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1 Introduction

Carrier aggregation (CA) has been widely discussed in RAN4 in 3gpp meetings. The deployment scenarios are described in [1], which can be generally sorted as the aggregations for continuous carriers, non-continuous intra-band carriers and non-continuous inter-band carriers. This paper provides some considerations on the measurements issues in CA.
2 Discussion
2.1 RSRP Discussion
Under the case of CA, more than one CC which is in one band or multi-bands is aggregated. Apparently, there is a corresponding increase in the number of measurement frequency and potentially the number of reported measurements is increased as well. 
For contiguous CCs with similar coverage and propagation characteristics, it may be unnecessary for the UE to measure all CCs. Therefore, the multiple CCs may be regarded as a measurement object. In other words, one CC (or a subset of CCs) may be selected as the measurement CC and the measurements of the other CCs can be estimated. The section takes reference signal received power (RSRP) as example. RSRP is defined as the linear average over the power contribution of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth [2] in LTE. Assuming 
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are the reference (i.e. measurement) frequency and its adjacent frequency, 
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respectively. Then the following formula may be deduced,
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where 
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 can be estimated and adjusted in the actual field test and actual networks by the means of the real data. 

In figures1, 2 and 3, simulation results show the CDF (cumulative distribution function) for RSRP difference between reference CC and other aggregated CCs with different measurement bandwidth and different L3 filter coefficient. In order to reach the same coverage as the reference CC, the transmit power of the other aggregated CCs is compensated according to the large fading in the simulation. The baseline (or reference) frequency is 3.5GHz, and the frequency spacing is from 10MHz to 40MHz. The results show that 1) 10MHz measurement bandwidth leads to smaller RSRP difference than 1.4MHz measurement bandwidth; 2) 40MHz frequency spacing leads to the bigger RSRP difference; 3) smaller L3 filter coefficient leads to smaller RSRP difference. For the worst case (1.4MHz measurement bandwidth and L3 coefficient is 0.5), the RSRP difference is less than 1.5dB when the frequency spacing is 40MHz. Thus, it is possible to derive RSRP measurements of different CCs from a given reference CC based on the similar propagation characteristics in continuous CA case.
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(a)10MHz measurement bandwidth                     (b)1.4MHz measurement bandwidth  

Fig1. CDF of RSRP difference with different frequency spacing(L3 filter coefficient is 0.5)
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(a)10MHz measurement bandwidth               (b)1.4MHz measurement bandwidth 
Fig2. CDF of RSRP difference with different frequency spacing(L3 filter coefficient is 0.35)
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(a)10MHz measurement bandwidth               (b)1.4MHz measurement bandwidth 
Fig3. CDF of RSRP difference with different frequency spacing (L3 filter coefficient is 0.09)
By using the above frequency compression method, some advantages are shown as below,
(1)Reducing the report load, i.e., the reference frequency(ies) for UE measurement and  report is part of all CCs which can reflect signal quantity of all CCs, and UE only need report the measurement result of the reference CC to eNB.
(2)Reducing power consumption caused by measurement report.
The eNB power in different CCs may be different due to coverage requirements and deployment choices of the operator. The eNB reference signal power may also be changed per CC for load balancing and other reasons. So in such cases, we may not always assume that the measurement RSRP will be the same for different CC. Whereas if the transmit power or the transmit power difference among multiple CCs is known by serving eNB, the frequency compression method will still work.
For non-contiguous carriers especially for those carriers spaced far apart in the spectrum, it may be necessary to support independent measurements for the different CC. This is because carriers on different bands may exhibit quite diverse attenuation and propagation properties.
2.2 RSRQ Discussion

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 and RSSI includes co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc [2]. RSSI may be defined for each CC separately and be different among each CC depending on the load information of neighbour cells. So RSRQ of each adjacent CC may be different because of the diverse interference situation. Further study is needed on the details of RSRQ and RSSI measurements.  
3 Conclusions

In this paper, the measurements in carrier aggregation are discussed. We conclude that the UE measuring a subset of CCs instead of all CCs for RSRP in CA scenario is feasible. The reduced report load and decreased power consumption are the potential gain. For RSRQ, we suggest that further study is needed.
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Annex
Table 1:  system simulation parameters for RSRP measurement
	Parameter
	Assumption

	Common parameters

	Cellular layout
	Hexagonal grid,19 sites, 3 cells per site

	Inter site distance
	500m

	Pass loss
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	Log-normal shadowing 
	Standard deviation=8dB

	Propagation conditions
	 ETU

	Antenna Bore-sight pointing
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	Shadowing correlation
	1.0 for intra-site, 0.5 for inter-site

	Penetration loss
	20dB

	Number of users
	10 user per sector

	Thermal noise density
	-174 dBm/Hz

	Simulation time
	20000 radio subframe

	UE speed
	3km/h

	Parameters related CA

	Frequencies
	3.50G; 3.51G; 3.52G; 3.54G (Hz)

	Measurement bandwidth
	1.4MHz; 10MHz

	Physical layer measurement period (L1)
	200 ms

	Sample period
	Once per 40ms 

	Sample number
	4

	L3 filter coefficient
	0.5; 0.35; 0.09
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