=1.0 in T1 and PCCA=0.75 in T2).
3.1.1 Dynamic and semi-static channel access modes
The network and UE operation can be under a dynamic channel access mode (a.k.a. LBE) or semi-static channel access mode (a.k.a. FBE).

Each UE must indicate its respective capabilities to indicate which channel access mode the UE supports. The capabilities are per-band, and the indication is mandatory. The capabilities are separate for RRM (applicable for scenarios A/B/C) and RLM (applicable for scenarios B/C).
The network in turn also indicates the current channel occupancy (dynamic or semi-static) in SIB1 and ServingCellConfigCommon (for CA when SCell is being added), while for the semi-static case it further indicates the corresponding fixed frame period (any of 1 ms, 2 ms, 2.5 ms, 4 ms, 5 ms, and 10 ms). Depending on the network indication of the channel occupancy, the UE shall apply the corresponding channel access procedure specified in subclause 4.3 in TS 37.213. The network indication is mandatory if the cell operates with shared channel access.
· Proposal 7: In each test case, the following parameters shall be present in the tables:

· network indication of the channel occupancy in SIB1,

· UE capability for the channel access mode indicative of that the UE supports the network-indicated channel occupancy.

The semi-static channel access mode is characterized by a lower complexity for channel access due to lack of necessity to perform random backoff. In this case, the channel access is in unit of fixed frame periods (configured by the network) and ideally the access failure probability is approaching 0. gNBs acquire COT immediately prior to the fixed frame period. 
The dynamic channel access mode is more efficient in terms of resource utilization since there is no fixed overhead for idle time during a frame; however, the collisions are less predictable, and the access failure probability can be higher at a high load.
· Proposal 8: The configuration of the CCA model (e.g., parameter PCCA,i) in the test shall match the network-indicated channel occupancy in time interval Ti. during which the requirement is tested.
· Proposal 9: For the semi-static channel access, there is no need to configure SSB shift within the discovery burst transmission window.

· Proposal 10: At least at a low Es/Iot (e.g., Es/Iot<-6 dB), the probability of CCA success is higher for the semi-static channel occupancy compared to that for dynamic channel occupancy:
· PCCA,semi-static,i > PCCA,dynamic,I, when Es/Iot<X,
· PCCA,semi-static,i = PCCA,dynamic,I, when Es/Iot≥X,
where X=TBD (e.g., X=-6 dB).

Duplicating test cases for FBE and LBE modes for all requirements will result in high overhead in the specification. However, there can be no much different in test cases for FBE and LBE (e.g., the probability can be different), therefore it can be more convenient to have separate rows for FBE and LBE (will apply the one whichever is tested) in the same test case.
· Proposal 11: Test parameter values for FBE and LBE (e.g., signaling-related) are specified in the same test case (a note to clarify their applicability can be added, if needed). 
· Proposal 12: For PCCA, it is the actual value that matters, there is no need to call it “FBE” or “LBE”; if needed, multiple PCCA values can be specified in the same test.
3.2 UL CCA

The CCA procedure is used not only at gNBs (DL CCA) but also at the UE (UL CCA). For UL CCA, the modelling approach is based on a probability PCCA_UL,i of successful access during the corresponding time Ti of the time interval i. In the same time interval i, PCCA_UL,I and PCCA_DL,i can have different values.
Prior to each UL transmission burst within a time interval i of the test:

1. Generate a uniform random variable p from the range [0, 1].

2. If p<PCCA_UL,i, then the energy generated by the test system in the corresponding portion of UL slot is equal to or below the energy detection threshold [TBD]; otherwise the energy generated by the test system in the portion of UL slot is above the energy detection threshold [TBD].

· Proposal 13: For UL CCA, the modelling approach is based on a probability PCCA_UL,i of successful access during the corresponding time Ti of the time interval i.
· Proposal 14: In the same time interval i, PCCA_UL,I and PCCA_DL,i can have different values.
3.2.1 Consistent UL CCA failures

Some requirements are to be tested under consistent UL CCA failures. The consistent UL CCA failures can be modelled by a low CCA success probability, e.g., PCCA_UL,i=0% during some time interval Ti within the test.
· Proposal 15: Consistent UL CCA failures are modelled by means of a low PCCA_UL,i (e.g., 0%) during the relevant time interval Ti within the test.
4 Summary

The following have been proposed and observed in the current contribution:
· Observation 1: NR-U and LAA/eLAA have many similarities, but there are also some differences, including the terminology.

· Observation 2: For NR-U, a more flexible configuration is desired, to accommodate the demand for testing in various environments, to model LBE-like and FBE-like networks, DL CCA and UL CCA, to model consistent UL CCA failures, etc.

