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Introduction

During RAN4#68, the proposal to increase the number of carriers to monitor in idle state for UTRA and E-UTRA was discussed [2,3]. The operators’ main motivation was that number of used carriers/bands per operator is increasing and is larger than the current limitation of two inter-frequencies that the UE can monitor as in current specification. This puts constraints on operators in network planning and their proposal is to review the number of cells a UE can monitor in idle mode and increase it so as it give more freedom in network planning to the operators. As an example, the operators [3] presented the case of deploying femto cell on a separate carrier citing the limitation that there may be no possibility to add the femto neighbour information in the macro network as two of the inter-frequencies are already used in the macro network. This implies that the mobile will not perform cell-reselection when entering the femto cell. This contribution continues the discussion focusing on UE impact and the corresponding need to change requirements particularly for UTRA. This contribution focuses only on inter frequency layer for UTRA in Idle/URA_PCH/CELL_PCH states. Inter RAT layers and the applicability toward other connected modes (CELL_DCH and CELL_FACH) is not the scope of this contribution.
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Operators’ View
During RAN4#68bis, the operators provided more detailed picture on the increase in number of carriers and number of cells required per operator [1]. The exact increase in the number of carriers and number of cells required by each operator is summarized in the table below.

	Operator
	Number of Additional UTRA Carriers to Monitor
	Number of Additional UTRA Cells to Monitor

	TeliaSonera, DT, Orange
	3
	48

	Vodafone
	1 or 2
	32

	Softbank Mobile
	2
	32
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Existing measurement requirements
In [5], the measurement requirement for non-identified inter-frequency cells is as follows:
· If CPICH Ec/Io is used as the measurement quantity for cell reselection, CPICH Ec/Io filtering shall be such that UE shall be capable of evaluating that inter-frequency cell has met the reselection criteria within 30 s from the moment the inter-frequency cell met the reselection criteria by at least 3 dB provided that Treselection timer is set to zero
· If CPICH RSCP is used as the measurement quantity for cell reselection, CPICH RSCP filtering shall be such that UE shall be capable of evaluating that inter-frequency cell has met the reselection criteria within 30 s from the moment the inter-frequency cell met the reselection criteria by at least 5 dB for reselection based on ranking, or [6]dB for reselection based on absolute priorities provided that Treselection timer is set to zero
Also in [5], the measurement requirement for identified inter-frequency cells is as follows:

The UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD for inter-frequency cells that are identified and measured according to the measurement rules. The parameter Ncarrier is the number of carriers used for FDD cells. The UE shall filter CPICH Ec/Io and CPICH RSCP measurements of each measured inter-frequency cell using at least 2 measurements.
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Proposal
In [6], we presented a high level UE impact analysis if number of carriers to monitor is increased. In this contribution, we propose modified measurement requirements for additional carriers. Two different proposals are shown under the feasible current consumption constraint.
4.1
Option I: Different sets of requirements for additional carriers
Non-identified inter-frequency cells

For non-identified inter-frequency cells, larger number of carriers to monitor increases the current consumption based on the current specification. By keeping existing requirements for all additional carriers, the current consumption will increase linearly with each additional carrier. For example, if the UE current consumption increases by x% per additional carrier, with 3 additional carriers, the additional current consumption increases by 3x%. To minimize the impact on current consumption, we propose the following requirement for non-identified inter-frequency cells.

Option 1a: If Ncarrier ≤ 3, keep current requirements i.e. for non-identified inter-frequency cells, cell identification requirement remains 30 sec.
If Ncarrier > 3, modify requirements for the additional (Ncarrier-3) carriers, i.e. for non-identified inter-frequency cells, increase cell identification requirement to (Ncarrier-3) * Tnewcarrier seconds, i.e. one additional/new carrier monitored every Tnewcarrier seconds and set Tnewcarrier = 180 seconds. 
For the first 2 inter frequencies, the legacy UE and new UE can behave in the same way in terms of reselection performance and the new UE will have relaxed reselection performance to additional inter frequencies. By implementing the above proposal, the increase in current consumption due to additional carriers can be a fraction of the total current consumption incurred by monitoring only 2 inter-frequencies. The following figure shows an example of performing measurement on non-identified cells with 1 additional carrier i.e. (Ncarrier-3)=1 and Tnewcarrier=180 seconds.
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Figure 1: Measurement of non-identified cells with one additional carrier f3

Identified inter-frequency cells

For identified inter-frequency cells, the requirement in the specification scales with the number of carriers. The total time for search and total average power (with respect to measurements) are not affected by increasing number of carriers using requirements in specification. But there may be less filtering of measurements with increase in number of carriers which may impact measurement latency and measurement/ranking accuracy not only on the additional carriers but also on the two legacy carriers which may not be desirable. So, the following measurement requirement for non-identified inter-frequency cells is proposed.
Option 1b: If Ncarrier ≤ 3, keep current requirements i.e. for identified and measured inter-frequency cells, UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

