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1. Introduction
The new work item on increasing the minimum number of carriers for UE monitoring in UTRA and E-UTRA [1][2] has been set up in RAN#62. The objectives are
Increase the minimum number of inter-frequency carriers and cells a UE shall be able to monitor for UTRA and for EUTRA. The corresponding working assumptions are 

· inter-frequency and inter-RAT for UTRA and E-UTRA:
· UTRA FDD max 5 carriers

· For the total number of cells, max 80 cells can be considered as a signalling limitation by RAN2

· The upper limit on the number of cells/carrier can be discussed

· E-UTRA FDD max 8 carriers

· E-UTRA TDD max 8 carriers

· inter-RAT for E-UTRA:

· UTRA TDD max 6 carriers

· Minimum requirements for total number of carriers to monitor in 25.133 and 36.133 shall also be addressed 

For UTRA FDD,  Idle/URA_PCH/CELL_PCH states and CELL_DCH/CELL_FACH state operation shall be considered.

For E-UTRA FDD and E-UTRA TDD,  RRC idle mode and RRC connected state operation shall be considered.

The work on inter-frequency layers to be monitored shall be prioritized over inter-RAT layers to be monitored.

Any changes shall be backwards compatible from a core and performance requirements point of view, ie the solution should not worsen existing RRM requirements (e.g., delays) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification

Requirements shall also be developed for UE that support the optional capability to make inter-frequency and interRAT measurements without gaps.

This document discusses relative issues and provides our proposals.
2. Discussion
2.1
Measurement Capability
In section 4.2.2.9 of current specification 36.133, measurement capability of idle state UE is required as following:
For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:

-
Intra-frequency carrier, and
-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers, and

-
Depending on UE capability, 3 cdma2000 1x carriers, and

-
Depending on UE capability, 3 HRPD carriers.

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 8 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 cells), cdma2000 1x and HRPD layers.

And measurement capability of RRC connected state UE is required as following:
The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 cells), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 7 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers.

From WI Objective, the maximum number of E-UTRA FDD or TDD inter frequency monitored will be increased to 8, UTRA FDD frequency increased to 5, and UTRA TDD frequency increased to 6. Considering a UE monitors frequencies of every mode/RAT combination, and not worse than existing RRM requirements and power consumption for UE, we think it is reasonable for a UE has capability of monitoring a total of at least 15 carrier frequency layers, such as 8 E-UTRA TDD inter frequency carriers + 6 UTRA TDD IRAT carriers + 1 GSM frequcy layer, or other combination.
Proposal 1: it is proposed that the UE measurement capability in RRC connected state is modified as following:
The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 5 FDD UTRA carriers, and

-
Depending on UE capability, 6 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 cells), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 15 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers.

2.1
Measurement Requirements
In idle state, the measurement requirements for inter frequency are specified in section 4.2.2.4 in 36.133, as: 
The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS36.304 within Kcarrier * Tdetect,EUTRAN_Inter.

The UE shall measure RSRP or RSRQ at least every Kcarrier * Tmeasure,EUTRAN_Inter (see table 4.2.2.4-1) for identified lower or equal priority inter-frequency cells.
the UE shall be capable of evaluating that the inter-frequency cell has met reselection criterion defined TS 36.304 within Kcarrier * Tevaluate,E-UTRAN_Inter.

In RRC connected state, the measurement requirements for inter frequency are specified as: Cell identification: 
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In a word, the current requirements of cell identify delay, measurement period, etc. are Nfreq times of basic requirements in idle state or RRC connected state, regardless DRX is used or not. The Nfreq is total number of inter frequency and IRAT carrier monitored, up to 7 frequency layers. 
The WI Objective expects the measurement performance doesn’t degrade after increasing number of monitored frequency layers when using the number of carriers/cells in the existing specfication, i.e. ”Any changes shall be backwards compatible from a core and performance requirements point of view, ie the solution should not worsen existing RRM requirements (e.g., delays) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification”. In case more carriers are monitored, some relaxations may be applicable. The measurement requirements need verified how to modified after balancing between monitored frequency number, performance, and power consumption. The requirements may have following modified methods.
Method 1: Current measurement requirements are reused. When the total number of monitored frequencies is larger than 7, all frequencies measurement delay will be increased. Although this seems to be a relaxed method, this is not in contrary to the WI objective since the requirements would not be releaxed as long as using the number of carriers/cells in the existing specification. This method could be regarded as a conservative and applicable way. 
Method 2: Measurement opportunity density is not changed and frequencies are divided to different priority groups. This method is using existing measurement opportunity density and measurement method to complete measurement of increased frequencies to keep current UE power consumption. If the number of frequencies monitored is larger than 7, degrading requirements (measurement delay longer than exiting requirements for monitoring 7 frequencies) for part of total frequencies monitored to keep some frequencies (smaller than 7) measured using exiting requirements for monitoring 7 frequencies.

This method actually degrade total measurement performance, is actually not proposed to be adopted. But the idea of degrading some lower priority frequencies measurement performance may be considered.
Method 3: The measurement opportunity density is increased and the measurement requirements for 15 frequencies are similar to existing monitoring 7 frequencies. When frequency number measured are larger than 7, UE in idle state or RRC connected state using DRX will measure more frequencies during one DRX period, the power consumption will be increased. For UE in RRC connected state not using DRX, more densely measurement gaps are need, such as 20ms cycle period measurement gap, to ensure measurement performance. The maximum throughput of the UE will be degraded.
From power consumption and UE maximum point of view, this method is not perfect. But the measurement performance can be adopted.

Method 4: The frequencies measured are divided to some frequency groups. In each group, the propagation of signals on every frequency are similar. UE can measures one frequency signal for each group when the signal level is low, i.e. the group is lower priority frequency group. When the level of the frequency signal becomes strong, i.e. the group becomes high priority frequency group, UE then measures every frequency signal in the frequency group.
This method may be adopted. Whether 15 measured frequencies can be divided smaller then 7 frequency group need further verified.
Method 5: UE is required to measure two frequencies at same time. Normal LTE UE has at least two receivers. When UE measures inter-frequency or IRAT signal, it will not transmit and receive any data in serving cell. The two receivers measuring on two frequencies at same time is feasible. Secondly, the CA receivers may also measure two or three frequencies in same band at same time.
This method can be adopted from measurement performance, UE throughput, and power consumption point of view. This is actually a much more stringent way than the original intention. The measurement requirements should be relax for some degree.

Base on above discussion for solutions. The method of current requirements, i.e. the measurement period is increased with the monitored frequency number, should be reused, but more frequencies are measured. The measurement requirement is proposed as following:

Proposal 2: The current factor *(Nfreq) in current requirements formulas are proposed to replaced by *
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Using above proposal, the times of basic measurement requirements for Nfreq measured frequencies are listed in table 1
Table 1. Parameters
	Nfreq
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
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	1
	2
	2
	3
	3
	4
	5
	5
	6
	6
	7
	8
	8
	9
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3. Conclusion
The document discussed increase for minimum number of carriers a E-UTRA UE can monitor. The following proposals are provided:
Proposal 1: it is proposed the UE measurement capability in RRC connected state is modified as following:

The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 5 FDD UTRA carriers, and

-
Depending on UE capability, 6 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 cells), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 15 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers.

Proposal 2: The current factor *(Nfreq) in current requirements formulas are proposed replaced by *
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