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1 Introduction
RAN1 has agreed on some elements of a framework for RSSI measurements and included the details in an LS to RAN2[1]. RSSI measurements are used for estimating load on a (LAA) carrier. In this contribution we continue the work to define RSSI measurement procedures.
2 Discussion

Review of RSSI Measurement Framework

Below are the parameters that have been agreed upon:
1. L1 Averaging duration of UE reported RSSI measurement (“L1 averaging duration”)

· Value range: 1, 70 OFDM symbols

2. Measurement duration of UE reported RSSI measurement (“Measurement duration”)

· Value range: 1, 70 L1 averaging durations; other values FFS

3. Periodicity of UE reported RSSI measurement duration (“Measurement periodicity”)

· Value range (in ms) FFS

· FFS whether/how to support UE flexibility for measurement timing

4. Subframe offset for UE reported RSSI measurement duration (“Measurement subframe offset”)
· Value range 0 – max measurement periodicity
· FFS whether/how to support UE flexibility for measurement timing

5. FFS: OFDM symbol offset (“Measurement symbol offset”)
· Value range (if agreed to have) 0 – 13

6. FFS: Additional CSI-RS configuration in same subframe as DRS
Figure 1 shows how the parameters described above are used for performing RSSI measurements. Individual L1 measurements are performed during L1 Averaging durations. Several such individual L1 measurements (depending on the measurement duration) are averaged to obtain one Averaged L1 measurement. The measurement subframe offset and the measurement symbol offset are used to precisely define the times at which the UE performs measurements

The averaged L1 measurement is provided to higher layers. It is assumed that higher layers perform layer 3 averaging over a L3 averaging duration. The L3 averaged value is reported to the network and is used as the basis for performing resource management decisions (such as carrier selection).
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Figure 1: RSSI Measurement framework
The framework above is leaning toward a design in which the times at which the UE performs measurements is very strictly controlled. This is very different from the existing LTE measurement framework. Today, for RSRP/RSRQ measurements on a serving carrier, the UE has full flexibility to pick the measurement times, while ensuring that the performance requirements specified in [2]are met. For RSRP/RSRQ measurements on a non-serving carrier (requiring measurement gaps), the UE can select the measurement times anywhere within the measurement gap. 

The reason for strict control of the UE’s measurement timing is so that the network can know when the UE performed the measurements. However, the benefits of such strict control of measurement timing have not been studied in detail.

Below we consider the effectiveness of the framework described above in estimating the carrier load.
Simulation Results
In order to analyse the impact of periodic signals on RSSI measurements, we consider the following scenario where a UE performs measurements on two LAA carriers. UE is configured with 5 ms measurement gaps
 with a 40 ms periodicity. Based on the measurements reported by the UE, the network can select the carrier with lower reported RSSI to configure as a LAA-SCell. Both carriers have DRS transmissions with the same periodicity. The first carrier has a relatively high load (frequent packets) and the second carrier has a low load (no packets). Specifically, for the first carrier we assume that the traffic burst duration is 1 second and bursts arrive according to a Poisson distribution with a mean inter-arrival time of 2 seconds. The desired outcome in this scenario is clearly to select the second carrier. 

We assume that both carriers have DRS transmissions (e.g. of another LAA network). Further, we assume that for the second carrier (i.e., the low load carrier) the chosen measurement subframe offset and the measurement symbol offset result in the measurement duration overlapping with DRS transmissions. For the first carrier (i.e., the high load carrier) we assume that the chosen measurement subframe offset and the measurement symbol offset result in the measurement duration not overlapping with DRS transmissions. In other words, the measurements on the first carrier do not overlap the DRS transmissions and the measurements on the second carrier overlap the DRS transmissions. 

A Monte Carlo simulation was performed to determine how often the UE measures a lower RSSI for the first carrier (i.e., the carrier with the higher load). The results are summarized in Table 1 and Table 2 below.

