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1
Introduction  
In the last RAN meeting, a new WI [1] called “network-based CRS mitigation” (NW-CRS-IM) was approved. 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. According to [1], 2 main targets of this WI are to identify cases where the network can mitigate CRS and to identify impact to the legacy UE procedures. This contribution provides some analysis on potential impact of CRS muting on RRM in legacy device. 

2
Discussion
2.1 RSRP measurement accuracy on lean-carrier cell
In [3], it was mentioned that based on the reading of specifications the CRS muting on lean carrier on a cell not configured following TS 36.213 clause 12 or not configured as MBSFN is a non-conformance to the specifications from legacy UE viewpoint.

CRS transmitted outside inner 6 PRBs could be muted when not needed outside the DRX ON duration. Table 1 lists the total number of CRS symbols in our simulation setting. Table 2 and Table 3 show the measured RSRP accuracy at 90% and 95% percentiles, respectively. In the two tables, it can be observed that the room of measurement error decrease as measurement bandwidth decreases. 
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 


Observation 1: RSRP measurement error is inversely proportional measurement bandwidth
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. This is for TDD UL-DL subframe configuration 1. The RSRP errors of 1.4 and 3.0MHz spread more widely than those of 5MHz or above. A larger than 10dB degradation for RSRP measurements when CRS BW is reduced from 20MHz to 1.4MHz for LTE TDD network can be observed.
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Figure 1 Error of RSRP measurement in the case of 9.1.1 – TN1

It is foreseen that the accuracy of RSRP measurement highly depend on the number of PRBs. It is true that the measurement for neighbouring cells (intra or inter frequency) can be restricted in the center 6 PRB through the configuration of measurement bandwidth. To our understanding, the intention of measurement bandwidth restriction IE in Rel-8/9 specification is designed for HetNet deployment (e.g., neighbouring cell is with less system bandwidth, compared to the serving cell). However, the number of PRB used for the serving cells still depend on the carrier bandwidth. The unknown behaviour of CRS muting could lead to unpredictable RSRP measurement performance for serving cell. Hence, we make the following proposal.  
Proposal 1: The impact due to unknown CRS muting on serving cell RSRP should be evaluated.

2.2 Wide Band RSRQ and RS-SINR measurements on lean-carrier cell
TS 36.214 states Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks
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.

Typically, WB-RSRQ should be measured based on Wideband CRS. The legacy device will not be able to know the CRS muting on lean carrier cell. When some CRS are muted, the UE may underestimate RSRQ of the serving cell. Depending on amount of muting and UE implementation the underestimation could be in the range of several dBs. This will result in biased WB-RSRQ measurements. Under-estimation on WB-RSRQ measurements due to CRS muting is likely to highly time-varying on lean-carrier cell, assuming CRS muting is applied dynamically by eNB scheduler.
Observation 2: WB-RSRQ measurements will be likely to be underestimated by legacy UEs when CRS muting is enabled.

Proposal 2: RAN4 to study how to resolve the issue of RSRQ when CRS muting is unknown to UE.
2.3 SCell measurement when CA is configured

When CA is configured, UE performs measurements onto PCell and SCells. To our understanding, PCell and SCell measurements are both categorized as serving cell measurements. For a SCell in deactivated state, network can configure a specific measurement cycle (i.e., measCycleSCell). SCell RSRP could be under-estimated if a UE measures at the instances that network only transmits central 6PRBs with CRS. Consequently, CA utilization rate is low.

Proposal 3: RAN4 should study SCell measurement behavior for activated and 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: WB-RSRQ measurements will be likely to be underestimated by legacy UEs when CRS muting is enabled.
Proposal 1: The impact due to unknown CRS muting on serving cell RSRP should be evaluated.
Proposal 2: RAN4 to study how to resolve the issue of RSRQ when CRS muting is unknown to UE.
Proposal 3: RAN4 should study Scell measurement behavior for activated and deactivated state when lean carrier is configured. 
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