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1 Introduction
In the last RAN2 #91 meeting, RAN2 agreed to introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA. 
In this document, we discuss some remaining issues to define RSSI measurement reporting. 
2 RAN1 agreement  
The below is RAN1 agreement regarding RSSI measurement. 

	Agreements:
· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE

· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 

· The RSSI measurement timing configuration may be independently configured from the DMTC
· Note that RSSI is different from the existing RSSI

· FFS averaging granularity

· FFS additional RSSI measurement gap


The RSSI should be measured in certain subframes which are indicated by the eNB. This is mainly to enable the eNB to compare the eNB measurement results and the UE measurement results to detect hidden node. If the measurement period in the eNB and the UE were different, the eNB cannot know whether the different measurement results between the eNB and the UE is due to hidden node or different channel situation.

In addition, it is worthwhile to note that RSSI measurement for reporting is different from RSSI measurement used to calculate RSRQ. However, the exact definition of RSSI measurement can be left to RAN1.  
3 Remaining issues

3.1 Average RSSI 
The definition of average RSSI need to be further clarified because there are two options to get average RSSI. 
· Option 1: RRC layer averages RSSI samples over measurement window. 
· Option 2: RRC layers applies L3 filtering to RSSI samples. 
There is no big difference between option 1 and option 2 in terms of RRM performance point of view. If we follow the existing RRM procedure, option 2 is more preferred. 

 Proposal 1: average RSSI means L3 filtered RSSI value. 
3.2 RSSI measurement timing configuration
Although RAN1 doesn’t decide the detailed signaling, it would be reasonable to assume that the RSSI measurement timing configuration is configured with RRC signaling along with measurement configuration. A dynamic signaling e.g based on PHY signaling or MAC signlaing would cause big signaling overhead considering measurement should be performed in regular manner including both serving cell and neighboring cells. 
Proposal 2: RSSI measurement timing configuration is configured via RRC signaling. 
Since RSSI measurement is performed on a frequency, one measurement timing configuration should be enough per measurement object.  RAN1 agreed that the RSSI measurement timing configuration may be independently configured from the DMTC. It is to measure RSSI out of desired signal to distinguish desired signal in DMTC from the interference level that the UE receives. 
Proposal 3: RSSI measurement timing configuration is configured per frequency (i.e. measurement object).

Similar to DMTC configuration, periodicity, duration and offset can be used to define exact timing location for RSSI measurement. In case of inter-frequency measurement with measurement gap, the RSSI measurement timing configuration should be aligned with measurement gap pattern. 
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Furthermore, measurement window should be also defined to know how long measurement is performed for the reported results. In case of periodic reporting, the measurement window can be the same as reporting interval. However, in case of event triggered reporting or one-shot reporting (reportAmount=1), it is necessary to indicate the exact measurement window so that the UE can exactly know how long the measurement should be performed. Channel occupancy should be measured in each measurement window. 

Proposal 4: the eNB configures periodicity, duration, offset and measurement window to determine RSSI measurement timing configuration. 

3.3 L3 filtering
It is our understanding that the channel occupancy is to provide the time ratio that RSSI is larger than threshold. Therefore, it is reasonable that each RSSI measurement sample provided from the physical layer should be evaluated without filtering. The accumulated results after L3 filter cannot reflect exactly the instantaneous channel situation in each time. On the other hand, for the average RSSI measurement result, the same L3 filtering can be applied as proposed in Section 3.1. 

Proposal 5: L3 filtering should not be applied for RSSI value in measuring channel occupancy.  
3.4 RSSI threshold
In the last RAN2 meeting, it was FFS whether the multiple thresholds can be supported in reporting channel occupancy.  
The channel occupancy will be useful to provide channel availability although the average RSSI value is larger than a certain threshold. For example, as shown in Figure 2, the average RSSI value is same in channel #1 and channel 2. However, in channel #1, there is some portion of having lower RSSI value than the threshold, while in channel #2, RSSI is larger than the threshold during a whole time. In Case 1, the channel can be still useful as long as LBT works, while the channel is not available at all in Case 2 since the channel will be declared to be busy  all the time.
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Figure 1: Example of having different interference variance

Based on the above use case, one threshold should be enough to indicate the channel occupancy. Although the multiple thresholds can provide more detailed information, it is not clear if it is really helpful in carrier selection in conjunction of LBT operation considering the additional cost i.e. specification/UE implementation complexity. 
Proposal 6: one threshold is configured for channel occupancy reporting.   

3.5 Event triggered reporting
It is possible to support periodic reporting for RSSI measurement reporting without any modification in the measurement reporting configuration. 
Event triggered reporting is still beneficial when the eNB may change unlicensed carriers more frequently based on interference situation. Furthermore, periodic reporting is simple but it would come with signaling overhead. Therefore, event triggered reporting should be also supported for RSSI measurement reporting. 

Proposal 7: event triggered reporting as well as periodic reporting are supported for RSSI reporting.

New event triggered conditions should be defined because RSSI measurement is different from RSRP and RSRQ which is measured per cell. The following 4 events can be defined:
1. Event D1: RSSI/channel occupancy is larger than threshold
2. Event D2: RSSI/channel occupancy is lower than threshold

Proposal 8: new event D1/D2 should be defined above for RSSI measurement reporting.
4 Conclusion
In this document, we discussed the remaining issues to define RSSI measurement reporting. Based on Section 2 &3, we propose the following points. 
Proposal 1: average RSSI means L3 filtered RSSI value. 
Proposal 2: RSSI measurement timing configuration is configured via RRC signaling. 
Proposal 3: RSSI measurement timing configuration is configured per frequency (i.e. measurement object).

Proposal 4: the eNB configures periodicity, duration, offset and measurement window to determine RSSI measurement timing configuration. 

Proposal 5: L3 filtering should not be applied for RSSI value in measuring channel occupancy.  

Proposal 6: one threshold is configured for channel occupancy reporting.   

Proposal 7: event triggered reporting as well as periodic reporting are supported for RSSI reporting.

Proposal 8: new event D1/D2 should be defined above for RSSI measurement reporting.
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