We compare the following measurement configurations:

For the results in Table 1

· L1 Averaging duration = 1 symbol

· Measurement duration = 1 L1 averaging duration (1 symbol), or 70 L1 averaging durations (5 ms)
· L3 Averaging duration = 160 ms

· The measurement duration is strictly periodic with 40ms periodicity.
For the results in Table 2

· L1 Averaging duration = 1 symbol

· Measurement duration = 1 L1 averaging duration (1 symbol), 14 L1 averaging durations (1 ms)

· L3 Averaging duration = 160 ms

· The measurement duration starts at a randomly chosen time in the measurement gap.
Table 1
	Carrier 1: High load and DRS does not overlap measurement

Carrier 2: Low load and DRS overlaps measurement

L3 Averaging consists of averaging 4 L1 averaged measurements

	L1 Averaging duration = 1 symbol; Measurement duration = 1
	L1 Averaging duration = 1 symbol; Measurement duration = 70

	DRS periodicity
	Percent time high load carrier is selected due to lower RSSI
	DRS periodicity
	Percent time high load carrier is selected due to lower RSSI

	40 ms
	82%
	40 ms
	59%

	80 ms
	60%
	80 ms
	58%

	160 ms
	56%
	160 ms
	56%


Table 2
	Carrier 1: High load and DRS does not overlap measurement

Carrier 2: Low load and DRS overlaps measurement

The measurement duration starts at a randomly chosen time in the measurement gap

L3 Averaging consists of averaging 4 L1 averaged measurements

	L1 Averaging duration = 1 symbol; Measurement duration = 1
	L1 Averaging duration = 1 symbol; Measurement duration = 14

	DRS periodicity
	Percent time high load carrier is selected due to lower RSSI
	DRS periodicity
	Percent time high load carrier is selected due to lower RSSI

	40 ms
	34%
	40 ms
	39%

	80 ms
	21%
	80 ms
	25%

	160 ms
	11%
	160 ms
	14%


Discussion

As seen from the results in section 2.2, if the measurement duration is configured to be strictly periodic then RSSI measurements cannot be reliably used for carrier selection. In fact, for the simulated cases, if strictly periodic measurement duration is configured, and the measurement duration overlaps with a periodic transmission on the measured carrier, then the wrong carrier (i.e., carrier with low load) is reported with higher RSSI more than half of the time. This is case the case even when the periodic transmission is only 1ms long and the measurement duration is 5ms long. Since LAA UEs have to measure a large number of carriers, it is not very unlikely that a UE’s strictly periodic measurement duration pattern overlaps with a periodic transmission on at least some of the measured carriers. For example, if carriers have a DRS periodicity of 40ms, then assuming a 5ms measurement duration, there is 1 in 8 chance of overlap. 
On the other hand, As shown from the results in section 2.2 (e.g. for the 1ms random measurement duration within the measurement gap case), if the UE is allowed the flexibility to pick the measurement duration within the measurement gap, the possibility of picking the wrong carrier goes down considerably. This also avoids configuration of long measurement durations (such as 5ms).  
While the simulations in section 2.2 were focussed on inter-frequency measurements with measurement gap related restrictions, for intra-frequency measurements, the UEs typically can have even more flexibility in choosing the measurement duration. For example, for the intra-frequency case, the only requirements on RSSI measurements for channel selection can be, that the measurements should be made outside the DMTC configured for the UE (to avoid measuring the DRS on that carrier) and the measurements should be reasonably spread out.
3 Summary
In this document we studied the reliability of using strictly periodic RSSI measurement durations for carrier selection. From the results and analysis in section 2.2 and section 2.3, we observe that such measurements are unreliable for carrier selection. 
Given this, we propose the following updates to RSSI measurement framework.
· Proposal 1 – In addition to measurement duration of 1 (~70us) and 70 (5ms), the following measurement duration values should also be allowed
· 7 (0.5ms), 14 (1ms), 28(2ms)

·  Proposal 2 – The parameters “Periodicity of UE reported RSSI measurement duration” and “Subframe offset for UE reported RSSI measurement duration” should be made optionally configurable.

· When the parameters are not configured

· For inter-frequency measurements, UE should be allowed to flexibly choose a random starting offset for “RSSI measurement duration” within the measurement gaps configured to the UE.
· For intra-frequency measurements, UE should be allowed to flexibly choose a random starting offset for “RSSI measurement duration” outside the configured DMTC for the UE.
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� Actual measurement gap is 6ms duration but the UE is expected to use 5ms of the gap for measurements.
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