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1
Introduction  
Network-based Cell-specific Reference Signals (CRS) mitigation for lean carrier concept consists of muting CRS when not needed for idle UEs and connected UEs. It was agreed in [1] that 
· CRS cannot be muted when the UE is configured with widebandRSRQ-Meas to measure WB-RSRQ. Otherwise, the network may configure AllowedMeasBandwidth to 6 PRBs and apply CRS muting outside the inner 6 PRBs. 

· When DRX is configured: full BW CRS in serving cell during SCell activation period and when the SCell is activated except for the SCell deactivation period.

This contribution discusses impact of CRS muting on these aspects of RRM measurement in legacy UE. 

2
Discussion
2.1 Inter-frequency RSRP measurement accuracy in TDD on lean-carrier neighbour cell
The AllowedMeasBandwidth parameter allows the UE to know about the neighbour cell operating bandwidth. The UE can use knowledge of measurement bandwidth for inter-frequency and intra-frequency RSRP measurements on neighbour cells. Inter-frequency measurements may require the configuration of measurement gaps every 40 ms or 80 ms depending on gap pattern #0 or #1 with a measurement time of up to 6 ms depending on the UE capability. The intra-frequency measurements are relatively less challenging as the UE has up to 800 ms to detect the target neighbour cell. 

In TDD network, it is was shown in [2] that accuracy of RSRP measurements in inner 6 PRBs may not be sufficient. TDD case is relatively more challenging than FDD case for accurate RSRP measurements as not all subframes in a radio frame may be available for these measurements depending on the TDD UL-DL configuration in the network. We include these measurements below for convenience. Table 1 lists simulation parameters. Table 2 and Table 3 show the measured RSRP accuracy at 90% and 95% percentiles, respectively. It can be observed that the margin for measurement error decrease as measurement bandwidth decreases. 
Observation 1: RSRP measurement error is inversely proportional measurement bandwidth
Table 1 Total number of CRS symbols and CRS REs for cell measurement

	BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Total number of CRS symbols (A)
	20
	20
	20
	15
	10
	10

	Number of CRS REs per CRS symbol (B)
	12
	30
	50
	100
	150
	200

	Total CRS REs= (A) x (B)
	240
	600
	1000
	1500
	1500
	2000


Table 2 Relative RSRP accuracy at 90% percentile

	Test case
	Accuracy requirement (dB)
	Measurement Bandwidth (MHz)

	
	
	1.4 
	3 
	5 
	10 
	15 
	20 

	9.1.1 – TN1
	3 
	2.1 
	1.5 
	0.9 
	0.7
	0.8 
	0.7

	9.1.1 – TN2 
	3 
	2.1 
	1.5 
	0.9
	0.7 
	0.8 
	0.7 

	9.1.1 – TN3 
	3 
	2.0
	1.4 
	0.9 
	0.7 
	0.7 
	0.6 

	9.1.14 – TN1
	2 
	1.5
	0.7 
	0.4 
	0.4 
	0.3 
	0.3 

	9.1.14 – TN2
	3 
	1.6
	1.0 
	0.7 
	0.6 
	0.5 
	0.5 

	9.1.14 – TN3
	3 
	1.6
	0.9
	0.7
	0.6
	0.5
	0.5


Table 3 Relative RSRP accuracy at 95% percentile

	Test case
	Accuracy requirement (dB)
	Measurement Bandwidth (MHz)

	
	
	1.4 
	3 
	5 
	10 
	15 
	20 

	9.1.1 – TN1
	--
	2.8 
	1.9 
	1.1 
	0.9 
	0.9
	0.8 

	9.1.1 – TN2 
	--
	2.8 
	1.9 
	1.1 
	0.9 
	0.9 
	0.8 

	9.1.1 – TN3 
	--
	2.5
	1.7 
	1.1 
	0.8 
	0.9 
	0.8 

	9.1.14 – TN1
	--
	1.8
	0.8 
	0.5 
	0.4 
	0.4 
	0.4 

	9.1.14 – TN2
	--
	2.0
	1.1 
	0.8 
	0.7 
	0.6 
	0.5 

	9.1.14 – TN3
	--
	2.0
	1.1 
	0.8 
	0.7 
	0.6 
	0.5 


The tables show the RSRP measurement accuracy using 1.4MHz CRS is the worst. Figure 1 shows the distribution of RSRP errors in the test case 9.1.1 – TN1 (TDD UL-DL subframe configuration #1). The RSRP errors of 1.4 and 3.0MHz spread more widely than those of 5MHz or above. It is observed that the RSRP measurement error spread could be up to 10 dB when CRS BW is reduced from 20MHz to 1.4MHz. 
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Figure 1 Error of RSRP measurement in the case of 9.1.1 – TN1

