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1
Introduction
The LAA WI [1] approved in RAN#68 contains the specification of UE support for carrier selection and RRM measurements. When talking about measurements for the UE, two different types of measurements have been discussed so far in 3GPP:

· LAA RSRP/RSRQ measurements

· UE-reported RSSI measurements on unlicensed carriers

In this contribution we summarize the outcome of the RAN1discussion on both types of measurements, and debate the potential RAN2 implications in terms of measurement configuration and Layer 3 filtering. 
2
LAA RSRP/RSRQ measurements
The important decisions on DRS design related to LAA RSRP/RSRQ measurements are included here for reference:

-
The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD

-
DRS occasion duration is 12 symbols

-
NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured

-
UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC

-
UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts

Furthermore, in a companion RAN1 contribution [2] we are suggesting to agree the following proposals:
-
LAA RSRP/RSRQ measurements shall be limited to the measured cell DRS occasion.
-
RSSI for LAA RSRQ measurements can be measured from all the OFDM symbols of the DRS occasion of the measured cell (i.e. symbol 0-11 of the subframe containing the LAA DRS).
Observation 1:  For LAA RSRP/RSRQ measurements, there is at maximum one L1 measurement/sample per DRS occasion (i.e. DMTC period). 
Observation 2: In some DRS occasions measurements may be missing due to LBT at the eNB blocking DRS transmission. This will cause the L1 filter to have varying input rate, which may affect how often L3 input samples are provided from physical layer.
Based on the RAN1 agreements on LAA RRM measurements, at the moment it makes sense to refer to “missed measurements” only for LAA RSRQ/RSPQ measurements. This is the key topic RAN2 is currently discussing (in e-mail discussion 91bis#08 on L3 filtering). We note that with current L3 filtering RRC doesn’t know how the L1 measurements are done, and in particular
· nothing is specified of how often L1 samples are provided to L3;
· the UE adapts the filter coefficient to adapt to variable L1 measurement sampling rate, e.g. during DRX;
· any sample provided by L1 is considered valid, and it is up to L1 to decide when to provide samples.
The adaptation of the L3 filter coefficient is already captured in 36.331: “adapt the filter such that the time characteristics of the filter are preserved at different input rates, observing that the filterCoefficient k assumes a sample rate equal to 200 ms”.
Observation 3: The current L3 filter already adapts to varying number of samples from L1

The problem stated during the discussion in RAN2#91bis is simple: If L1 provides no measurements, should UE still trigger measurement reports based on “old” L3-filtered value? One proposal has been to “reset” the L3 filter, i.e. invalidate the current L3 sample and start the L3 filtering from sample M0. This could be accomplished via a timer that is started whenever a L1 sample is provided for a cell, and whose expiry would trigger L3 filtered value for that cell to be reset. However, the benefits of such scheme to system performance are unclear.

Proposal 1: Unless performance benefits of L3 filter reset are shown, retain current L3 filtering for RSRP/RSRQ measurements for LAA (i.e. L3 filter automatically adapts to missing samples, without needing to know about “valid” L1 samples).
3
UE-reported RSSI measurements
UE-reported RSSI measurements used e.g. for carrier selection are power measurements that are not based on DRS transmission (i.e. they are independent of any DRS being present), and as such the associated measurement procedure is to be considered totally independent of LAA RSRP/RSRQ measurements. 

In RAN1 it was agreed that the eNB should configure the timing where the UE may perform RSSI measurements for carrier selection (offset, duration and periodicity of UE-reported RSSI measurement). Also, it was agreed that such timing configuration may be configured independently from the DMTC for LAA RSRP/RSRQ measurements. Agreements are summarized next:
· 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

· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:

-
Support a minimum duration of one OFDM symbol 

-
Support a maximum duration of 5ms
-
Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4).
-
A measurement gap duration (i.e. 6ms) may contain multiple measurement instances
In RAN1 discussions it is still open what the UE behaviour should be when a RSSI measurement instance overlaps with the transmission of the serving eNB. In our companion RAN1 contribution [2] we are proposing that the serving eNB LAA downlink activity is not influencing the UE measurement behaviour.
During RAN2#91bis, the following were decided concerning the RSSI measurements:

1:
Average RSSI over a L3 averaging window is a mean of all measurements from L1.

1a
Channel occupancy is calculated over the same L3 averaging window.

1b
UE always reports both Average RSSI and Channel occupancy together.

2
Timing configuration for average RSSI measurement and channel occupancy are the same.

3:
Average RSSI and channel occupancy measurement timing configuration is configured via RRC signalling. 

4:
Average RSSI and channel occupancy measurement timing configuration is configured per frequency (i.e. measurement object). Can be configured for serving and non-serving carriers.

5: 
The eNB configures, L1 duration, and L3 averaging window to determine RSSI measurement timing configuration. 

7:  Support periodic reporting with amount of reporting configurable by the eNB. 

FFS Details of the time domain pattern of the measurement durations (e.g. offset, periodicity, etc)

FFS Whether the channel occupancy is calculated on the same L1 samples used for average RSSI or whether more frequent L1 samples are used.

=> Single threshold for channel occupancy

Based on the agreements, we make the following observations for RSSI measurements: 
Observation 4a:  For UE-reported RSSI measurements, depending on the configured measurement parameters (i.e. L1 sample and averaging duration of UE-reported RSSI measurement), there can be zero, one or several L1 measurements/samples per measurement period (periodicity of UE-reported RSSI measurement).

