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1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. The outcome of the study is captured in [2]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks.  In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [3]. In this contribution, we discuss UE support for RSSI measurements.
2 LAA RSSI Measurements
Channel selection for LAA is very important for co-existence with other RATs such as WiFi. For example, LAA should try to avoid frequencies that are more congested with WiFi APs/STAs. RRM measurements are critical for this purpose, and specifically RSSI measurements. For example, in the legacy LTE system, RSRP, RSSI and RSRQ are specified and only RSRP and RSRQ can be reported to eNB by a UE. RSSI can serve as a metric for interference and it is possible to infer RSSI from RSRP and RSRQ reports. However, if the DRS is not transmitted by the eNB on a carrier, RSRP and RSRQ reports would not be available.
In addition, the LAA SI TR mentioned the use of RSSI measurements for addressing hidden node scenarios:
For the purpose of detecting hidden node in channel selection, UE reporting of RSSI measurements to the eNB is considered useful. The eNB indicates which carriers(s) the UE should report RSSI for. Further details of the RSSI measurement reporting can be defined when standards are to be developed.
2.1 RSSI measurement simulations
This section presents simulation results showing the variation of RSSI over different time-scales and measurement granularity for high and load DL+UL WiFi traffic. In these simulations, only WiFi traffic is simulated to mimic the situation observed during initial channel selection before the LAA cell begins to occupy the channel. Details of the simulation assumptions can be found in the appendix.
2.1.1. Load determination

Figure 1 provides the RSSI observed at a typical UE over 2 seconds, with three different measurement averaging granularities or Measurement Time Unit (MTU) : 1ms, 4ms, and 10ms, for a low-load scenario.
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Figure 1. UE reported RSSI measurement for a low-load DL+UL WiFi traffic scenario with 1ms(black), 4ms(blue), 10ms(red) MTU sizes
Figure 2 provides the RSSI observed at a typical UE over 2 seconds, with three different MTU sizes: 1ms, 4ms, and 10ms, for a high-load scenario.
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Figure 2. UE reported RSSI measurement for a high-load DL+UL WiFi traffic scenario with 1ms(black), 4ms(blue), 10ms(red) MTU sizes
It can be observed from the figures that the MTU size has a significant influence in capturing the rapid fluctuation of the RSSI, due to the bursty nature of the traffic model, especially at high traffic load. While the 1ms averaging tracks the ‘ideal’ RSSI the most accurately, the 4ms and 10ms averaging appears to have sufficient fidelity for estimating the overall load of the carrier over a long-term period like one second. It should be noted that the maximum TxOP is limited to 4ms in these simulations, so it can be considered that the granularity of the RSSI measurement averaging may be configurable based on the typical observed ON-duration and may be further studied by RAN4.
2.1.2. Hidden node detection
In this section we show simulation results showing the statistics of the difference between a UE’s RSSI measurements and its serving eNB at the same time instance, again as a function of measurement reporting period and granularity. A large difference in the UE reported RSSI compared to the eNB measured value can be used for hidden node detection as described in [4].
Figure 3 plots delta RSSI = UE RSSI – eNB RSSI over 1 second, with 4ms MTU sizes for a high-load scenario.
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Figure 3. Difference between UE and eNB reported RSSI measurement for a high-load DL+UL WiFi traffic scenario with 4ms MTU sizes
Again, the measurement granularity and period influence the utility of the measurements. In Figure 4, the CDF of the delta RSSI is plotted for 20UEs over 20 seconds in a high-load scenario. As expected the 1ms averaging tracks the variation of the UE and eNB measurements with greater accuracy, but even with 4ms and 10ms granularity approximately 1/3 of the reports differ by 10dBm or more.
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Figure 4. CDF of the delta UE-eNB RSSI measurement for a high-load DL+UL WiFi traffic scenario with 1ms(black), 4ms(blue), 10ms(red) averaging
Observation 1: RSSI measurement granularity has a significant influence in capturing the rapid fluctuation of the RSSI, especially at high traffic load.

2.2 RSSI measurement definition
This section discusses the definition of RSSI measurement on an unlicensed carrier. The existing RSSI definition in 36.214 is provided below: 
E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement subframes, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes. If higher layers indicate all OFDM symbols for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of measurement subframes. If higher-layers indicate certain subframes for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of the indicated subframes.

If higher layers indicate measurements based on discovery signals, RSSI is measured from all OFDM symbols of the DL part of the subframes in the configured discovery signal occasions.
As observed in the previous aspects two key aspects which are important for RSSI measurement on an unlicensed carrier and differ from the legacy definition are the need for measurement restrictions and configurable measurement averaging granularity.
The measurement granularity, which defines the time/frequency resources comprising an RSSI measurement, should allow support for different possible maximum transmission period durations (e.g 4ms or 10ms). While the measurement bandwidth may be over the entire bandwidth over the indicated subframes, the number of subframes to be averaged in each RSSI measurement (e.g the MTU size), can be configured. 

The timing of the RSSI measurement is very important for assessing the load or hidden node detection. For example, the delta RSSI approach described in Sec. 2.1.2 can be dependent on the LBT state at the eNB during measurement. Figure 5 illustrates a UE impacted by a hidden node when the eNB is and is not transmitting.
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Figure 5. Hidden node scenario when eNB is (left) and is not (right) transmitting.
Assuming in Figure 5 the measured values of RSSI at the eNB and UE are similar (since the number of interfering APs with the same interfering power are the same), the UE will not be recognized to be in the hidden node scenario. However when the eNB is transmitting and blocking the nearby APs from transmitting due to LBT the interference from AP#4 can be easily detected by comparing the measurement reports. 

A RSSI measurement timing configuration (RMTC) should indicate which subframes should be considered for performing RSSI measurement. In order to provide flexibility to measure a variety of scenarios during or outside of DRS/DL transmission bursts, it seems desirable that the RMTC should be independently configured from the DMTC.

A final aspect is the measurement period duration, which may consist of periodic measurement “gaps” or a consecutive interval for RSSI measurements along with time information about when the measurements were made, which is necessary for hidden node detection [4]. Whether or not periodic measurements or a “one-shot” consecutive interval is configured, is under discussion in RAN2. The number of measurements to be reported in a given measurement duration may depend on multiple factors, including the desired latency of the measurement report and whether the RSSI measurements are being used for initial channel selection or hidden node detection periodically performed on an active LAA SCell.  
Observation 2: A RSSI measurement configuration should indicate the timing of the subframes for performing RSSI measurement along with the granularity used for averaging a single measurement. 
3 Conclusions
This contribution discussed design considerations for supporting UE RSSI measurement for LAA. The following observations were made:

Observation 1: RSSI measurement granularity has a significant influence in capturing the rapid fluctuation of the RSSI, especially at high traffic load.

Observation 2: It is beneficial for a RSSI measurement configuration to indicate the timing of the subframes for performing RSSI measurement along with the granularity used for averaging a single measurement. 

Based on the observations, the following is proposed:

Proposal 1: UE RSSI measurement for LAA should consist of full-bandwidth measurement on indicated subframes with a configurable measurement averaging duration.
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