The large degradation for RSRP measurements is expected to have a negative impact in cell selection with UE not being able to select any cell effectively. To avoid unpredictable RSRP measurement performance for inter-frequency RRM measurements in TDD network, it is proposed that the AllowedMeasBandwidth is set to at least 5 MHz (25 PRBs).

Proposal 1: To avoid unpredictable RSRP measurement performance for inter-frequency RRM measurements in TDD network, it is proposed that the AllowedMeasBandwidth is set to at least 5 MHz (25 PRBs).
2.2 RSRP measurements during warm-up subframes on lean-carrier serving cell
The AllowedMeasBandwidth parameter is not relevant for RSRP measurements in the serving cell. The legacy UE knows the system bandwidth on the carrier from the Master Information Block broadcast in serving cell on PBCH. Legacy UE is always allowed to use all the CRS available in the system bandwidth for better RSRP measurement accuracy. UE can utilize this wideband RSRP measurement to help it survive in low SINR scenarios and also reduce the number of L1 samples needed to meet the same requirement. Further, RSRP measurement in serving cell is implementation specific, and legacy UE behaviour for these measurements is not specified. The legacy device may use all available CRS in system bandwidth to make RSRP measurements anytime except during measurement gaps if configured. 

Observation 2: AllowedMeasBandwidth IE is a tool to configure the measurement bandwidth of neighboring cell, which is not applicable to serving cell.

Observation 3: Legacy UE is always allowed to use all the CRS available in the system bandwidth for better RSRP measurement accuracy

In a typical legacy UE implementation, the UE wakes up from DRX early and perform Automatic Gain Control, Adaptive Frequency Correction, Mobility Detection, Noise Estimation, Delay Spread estimation, channel estimation operation in device modem [3]. Channel/noise estimation can be used for RSRP measurements and also use by other device modem operations. Accurate estimation requires some averaging in frequency domain and also in time domain. RSRP measurement accuracy may vary depending on the SINR condition at the legacy UE and also the clock drift for longer DRX cycle configurations (i.e. for pre-sync). A very noisy received signals with large timing and frequency errors may lead to relatively more inaccurate RSRP measurements. 

Observation 4: The accuracy of RSRP measurements in serving cell may vary depending on the SINR condition and timing / frequency errors at the legacy UE.

The RSRP measurements in serving cell may be done during a relatively shorter time depending on DRX configuration – i.e. DRX cycle and DRX ON duration. Accuracy of RSRP measurements in serving cell may suffer from not enough subframes scheduled with full BW CRS. Smoother RSRP measurements can be achieved if full BW CRS also used during subframes before DRX ON starts.

Observation 5: Smoother RSRP measurements can be further achieved with full BW CRS in subframes before DRX ON starts in legacy device.

RSRP measurement in serving cell is implementation specific and legacy UE behaviour for these measurements is not specified. The legacy device may use available CRS in system bandwidth to make RSRP measurements anytime except during measurement gaps if configured. For example, if UE performs averaging operation over one sample in subframe before DRX ON starts and one sample in the DRX ON duration, the RSRP qualities between the two samples can be up to 12dB. This would lead to some fluctuation in the L1 RSRP output and hence some degradation in mobility performance. Therefore, it is important to guarantee that the number of warm-up subframes with full-band CRS aligns with legacy device implementation to avoid impact on RSRP measurements for serving cell.
Proposal 2: Number of warmup subframes should align with device implementation to avoid impact on RSRP measurements for serving cell.

