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1. Introduction
UE is required to measure RSSI on LAA SCell according to RMTC (RSSI measurement timing configuration) configuration. For RSSI measurement, UE needs to meet the measurement accuracy requirement specified in 9.1.18.5.2 of TS 36.133. For channel occupancy test, UE is required to make correct channel occupancy reporting based on RSSI measurement for all OFDM symbols within RMTC duration. In this contribution, we provide our analysis on measurement variation in LAA RSSI measurement, which, in our view, was not properly considered when specifying RSSI measurement accuracy requirements and channel occupancy tests in Rel-13. Also, we provide our proposal on how RSSI measurement variation can be reflected in the specification.
2. Discussion
2.1. RSSI measurement accuracy requirement
For RSSI measurement accuracy, following requirement is specified in [1]. According to the recollection on RAN4 discussion in Rel-13, ±2.5dB was determined as RSSI measurement accuracy number since 2.5dB is RF calibration margin in existing RSRP measurement accuracy requirement. This implies that UE is required to measure exact RSSI in baseband, which may not be always true depending on the condition.
Table 9.1.18.5.2-1: Intra-frequency RSSI accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Io Note 1 range

	
	
	E-UTRA operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	(2.5
	(5.5
	FS3_G
	-118
	-50

	(4.5
	(7.5
	Note 2
	Note 2
	Note 2

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 3:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 4:
E-UTRA operating band groups are as defined in Section 3.5.


RSSI measurement accuracy in baseband depends on characteristic of input signal that UE measures RSSI on and number of samples that UE averages for RSSI measurement.  If LTE OCNG-like signal with high Es/Iot is used for RSSI measurement, UE’s RSSI measurement will be very accurate and number of averaged samples would have little impact on the overall accuracy. On the other hand, AWGN-like signal is used in RSSI measurement, there is inherent variation in RSSI measurement relative to ideal input power and the amount of variation will depend on the number input samples that was averaged in RSSI measurement. Figure 1 shows CDF of RSSI measurement error for AWGN input signal when UE measures RSSI over one OFDM symbol. We can observe that there is non-negligible variation in RSSI measurement error and the variation decreases as the number of averaged samples increases. 
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Figure 1. CDF of RSSI measurement error over 1 OFDM symbol for AWGN input signal 
Observation 1. For AWGN input signal, there is non-negligible variation in RSSI measurement error and the variation decreases as the number of averaged samples increases.

2.2. Correction on LAA RSSI measurement accuracy requirements

In LAA deployment on unlicensed spectrum, UE may observe various interference signal from different technologies in RSSI measurement. WiFi interference is supposed to be dominant interference since WiFi is widely deployed in 5GHz unlicensed spectrum. When LTE UE measures RSSI on WiFi interference, WiFi signal would look like AWGN signal since WiFi is using difference numerology than LTE. Therefore, it seems necessary to include some margin for RSSI measurement variation. 
For RSSI measurement, network configures RMTC that includes rmtc-Period-r13 and measDuration-r13 as specified in TS 36.331. UE is supposed to measure RSSI every rmtc-Period-r13 based on measurement duration of measDuration-r13. Since measDuration-r13 can be as short as OFDM symbol, minimum requirement for RSSI measurement accuracy should consider RSSI measurement over 1 OFDM symbol duration. According to simulation results in figure 1, 5%-tile measurement error is [-1.5dB, -1.03dB, -0.72dB, -0.51dB] and 95%-tile measurement error is [1.25dB, 0.91dB, 0.65dB, 0.48dB] for measurement with [27, 54, 108, 216] samples. It seems reasonable to consider 1dB additional margin for RSSI measurement accuracy measurement. 
Proposal 1. Relax RSSI measurement accuracy requirement from ±2.5dB to ±3.5dB by adding 1dB margin for RSSI measurement variation on AWGN-like signal. 
RMTC-Config-r13 ::=
CHOICE {


release







NULL,


setup







SEQUENCE {



rmtc-Period-r13




ENUMERATED {ms40, ms80, ms160, ms320, ms640},



rmtc-SubframeOffset-r13


INTEGER(0..639)




OPTIONAL, 

-- Need ON



measDuration-r13



ENUMERATED {sym1, sym14, sym28, sym42, sym70},



...


}

}

2.3. Correction on LAA channel occupancy test case

In channel occupancy test specified in A.9.12 of 36.133, UE is required to provide channel occupancy reporting under following test set up. 
· RMTC configuration

· measDuration-r13: sym14 (14 OFDM symbols)
· rmtc-Period-r13: ms40 (40 subframes)
· ReportInterval: ms120 (one reporting in every 3 RMTC period)
· AWGN input during RSSI measurement duration

· channelOccupancyThreshold: -63dBm

· Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 12 = 2: -60.5dBm (2.5dB above channelOccupancyThreshold)
· Io in subframes corresponding to RSSI measurement time configuration (RMTC) where system frame number mod 12 is not equal to 2: -65.5dBm (2.5dB below channelOccupancyThreshold)
· Channel occupancy reporting

· Measure RSSI for each OFDM symbol duration in RMTC duration
· RSSI measurement for 14x3=42 OFDM symbols

· 14 RSSI measurements are supposed to be higher than channelOccupancyThreshold
· 28 RSSI measurements are supposed to be higher than channelOccupancyThreshold
· Channel occupancy = round {(number of RSSI measurements over -63dBm / 42) * 100}
· Ideal channel occupancy measurement = round {14/42 * 100} = 33

First, Io level during RSSI measurement duration is only 2.5dB above or below channelOccupancyThreshold and this seems to assume that UE can make ideal RSSI measurement even with AWGN input signal. As we pointed out in previous section, we should consider at least 1dB additional margin for RSSI measurement variation on AWGN signal. 
Proposal 2. Set Io level at 3.5dB above and below channelOccupancyThreshold in channel occupancy test. 

To be counted as correct channel occupancy reporting, UE needs to report 33% in the test. This requires correct decision on RSSI being above or below threshold for all 42 RSSI measurement samples. This seems to be quite challenging for RSSI measurement on AWGN signal unless we put very large margin on Io setting. If we allow one decision error out of 42 RSSI samples, test can accept RSSI measurement of {31%, 33%, 36%} as correct channel occupancy measurement. 
Proposal 3. Modify test requirement so that channel occupancy reporting between 31 and 36 are taken as correct reporting. 

3. Conclusion

In this contribution, we provided our analysis on measurement variation in LAA RSSI measurement. Our observations and proposals are
Observation 1. For AWGN input signal, there is non-negligible variation in RSSI measurement error and the variation decreases as the number of averaged samples increases.

Proposal 1. Relax RSSI measurement accuracy requirement from ±2.5dB to ±3.5dB by adding 1dB margin for RSSI measurement variation on AWGN-like signal. 
Proposal 2. Set Io level at 3.5dB above and below channelOccupancyThreshold in channel occupancy test. 

Proposal 3. Modify test requirement so that channel occupancy reporting between 31 and 36 are taken as correct reporting. 
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