· Proposal 1: For NR-U, define a parameter for CCA success probability, PCCA, to model the probability of successful attempt for acquiring the channel and transmitting the necessary signals.
· Proposal 2: CCA success probability PCCA is defined among cell-specific test parameters in each test cases (the access probability can be different at different BS locations).
· Proposal 3: The SSB shifting can be modelled by randomly selecting a candidate SSB location from the set of allowed candidate SSB locations. No need to model SSB shifting for non-congested channels.
· Proposal 4: The probability parameter PCCA is not a single fixed value in the specification; the value(s) are configured to a relevant setting in each test. 

· Proposal 5: The CCA model specifies possible values for PCCA. RAN4 to further discuss:

· Option 1: The CCA model specifies a continuous range of possible values (one or more specific values from the range are configured in each test), e.g., PCCA([0%, 100%]

· Option 2: The CCA model specifies a discrete set of possible values (one or more specific values from the set are chosen in each test).

· Proposal 6: One probability value (per transmitter) applies at any time point during a test; one or more probability values can be configured in the entire test, one value PCCA,i per time interval Ti where i≥1 and the multiple time intervals (when i>1) do not overlap (e.g., PCCA=1.0 in T1 and PCCA=0.75 in T2).

· Proposal 7: In each test case, the following parameters shall be present in the tables:

· network indication of the channel occupancy in SIB1,

· UE capability for the channel access mode indicative of that the UE supports the network-indicated channel occupancy.

· Proposal 8: The configuration of the CCA model (e.g., parameter PCCA,i) in the test shall match the network-indicated channel occupancy in time interval Ti. during which the requirement is tested.

· Proposal 9: For the semi-static channel access, there is no need to configure SSB shift within the discovery burst transmission window.

· Proposal 10: At least at a low Es/Iot (e.g., Es/Iot<-6 dB), the probability of CCA success is higher for the semi-static channel occupancy compared to that for dynamic channel occupancy:

· PCCA,semi-static,i > PCCA,dynamic,I, when Es/Iot<X,

· PCCA,semi-static,i = PCCA,dynamic,I, when Es/Iot≥X,

where X=TBD (e.g., X=-6 dB).

· Proposal 11: Test parameter values for FBE and LBE (e.g., signaling-related) are specified in the same test case (a note to clarify their applicability can be added, if needed). 

· Proposal 12: For PCCA, it is the actual value that matters, there is no need to call it “FBE” or “LBE”; if needed, multiple PCCA values can be specified in the same test.

· Proposal 13: For UL CCA, the modelling approach is based on a probability PCCA_UL,i of successful access during the corresponding time Ti of the time interval i.

· Proposal 14: In the same time interval i, PCCA_UL,I and PCCA_DL,i can have different values.
· Proposal 15: Consistent UL CCA failures are modelled by means of a low PCCA_UL,i (e.g., 0%) during the relevant time interval Ti within the test.
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6 Annex: LBT Model in TS 36.133

A.3.17
Listen before talk model

A.3.17.1
Introduction

In some RRM test cases for FS3, a listen before talk (LBT) model is specified. The intention of the LBT model is to emulate using test equipment the behaviour of an FS3 eNB which performs channel measurement to check that the channel is clear prior to performing downlink transmission.

A.3.17.2
Definition

Prior to each DMTC window, the test equipment shall determine whether to transmit a discovery reference signal (DRS) during the DMTC window with probability P=0.75. In many cases the test requirement depends on the number of configured discovery signal occasions which are not available during the test, so the test equipment shall track how many DRS are not transmitted during the test period. If the test equipment determines that it shall transmit a DRS, then the timing of the DRS transmission within the DMTC window is randomly selected from the set of possible DRS transmission signal timings, such that there is an equal probability of any valid DRS timing.

For non DRS downlink transmission bursts, if transmission occurred in the previous subframe, transmission is muted for a duration of one subframe. Additionaly, if the start time of the candidate transmission burst is within 8 subframes of the start of the DMTC window, transmission is not performed. Otherwise

The length of the transmission burst in subframes is defined as N. The burst transmission format is determined according to the steps below:

1.
Select N randomly from a given set of the number of subframes S1={1,3,5,8} with equal probability as the total length of burst transmission format.

2.
A uniform random variable from 0 to 1 is generated. If the random variable is less than P=0.75, a burst of N fully occupied subframes is transmitted. Otherwise, the burst transmission is muted and the muting duration is the same as the number N of subframes for determined burst format.
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