Observation 4b:  In case RAN1 agrees on no restrictions to the UE-reported RSSI measurements based on serving eNB LAA downlink activity, there should be at least one L1 measurements/samples per measurement period.
Observation 5:  It is up to UE implementation on which OFDM symbols of the configured measurement duration (L1 averaging duration of UE-reported RSSI measurement) to perform UE-reported RSSI measurements - except potential restrictions (to be discussed and agreed in RAN1) to limit the measurements to those OFDM symbols with no transmission from the serving eNB.
Concerning how RSSI can be measured at L1, it should be noted that, since UE-reported RSSI measurements are not based on DRS transmission and as such are not impacted by LBT, UE can always measure RSSI even when there is no transmission from eNB. Also, RSSI is not per cell, but per carrier, unlike RSRP/RSRQ.
Observation 6: L3 filtering of RSSI measurements can always be done since L1 can always input a RSSI measurement sample when required.
UE-reported RSSI-based L3 measurements
What is not clear is how the “Average UE-reported RSSI” and “Channel occupancy” measurements are treated in RAN2: Since both are derived from L1-reported RSSI measurements, it is not clear where they should be defined – in RRC specification, or somewhere else? It seems that both of the measurements are treated as L3-filtered RSSI, so one approach would be to define them as different L3 filtering methods in RRC.

Proposal 2: Define “Average UE-reported RSSI” and “Channel occupancy” and L3-filtered UE-reported RSSI measurements.

This would also require defining the measurements in RRC specification. The current definitions for the measurements seem to be as follows:

· Average UE-reported RSSI corresponds to a mean value calculated over N RSSI samples, where N is the averaging window length configured via RRC.

· Channel occupancy corresponds to percentage of time that RSSI is above RSSI_threshold for the latest N samples, where RSSI_Threshold is a parameter configured via RRC and N is the same as for Average UE-reported RSSI
The following observations can be done immediately:

Observation 7: Average UE-reported RSSI uses FIR filtering (i.e. depends only on latest N samples), whereas current L3 filtering uses IIR filtering (i.e. depends on all previous samples).

Observation 8: The larger the N is, the less responsive average UE-reported RSSI is to instantaneous channel conditions.

Observation 9: The granularity of Channel occupancy measurement depends on N: the smaller the N is, the less granular the measurement is.
However, there are following open questions concerning these:

· How frequently does RRC evaluate the average UE-reported RSSI – is it expected RRC provides a L3-filtered sample every 200ms, or can a sample be provided also more frequently? (Both are possible with other L3-filtered measurements)

· This question is the same as asking whether the averaging over N samples done in a sliding window fashion or as a block window? With sliding window, there would be new L3-filtered value for every L1 sample, and with block window, there would only be a new sample at most every X ms, where X = T_RSSI_L1_meas_interval * N.
· What kind of RAN4 performance requirements needed for these UE-reported RSSI-based measurements?

· Is a traditional L3-filtered UE-reported RSSI also needed in addition to the Average UE-reported RSSI and Channel Occupancy?

Proposal 3: RAN2 to discuss the open issues for UE-reported RSSI measurements indicated above.
4
Conclusion

In this paper we have discussed the measurements on LAA carriers, and observed the following:
Observation 1:  For LAA RSRP/RSRQ measurements, there is at maximum one L1 measurement/sample per DRS occasion (i.e. DMTC period). 
Observation 2: In some DRS occasions measurements may be missing due to LBT at the eNB blocking DRS transmission. This will cause the L1 filter to have varying input rate, which may affect how often L3 input samples are provided from physical layer.

Observation 3: The current L3 filter already adapts to varying number of samples from L1

Observation 4a:  For UE-reported RSSI measurements, depending on the configured measurement parameters (i.e. L1 sample and averaging duration of UE-reported RSSI measurement), there can be zero, one or several L1 measurements/samples per measurement period (periodicity of UE-reported RSSI measurement).

Observation 4b:  In case RAN1 agrees on no restrictions to the UE-reported RSSI measurements based on serving eNB LAA downlink activity, there should be at least one L1 measurements/samples per measurement period.
Observation 5:  It is up to UE implementation on which OFDM symbols of the configured measurement duration (L1 averaging duration of UE-reported RSSI measurement) to perform UE-reported RSSI measurements - except potential restrictions (to be discussed and agreed in RAN1) to limit the measurements to those OFDM symbols with no transmission from the serving eNB.
Observation 6: L3 filtering of RSSI measurements can always be done since L1 can always input a RSSI measurement sample when required.
Observation 7: Average UE-reported RSSI uses FIR filtering (i.e. depends only on latest N samples), whereas current L3 filtering uses IIR filtering (i.e. depends on all previous samples).

Observation 8: The larger the N is, the less responsive average UE-reported RSSI is to instantaneous channel conditions.

Observation 9: The granularity of Channel occupancy measurement depends on N: the smaller the N is, the less granular the measurement is.

Based on these, we propose the following:

Proposal 1: Unless performance benefits of L3 filter reset are shown, retain current L3 filtering for RSRP/RSRQ measurements for LAA (i.e. L3 filter automatically adapts to missing samples, without needing to know about “valid” L1 samples).
Proposal 2: Define “Average UE-reported RSSI” and “Channel occupancy” and L3-filtered UE-reported RSSI measurements.

Proposal 3: RAN2 to discuss the open issues for UE-reported RSSI measurements indicated below:

· How frequently does RRC evaluate the average UE-reported RSSI – is it expected RRC provides a L3-filtered sample every 200ms, or can a sample be provided also more frequently? 

· What kind of RAN4 performance requirements needed for these UE-reported RSSI-based measurements?

· Is a traditional L3-filtered UE-reported RSSI also needed in addition to the Average UE-reported RSSI and Channel Occupancy?
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