The exact number of subframes before DRX ON starts used by UE is implementation specific. A typical implementation may consider a fixed number of subframes or a variable number of subframes. This may depends on compromise between at least RSRP measurement accuracy and optimization of DRX operations in the device. 
2.1 SCell measurement when CA is configured

According to specifications, the serving cell(s) are the PCell and one or more SCells, if configured for a UE supporting CA. The UE measures and reports on the serving cell(s) [4]. In the detail RRC message of SCell, the downlink bandwidth is provided by the IE dl-Bandwidth, as captured below. Therefore, UE already has the knowledge on the bandwidth of all SCells in deactivated state.
RadioResourceConfigCommonSCell-r10 ::=
SEQUENCE {


-- DL configuration as well as configuration applicable for DL and UL


nonUL-Configuration-r10




SEQUENCE {



-- 1: Cell characteristics



dl-Bandwidth-r10





ENUMERATED {n6, n15, n25, n50, n75, n100},


-- 2: Physical configuration, general



antennaInfoCommon-r10




AntennaInfoCommon,



mbsfn-SubframeConfigList-r10


MBSFN-SubframeConfigList
OPTIONAL,
-- Need OR



-- 3: Physical configuration, control



phich-Config-r10





PHICH-Config,



-- 4: Physical configuration, physical channels



pdsch-ConfigCommon-r10




PDSCH-ConfigCommon,



tdd-Config-r10






TDD-Config




OPTIONAL
-- Cond TDDSCell


},

For a SCell in deactivated state, network can configure a specific measurement cycle (i.e., measCycleSCell). 
measCycleSCell

The parameter is used only when an SCell is configured on the frequency indicated by the measObject and is in deactivated state, see TS 36.133 [16, 8.3.3]. E-UTRAN configures the parameter whenever an SCell is configured on the frequency indicated by the measObject, but the field may also be signalled when an SCell is not configured.

MeasCycleSCell-r10 ::=



ENUMERATED {sf160, sf256, sf320, sf512,














sf640, sf1024, sf1280, spare1}

The UE is allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms based on RRC configuration.

In case UE needs to activate a de-activated SCell that is also a serving cell, it must be able to make RSRP measurements during SCell deactivation period. If CRS muting is applied on deactivated SCell, the UE may report poor RSRP measurements for the deactivated SCell and network may decide not to activate the SCell. 
Further, the network may not be able to rank the intra-frequency cells and inter-frequency cells for serving and neighboring cells if 
· Legacy UE does not report accurate RSRP measurements for deactivated SCells. 
· Legacy UE reports RSRP measurement on full-BW CRS for activated SCell, reduced-BW CRS for de-activated SCell, and reduced-BW PCell

Carrier aggregation is an essential feature in E-UTRAN supported by many legacy UEs. It seems necessary to further address measurement behaviour for deactivated SCell to ensure carrier aggregation operations in legacy UE do not suffer significantly or may not work in worst case for some legacy devices when CRS muting is applied in a de-activated SCell. 

Proposal 3: RAN4 should study SCell measurement behavior for deactivated state when lean carrier is configured.
3
Conclusion

In this contribution, RRM performance impact in lean carrier cells where CRS muting is applied by the network was discussed. We make a number of proposals

Observation 1: RSRP measurement error is inversely proportional measurement bandwidth
Observation 2: AllowedMeasBandwidth IE is a tool to configure the measurement bandwidth of neighboring cell, which is not applicable to serving cell.
Observation 3: Legacy UE is always allowed to use all the CRS available in the system bandwidth for better RSRP measurement accuracy
Observation 4: The accuracy of RSRP measurements in serving cell may vary depending on the SINR condition and timing / frequency errors at the legacy UE.
Observation 5: Smoother RSRP measurements can be further achieved with full BW CRS in subframes before DRX ON starts in legacy device.
Proposal 1: To avoid unpredictable RSRP measurement performance for inter-frequency RRM measurements in TDD network, it is proposed that the AllowedMeasBandwidth is set to at least 5 MHz (25 PRBs).
Proposal 2: Number of warmup subframes should align with device implementation to avoid impact on RSRP measurements for serving cell.
Proposal 3: RAN4 should study SCell measurement behavior for deactivated state when lean carrier is configured.
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