If Ncarrier > 3, modify requirements for the additional (Ncarrier-3) carriers by slowing down the measurement rate so that the impact to current consumption due to additional carriers can be minimum. For example, for identified and measured inter-frequency cells on additional carriers, UE measures CPICH Ec/Io and CPICH RSCP at least every 4*(Ncarrier-3) * TmeasureFDD.
The filtering of measurements shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has met the reselection criteria within 4*(Ncarrier-3) * TevaluateFDD from the moment the inter-frequency cell met the reselection criteria
In the proposed requirement, slower measurement rate on the additional carrier impacts accuracy of measurements if evaluation period is not increased correspondingly. In other words, there are fewer measurements available per unit time and thus the filtered measurements may have a higher variance. Thus when the UE performs cell ranking based on the filtered measurements, the additional carrier may be highest ranked for Treselection seconds due to biased measurements causing a cell reselection to the additional carrier. But immediately after the reselection, there may be a drop in measurement quality on additional carrier due to measurement variance causing the legacy carrier to become higher ranked again. This can cause a ping-pong between carriers which is undesirable. To mitigate such ping-pong between additional carriers and legacy carriers due to measurement accuracy issue on additional carriers, the measurement evaluation period has been increased in the proposal. 

But slower/sparse measurements along with extended evaluation period may motivate the need for a new Treselection timer for additional carriers ‘Treselection_new’ which could be set much higher than the one for legacy carriers. But this new timer has to be signaled by the network just like the Treselection for legacy carriers, say using SIB3/4[7], using a new information element. Therefore, this has implication on new RAN2 signaling if this is desirable.
4.2
Option II: Uniform requirements across all the inter-frequency carriers
If the uniform behaviour across all the inter-frequencies are desirable in the network, uniform requirements across all the inter-frequencies can be considered. As pointed out in [6], increasing number of inter-frequencies with current specification has significant current consumption impact. Therefore, it is proposed to scale the requirements to limit the current consumption within the existing specification. Unlike the approach in section 4.1, it will provide uniform behaviour across all the inter-frequencies, however, it will make a new UE have relaxed reselection performance compared to the legacy UE when more than 2 inter-frequencies are broadcasted. When up to 2 inter-frequencies are broadcasted, the reselection performance can be maintained same as the legacy UE. The proposed requirements are shown below.
Non-identified inter-frequency cells
Option 2a: If Ncarrier ≤ 3, for non-identified inter-frequency cells, cell identification requirement is 30 seconds.
If Ncarrier > 3, for non-identified inter-frequency cells, cell identification requirement is 30*(Ncarrier-1)/2 seconds. 
Identified inter-frequency cells
The same requirements as in current specification are kept.
Option 2b: For identified and measured inter-frequency cells, UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

The filtering of measurements shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has met the reselection criteria within (Ncarrier-1) * TevaluateFDD from the moment the inter-frequency cell met the reselection criteria.
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Conclusion
This contribution has discussed inter-frequency layer for UTRA in Idle/URA_PCH/CELL_PCH states. Inter RAT layers and the applicability toward other connected modes (CELL_DCH and CELL_FACH) is not the scope of this contribution and can be discussed separately.

This contribution has provided two options for the potential requirements when the number of inter-frequencies and cells to monitor in Idle/URA_PCH/CELL_PCH states is increased.
Option I: Different sets of requirements for additional carriers

	Non-identified inter-frequency cells
	If Ncarrier ≤ 3, keep current requirements i.e. for non-identified inter-freq cells, cell identification requirement remains 30 sec. For identified and measured inter-frequency cells, UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

If Ncarrier > 3, modify requirements for the additional (Ncarrier-3) carriers i.e. for non-identified inter-freq cells, increase cell identification requirement to (Ncarrier-3) * Tnewcarrier seconds i.e. one additional/new carrier monitored every Tnewcarrier seconds and set Tnewcarrier = 180 seconds.

	Identified inter-frequency cells
	If Ncarrier ≤ 3, keep current requirements i.e. for identified and measured inter-frequency cells, UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

If Ncarrier > 3, modify requirements for the additional (Ncarrier-3) carriers by slowing down the measurement rate so that the impact to current consumption due to additional carriers can be minimum. For example, for identified and measured inter-frequency cells on additional carriers, UE measures CPICH Ec/Io and CPICH RSCP at least every 4*(Ncarrier-3) * TmeasureFDD.
The filtering of measurements shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has met the reselection criteria within 4*(Ncarrier-3) * TevaluateFDD from the moment the inter-frequency cell met the reselection criteria.


Option II: Uniform requirements across all the inter-frequency carriers
	Non-identified inter-frequency cells
	If Ncarrier ≤ 3, for non-identified inter-frequency cells, cell identification requirement is 30 seconds.
If Ncarrier > 3, for non-identified inter-frequency cells, cell identification requirement is 30*(Ncarrier-1)/2 seconds.

	Identified inter-frequency cells
	For identified and measured inter-frequency cells, UE measures CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD.

The filtering of measurements shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has met the reselection criteria within (Ncarrier-1) * TevaluateFDD from the moment the inter-frequency cell met the reselection criteria.
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