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1 Introduction
In the last RAN4 meeting, there was a wide initial discussion about RSSI measurements in LAA. Because some issues about RSSI are still open in RAN1 and RAN2, RAN4 could not proceed with defining simulation assumptions for RSSI. In this paper we list the issues that are still open in different working groups and present our company view about some of the open issues.
2 Discussion
When discussing RSSI in LAA, it needs to be noted that RSSI in LAA is different from Rel-12 RSSI. UE-reported RSSI measurements, used e.g. for carrier selection or hidden node detection, are power measurements that are not depending on DRS transmission being present. In other words, RSSI measurements are independent of DRS or any eNodeB transmission being present. 
Below we have gathered all the LAA RSSI agreements and FFS points from RAN1 and RAN2 work.

RAN1 agreements

Agreements [1]
· 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
Agreements [1]
· 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

· FFS: UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell
· FFS: Intermediate averaging granularity values
RAN2 agreements

Agreements [2]
1
A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window.

4
Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA
Agreements [3]
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.

Agreements (L3 filtering) [3]
=>
The UE adapts the filter coefficient to adapt to missed measurements (no additional configurable parameters provided for this)

=>
FFS: UE resets the filter when it was last updated more than a configurable time ago.

Summarized, the open issues on RSSI that still need to be agreed are:

· RAN1:

· How the RSSI is measured: from all OFDM symbols of the measurement duration, or only from subframes containing reference signals?
· Averaging granularity

· Possible additional RSSI measurement gap

· UE behaviour when a RSSI measurement instance overlaps with serving cell transmission

· RAN2:

· Time domain pattern of the measurement durations

· L3 filtering

· RAN4:

· L1 filtering for averaging RSSI samples

· RSSI measurement accuracy

The other open issues depend on other working groups, but L1 filtering - i.e. the amount of RSSI samples to be averaged – and RSSI measurement accuracy requirements are on RAN4 to decide. Simulations are needed for this purpose. However, discussions are needed about measurement duration of RSSI measurements and about the OFDM symbols to be measured, before RAN4 can agree on simulation assumptions.
Observation 1: Agreements about the time domain pattern and instances when RSSI is measured are needed before RAN4 can define simulation assumptions for RSSI measurements.

Observation 2: Suitable L1 filtering can be agreed based on RSSI simulation results.
Below we discuss our view about few of the RAN1/RAN2 FFS issues.
RAN1 has discussed two different types of RSSI measurements in LAA:

· RSSI measurements for RSRQ

· UE reporting RSSI measurements on unlicensed carriers

Our view, which is also presented in [4], is that RSSI for LAA RSRQ can be measured from all OFDM symbols of the DRS occasion of the measured cell (i.e. symbol 0-11 of the subframe containing the LAA DRS). 
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 view here is not to make any special case and we are proposing the following in [4]:
· UE reporting RSSI is measured by the UE according to the configured detailed measurement. Serving eNBs LAA DL activity is not influencing the UE measurement behaviour and therefore no additional measurement restrictions are to be specified.
Based on the agreements made above, we have made the following observations:

· For UE-reported RSSI measurements, there can be zero, one or several L1 measurements/samples per measurement period (periodicity of UE-reported RSSI measurement).
· 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.
· It is up to UE implementation on which OFDM symbols of the configured measurement duration 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.
· UE can always measure RSSI even when there is no transmission from eNB.)
There has been discussions on whether to perform L1 averaging for RSSI measurements or whether only L3 filter (network configurable) is applied. Related to this discussion we have the following observations:

· 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).

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

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

These open issues are under discussion in RAN2, while L1 filter is for RAN4 to discuss.
After the key RSSI issues concerning have been agreed in RAN1 and RAN2, RAN4 can proceed with defining the simulation assumptions. Based on the simulation results RAN4 can then make agreements about possible L1 filtering and measurement accuracy requirements.
Based on the discussion and observations above, we propose the following:

Proposal 1: Use existing RSSI for RSRQ measurements.

Proposal 2: RAN1 should agree on a new RSSI definition for UE reported RSSI, before simulation assumptions can be fully agreed in RAN4.

Proposal 3: RAN4 should define possible L1 filter for RSSI – if needed – based on simulation results. 

4 Conclusion

In this paper we have listed the agreements and open issues about UE reported RSSI. We have also presented our company view about some of the open issues. From RAN4 side we have observed the following:
Observation 1: Agreements about the time domain pattern and instances when RSSI is measured are needed before RAN4 can define simulation assumptions for RSSI measurements.

Observation 2: Suitable L1 filtering can be agreed based on RSSI simulation results.

Based on these observations and the discussion in the paper we have further proposed the following:

Proposal 1: Use existing RSSI for RSRQ measurements.

Proposal 2: RAN1 should agree on a new RSSI definition for UE reported RSSI, before simulation assumptions can be fully agreed in RAN4.

Proposal 3: RAN4 should define possible L1 filter for RSSI – if needed – based on simulation results. 
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