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1. Introduction

In the paper from TeliaSonera et al. in [1] it is proposed to increase the number of UTRA/E-UTRA carriers which shall be measured by a UE. The rational is that the available inter-frequency carriers according to current requirements (2 for UTRAN FDD within UTRAN FDD and 3 for E-UTRAN within E-UTRAN) are already used. With the introduction of e.g. femto cells and increased load the number of used carriers for which the UE should support mobility increases.
2. Background
2.1. Idle mode

Today 3GPP requirements for measurements in idle mode/CELL_PCH/URA_PCH and idle state are stated in chapter 4 of TS 25.133 [2] for UTRAN-FDD and TS 36.133  [3] for E-UTRAN respectively.

Currently following are 3GPP requirements according to [2] for UTRA FDD in idle mode, URA_PCH state and CELL_PCH state as shown in table 1:

Table 1: UTRA FDD requirements in idle mode and URA_PCH/CELL_PCH states
	Cause
	Measured RAT
	Rate of measurements

	Higher Priority Search 
	All RATs
	Thigher_priority_search (60 * Nlayers)

	Inter-frequency Measurements
	UTRA FDD
	(Ncarrier-1) * TmeasureFDD

	Interfrequency TDD Measurements
	UTRA TDD
	NcarrierTDD * TmeasureTDD

	Inter-RAT (E-UTRA)
	E-UTRA FDD & TDD
	Kcarrier * TmeasureE-UTRA


Then for E-UTRA according to [3] we have the following requirements in idle state in table 2:
Table 2: E-UTRA requirements in idle state

	Cause
	Measured RAT
	Rate of measurements

	Higher Priority Search 
	All RATs
	Thigher_priority_search (60 * Nlayers)

	Inter-frequency Measurements
	E-UTRA
	Kcarrier * Tmeasure,EUTRAN_Inter

	Inter-RAT UTRA FDD Measurements
	UTRA FDD
	(NUTRA_carrier) * TmeasureUTRA_FDD

	Inter-RAT UTRA TDD Measurements
	UTRA TDD
	(NUTRA_carrier_TDD) * TmeasureUTRA_TDD


It is seen from the above tables that all the measurement requirements scale with the number of carriers. 
2.2. Connected Mode in UTRA FDD and E-UTRA
The requirements for UTRA-FDD in Cell FACH and Cell_DCH modes are given in chapters 8.4 and 8.1 of [2] respectively. In these states the requirements scale with the number of frequencies that are measured in for the purpose of the gap. 
For example the UTRA FDD interfrequency measurement period in Cell-DCH is defined as 
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NFreq: Number of FDD frequencies indicated in the inter frequency measurement control information.

The scaling is defined in a similar way for E-UTRA, here the measurement period is defined as TMeasurement_Period_E-UTRAN =480 x NFreq ms where NFreq is the number of E-UTRAN frequencies indicated in the inter-RAT measurement control information.
For Cell FACH in UTRA FDD the scaling is also done per purpose on the gap similar to as in Cell-DCH. The purposes are measurements on UTRA FDD, UTRA TDD, GSM or E-UTRA carriers.
3. Impact on the performance of increasing carriers 
In the section above it is seen that the measurement rate in idle always scale with the number of carriers. With doubling the number of carriers the measurement rate will be halved according to the current specification. Thereby there is no impact on power consumption, instead the impact is on the measurement delay.
3.1 Idle mode, URA_PCH and CELL_PCH states in UTRA FDD

Just to show an example of the impact based on the test case in section A.4.2.2 of [2], with one carrier in the test case the delay becomes Delay=6.4+T_SI s leading to a test requirement of 8 s, with 3 UTRA carriers the delay becomes Delay = 2*6.4+T_SI s =12.08s, with 6 UTRA carriers the delay becomes 5*6.4+T_SI= 32 + T_SI s = 33.28s 

The inter-RAT delays will increase in the same way with the number of carriers but more UTRA FDD carriers will not delay the E-UTRA measurements. 
Thus, with more carriers the delay will be prolonged proportionally. 
3.2 Idle state in E-UTRA

E-UTRA is specified in a similar way as UTRA FDD so the delay will scale with the total number of carriers the same way as in UTRA FDD.
3.3 CELL_FACH and CELL_DCH states in UTRA FDD

In Cell_FACH there are measurement occasions of length one TTI which are repeated with a configurable rate. Here the specification [2] allows the splitting of the measurement occasions between the RATs in a Round Robin manner. The measurement period and identification delay are calculated based on how often there is a measurement occasion for that RAT and then this time is scaled with how many carriers on that RAT shall be measured.
Thus when the number of E-UTRA carriers is doubled the measurement period for E-UTRA carriers will be doubled as well.
3.4 Connected state in E-UTRA

In connected state in E-UTRA there is a gap pattern every 40 or 80 ms that is used for measurements on inter-frequency carrier as well as on all RATs.  According to the inter-frequency and inter-RAT measurement requirements specified in chapter 8 [3], the corresponding cell identification delay and measurement period requirements scale with the number of configured frequencies/layers to be measured. 
The total number of frequencies/layers is calculated as Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

And Nfreq, UTRA is both FDD and TDD carrier. Thus when doubling the number of E-UTRA carriers, measurements performed on all RATs will be proportionally delayed

4. Way Forward
First it has to be investigated if more carriers in the neighbour list really are needed. Are there other ways to handle the increased number of carriers in the network?

If a change of the UE behavior is needed, are the current specifications good enough when increasing the number of carriers? 
Otherwise, what is the tradeoff between power consumption and delay. In idle mode and similar states if the number of carriers to be measured during one DRX period increases then there will be increased power consumption in the UE. 

In connected mode/state, if the measurement period is kept the same as now while number of carriers is increased, the cost is complexity and power consumption. This is because the UE needs to be able to measure several carriers in parallel in the same gap. To be able to do this, measuring them independent of the number of carriers will be difficult. 
The scaling of measurement time proportion to the increase in the number of carriers means significantly longer time especially when all carriers/layers are configured for measurements. This may affect the mobility performance.
One alternative would be to have two classes of cells for measurements, one class with the same delay as today and another class with substantially longer identification times and measurement periods. With this approach the UE will be able to find and measure on all cells, but the delay is larger for measurements on some carriers. The measurement delay is more critical for measurements on some cells. For example for measurements on macro cells we need to have tight requirements to avoid dropped calls while other cells, e.g. home NodeBs or eNode Bs can afford to have a longer delay before the UEs are moved to these cells. 
5. Summary
It is seen from the description above that in the current spec the delays do scale with the number of carriers. In some cases the delay of the RAT is scaling. In some cases all RATs will be delayed by increasing the number of carriers on one RAT. 

With this scaling approach there will not be any penalties on the power consumption but only on the delay. However this will cause much longer delay when several carriers are configured and will impact existing network performance. We therefore suggest that certain carriers are measured over much longer time compared to the remaining ones. 
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