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1
Introduction
In the last RAN4 meeting, an initial draft test proposal for UE RRM requirements for Carrier aggregation (CA), especially for measurements of secondary component carrier(s) with and without active SCell, was presented [1]. In addition to the measurement requirements, the following requirements related to UE RRM capabilities, such as the number of handling carriers and events in parallel in TS36.133 [2], would need to be updated for CA:

· 4.2.2.9
UE measurement capability
· 8.1.2.1.1.1
Maximum allowed layers for multiple monitoring

· 8.2

Capabilities for Support of Event Triggering and Reporting Criteria
In this contribution, we initiate discussions on UE RRM capabilities for carrier aggregation.

2
Discussion
In this section, we discuss the UE RRM capabilities for each requirement which is defined in TS36.133 [2].
2.1 UE RRM capabilities in IDLE mode
In section 4.2.2.9 of TS36.133 [2], the number of carrier frequencies per intra-frequency, inter-frequency and RATs, and the total number of them which a UE shall be capable of monitoring in parallel for idle mode cell re-selection purposes are defined as below:

4.2.2.9
UE measurement capability
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.
Following the agreed way forward so far (ex. Agreement 1 in [3]), Idle state mobility requirements are kept the same as in Rel-8/9 so that it would not be necessary to change the current requirements for CA event though CA capable UEs could support more frequency carriers than Rel.8/ 9 UEs.

2.2 UE RRM capabilities in CONNECTED mode

For Connected mode requirements, not only the number of carrier frequencies, but also the number of events which a UE shall handle in parallel is defined so that we discuss them respectively in the following sections.

2.2.1 Maximum number of carrier frequencies using gaps in CONNECTED mode
In section 8.1.2.1.1.1 of TS36.133 [2], the number of carrier frequencies per RAT group and the total number of them which a UE shall be capable of monitoring in parallel during measurement gaps for connected mode are defined as below:

8.1.2.1.1.1
Maximum allowed layers for multiple monitoring

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

-
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 (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 using gaps 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.
The requirements are being applied to inter-frequency and Inter-RAT measurements using measurement gaps. As agreed on Agreement 2 and 4 in [3], non-configured component carriers are measured using measurement gaps and measurements on secondary component carriers with activated SCell(s) do not need any measurement gaps. In addition to that, the measurements of secondary component carrier(s) with deactivated SCell would also be done without measurement gaps while the detail requirements are still under the discussions. Therefore, the requirements in this section shall be applicable to the non-configured component carriers only. In other words, the measurements on the secondary component carries which are configured by RRC should be conducted regardless of the requirements in this section. The requirements are independent from CA capabilities and it would not be necessary to be changed. 

Proposal 1: Maximum allowed layers for multiple monitoring in connected mode should be kept as Rel.8/ 9 irrespective of whether carrier aggregation is configured.

2.2.2 Maximum number of events in CONNECTED mode
In table 8.2.2-1 in section 8.2 of TS36.133 [2], the number of events per the measurement categories such as intra-frequency, inter-frequency and inter-RAT and total number of them which a UE shall be capable of monitoring in parallel are defined as follows:
8.2 Capabilities for Support of Event Triggering and Reporting Criteria 
………………………………
The UE shall be able to support in parallel per category up to Ecat reporting criteria according to table 8.2.2-1. For the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter frequency cells, and inter-RAT per supported RAT, the UE need not support more than 21 reporting criteria in total. 

Table 8.2.2-1: Requirements for reporting criteria per measurement category

	Measurement category
	Ecat
	Note

	Intra-frequency
	9
	E-UTRA intra-frequency cells

	Inter-frequency
	7
	E-UTRA inter-frequency cells

	Inter-RAT (E-UTRAN FDD or TDD, UTRAN FDD, UTRAN TDD, GSM, cdma2000 1 x RTT and HRPD)
	5
	Only applicable for UE with this (inter-RAT) capability. This requirement (Ecat = 5) is per supported RAT.


For carrier aggregation, new concepts such as PCell and SCell(s) have been introduced as the serving cells [4]. Once SCell is configured, measurements on the secondary component carriers associated with the SCell(s) would be done without measurement gaps and it is considered as the serving cell so that it can be treated as intra-frequency. Due to additional intra-frequency, 9 additional reporting criteria should be reflected in the total number of reporting criteria as increased from 21 to 30. It is noted that two component carriers are assumed for CA and FSS in case of more than two component carriers configured.
Proposal 2: The UE which is configured with SCell carrier frequencies should need to support more than 30 reporting criteria in total and FSS in case of more than 2 CCs.
Based on the above proposals, a draft text proposal is shown below:
-------Tex proposal for reporting criteria per measurement category-------
The UE shall be able to support in parallel per category up to Ecat reporting criteria according to table 8.2.2-1. If the UE is not configured with SCell carrier frequencies, for the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter frequency cells, and inter-RAT per supported RAT, the UE need not support more than 21 reporting criteria in total. If the UE is configured with SCell carrier frequencies, for the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter frequency cells, and inter-RAT per supported RAT, the UE need not support more than 30 (in case more than 1 secondary component carriers are configured, FFS) reporting criteria in total.
Table 8.2.2-1: Requirements for reporting criteria per measurement category

	Measurement category
	Ecat
	Note

	Intra-frequency
	9
	E-UTRA intra-frequency cells

	Inter-frequency
	7
	E-UTRA inter-frequency cells

	Inter-RAT (E-UTRAN FDD or TDD, UTRAN FDD, UTRAN TDD, GSM, cdma2000 1 x RTT and HRPD)
	5
	Only applicable for UE with this (inter-RAT) capability. This requirement (Ecat = 5) is per supported RAT.

	Note: When the UE is configured with SCell carrier frequencies, Ecat for Intra-frequency is applied per intra-frequency.


-------End of Text proposal-------
Regarding reporting criteria for inter-frequency, up to 5 CCs are configurable for CA so that the number of reporting criteria per inter-frequency can be increased since the current requirement 7 is not scaled by the number of carrier frequencies which UE is requested to measurement. Therefore, it is suggested that the increase of reporting criteria per inter-frequency should be studied for CA operations.
Proposal 3: The increase of reporting criteria per inter-frequency should be studied for CA operations.
Based on the above analysis, we propose the following proposals:
Proposal 1: Maximum allowed layers for multiple monitoring in connected mode should be kept as Rel.8/ 9 irrespective of whether carrier aggregation is configured.
Proposal 2: The UE which is configured with SCell carrier frequencies should need to support more than 30 reporting criteria in total and FSS in case of more than 2 CCs.
Proposal 3: The increase of reporting criteria per inter-frequency should be studied for CA operations.
3
Conclusions
This contribution discussed each UE RRM capabilities such as the number of carrier frequencies and events for parallel monitoring for CA, and made some proposals of necessary changes on the specification which should be defined in TS36.133 [2] to ensure appropriate CA mobility operations. The discussions and proposals above should be taken into account when the UE capabilities of RRM for CA are defined in the specification.
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