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In the previous meetings, the following agreements were made related to channel occupancy 
RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U
RSSI and CO measurement quantities can be reported with existing triggers as in LAA
The reporting for RSSI and Channel Occupancy (CO) for NR-U is an optional UE capability as in LTE LAA.

Also, during the SI phase, the following objectives were included [2]
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
In this contribution, we discuss mechanisms to implicitly indicate LBT failures to the network which helps in augmenting the results obtained from RSSI and channel occupancy when measuring channel interference.
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From the agreements made in the previous meetings, the received signal strength indicator (RSSI) and channel occupancy (CO) are the two quantities to be used as a measure for channel interference similar to the LTE LAA mechanism. However, as pointed out in [1], the combination of RSSI and CO does not give the complete information of the medium contention situation during the reporting interval because in its current definition, it only indicates the percentage of aggregated busy period. In addition, the metric does not differentiate between the idle samples due to no-transmission and due to LBT failures. However, for signals apart from the ones mandated to be transmitted during a particular time period, the differentiation would be difficult. Hence, the presence or absence of the reference signals presents a good scenario to differentiate between these idle samples. 
Unlike in LAA, where the UE has the option to communicate through the licensed carrier, for certain deployments for NR-U like in standalone (SA) it is imperative that the measurements reflect the interference accurately; since these measurements influence the handover decisions made at the network.
Observation 1: For NR-U SA deployments, it is imperative that the measurements reflect the channel interference accurately as they influence handover decisions
Implicit Indication of LBT Failures
In general, we consider the time period over which a certain number of samples were measured to be the implicit indication of LBT failures or the absence of reference signals. The time period could either be a one-bit, an early termination (ET) or an extension period (EP) indication that can be sent to the network in the measurement report (MR). The network using this indication, can derive the information of LBT failures (or absence of reference signals) augmenting the channel interference results obtained from RSSI and CO. In addition, since the transmission of the reference signals is based on a combination of Cat2 and Cat4 LBTs, the absence of these signals gives a good indication of the amount of interference in the channel. For NR-U SA synchronous deployments, it would be easy to derive the LBT failures as the network is aware of the reference signal transmission periods. For asynchronous deployments however, it would be a more elaborate procedure but with ANR it should be possible to derive the respective LBT failure locations.
Observation 2: The absence of the reference signals or LBT failures is a good indication of the amount of interference in the channel.
As explained in our companion contribution [3], configuring two types of measurement windows i.e., short or long can be used as the starting point to perform the types of implicit indication i.e., one-bit, ET or EP to the network about the LBT failures during RRM measurement. This in addition to the RSSI and CO measurements provides a better understanding of the channel interference. Ideally, the configuration of the short and long measurement window should be such that the short window should be able to check for the condition that the event holds for when there is no LBT failure and the long window for when there is LBT failure. Hence, depending on how much longer it took the UE to measure the required number of samples, the network can derive the respective LBT failures. 
One-bit Indication
[image: ]
Figure 1: DRS transmission from multiple cells with one-bit indication from the UE

In this option, by indicating the type of the interval i.e., short or long, the network can implicitly derive the respective LBT failures. The limitation of the one-bit indication is as shown in Figure 1 where, the network perceives the LBT failure characteristics from Cell 1 and Cell 3 to be the same. As a result, to derive a good indication of the LBT failures would be configuration dependent. 

Observation 3: A good indication of LBT failures using the one-bit indication would be dependent on network configuration.
Early Termination (ET) Indication
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Figure 2: DRS transmission from multiple cells with ET indication from the UE

In this option, the UE can be configured with a long measurement window, for example, long TTT (event-based) or a long report interval (periodic). However, if the UE was able to gather the required number of samples within a period less than the configured value, then the UE can include in the MR an ET indication with the corresponding time period. This option would overcome the limitation of the one-bit indication as the network can differentiate between the LBT failures of Cell 1 and Cell 3.      
Extension Period (EP) Indication
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Figure 3: DRS transmission from multiple cells with EP indication from the UE

In another option, the UE can be configured with a short measurement window, for example, short TTT (event-based) or a short report interval (periodic). In this case, if the UE was not able to gather the required number of samples within a period of the configured value, then the UE can choose to extend the measurement period and include in the MR an EP indication with the corresponding time period. The length of the extension can be limited to the length of the long measurement window configuration, for example, the long TTT or long report interval. This option would also overcome the limitation of the one-bit indication as the network can differentiate between the LBT failures of Cell 1 and Cell 3.

Proposal 1: RAN2 can discuss the two options for the implicit indication of LBT failures to assist the channel interference information obtained from CO and RSSI
1) Option 1: Early Termination (ET) time period indication
2) Option 2: Extension Period (EP) time period indication
Conclusion
Based on our analysis carried out in this contribution, we have the following observation:
Observation 1: For NR-U SA deployments, it is imperative that the measurements reflect the channel interference accurately as they influence handover decisions 
Observation 2: The absence of the reference signals or LBT failures is a good indication of the amount of interference in the channel.
Observation 3: A good indication of LBT failures using the one-bit indication would be heavily dependent on network configuration.
It is proposed to discuss and decide on the following
[bookmark: _GoBack]Proposal 1: RAN2 can discuss the two options for the implicit indication of LBT failures to assist the channel interference information obtained from CO and RSSI
1) Option 1: Early Termination (ET) time period indication
2) Option 2: Extension Period (EP) time period indication
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