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1. Introduction
Pico cell identification enhancements are to be considered under the Hetnet mobility SI [1]. This paper discusses issues on inter-frequency pico cell identification and measurements in Hetnet deployments. Based on the identified issues, this paper also attempts to clarify requirements for the Hetnet case and proposes a potential solution to fulfill the requirements. 
NOTE:
Hereinafter, cell identification and measurements are collectively called “measurements”.
2. Discussion
2.1. Inter-frequency measurement use cases
CA deployment scenario #4 can be considered as one of the Hetnet deployments [2]. In this scenario, Macro cells provide continuous coverage over a wide geographical area. Pico cells served by RRHs provide hot spot coverage to cope with a large amount of traffic in densely populated area. Both Macro and Pico cells can be served by multiple carriers, respectively. However, different carriers are used between Macro and Pico cells. Mobility is provided on carriers serving Macro cells. Namely, mobility between Macro and Pico cells is not required for CA operation. Pico cells are utilised to serve SCells. To look for candidate SCells (Pico cell), a UE has to perform inter-frequency measurements for carriers on which Pico cells are served.
2.2. Issues on inter-frequency pico cell measurements
For the candidate SCell (pico cell) discovery, the following issues can be envisaged:
Issue 1: UE power consumption
The UE may always have to perform inter-frequency measurements as illustrated in Fig.1, since the UE would not know when a pico cell is available. This is a different use case than in Homogeneous deployments where inter-frequency measurements are performed only when needed. Examples are inter-frequency handover at carrier boundaries (Case 1 in Fig.2) and load balancing handover between carriers (Case 2 in Fig.2). 
UE assistance information (e.g., proximity indication, location information [3, 4, 5]) could help an eNB learn about the right timing when the measurement is performed. However, obtaining the assistance information itself may also consume a UE battery. Therefore, the following requirement should be taken into account:
Requirement 1:

UE power consumption for inter-frequency pico cell measurements in Hetnet deployments should be minimised.
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Fig.1
Inter-frequency measurements in Hetnet deployments.
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Fig.2
Inter-frequency measurements in Homogeneous networks.
Issue 2: U-plane interruption on serving cells
To measure inter-frequency cells, the UE needs to be configured with measurement gaps. DL/ UL data transmission on the serving cell is interrupted by the measurement gap. That is another reason why inter-frequency measurements are performed only when needed. If the UE is always required to perform the gap assisted measurement to look for candidate SCells (pico cell) in Hetnets, data throughput on the serving Macro cells will be considerably deteriorated. Therefore, the following should also be taken into account:
Requirement 2:

U-plane interruption on the Macro serving cells caused by inter-frequency pico cell measurements should be minimised.

Issue 3: Required measurement period
Required measurement period (TIdentify_Inter) is in proportion to the total number of frequencies being measured (Nfreq) as specified in [6]. If inter-frequency pico cells are measured together with inter-frequency macro cells, the measurement period will be increased due to the increase of the measured frequencies. The longer measurement period would degrade mobility performance served by Macro cell carriers. Therefore, the following should also be taken into account:
Requirement 3:

Mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency pico cells.
Issue 4: Maximum number of inter-frequencies UE is capable of measuring
For FDD, the UE is required to be capable of measuring up to three inter-frequencies at the same time (8.1.2.1.1.1 of [6]). If multiple carriers are available for both Macro and Pico cells and measurements are performed for both cells, the maximum nuber defined currently would not be sufficient. Therefore, the following should also be taken into account:
Requirement 4:

The UE should be able to measure a sufficient number of inter-frequencies in Hetnet deployments.

Issue 5: Pico cell measurements in high speed environments
In high speed scenarios, the UE may not have enough time to measure pico cells, which would degrade mobility performance. However, UEs are most likely to move at the pedestrian speed in typical Hetnet deployments [7]. As such, the issue in high speed scenarios will not be fundamental. Instead, the following should also be taken into account:
Requirement 5:

Performance requirements for inter-frequency measurements should focus on low mobility scenarios. 

2.3. Potential solution
Potential solutions fulfilling Requirement 1-5 are analysed below.
To fulfill Requirement 1, one approach is to relax measurement performance requirements. For instance, longer measurement period and relaxed Es/Iot conditions defined for measurement accuracy [6] can be considered. In general, such relaxed requirements are not acceptable to the conventional homogeneous network. However, if we can focus on low mobility scenarios for the candidate SCell (pico cell) discovery in HetNet scenarios (Requirement 5), the relaxed measurement performance would be acceptable. 
To fulfill Requirement 3 and 4 implies that the measurement performance requirements applied to Macro cell carriers should be kept as is. Hence, the relaxed performance requirements for the candidate SCell (pico cell) discovery cannot be applied. In order to fulfill Requirement 3 and 4 together with Requirement 1, NW has to be able to apply different performance requirements to Macro and Pico cells at the same time. To do this, the eNB needs to be able to configure the UE with two inter-frequency measurements to which different performance requirments are applied. One is for Macro cell carriers, and the other is for Pico cell carriers for the candidate SCell discovery. It is also noted that Pico cell carriers should not be counted for the number of inter-frequencies carriers for Macro cell to meet Requirement 4.
To fulfill Requirement 2, inter-frequency measurements need to be performed without gap assistance. CA capable UEs will be able to do this, since the CA capable UE can activate multiple RF circuits for supporting combination bands simultaneously. Nevertheless, Rel-10 CA papable UEs are not mandated to be able to do this, which is up to UE implementation. The possibility of mandatory support for CA capable UEs can be considered.
In summary, the following can be considered as a potential solution:

· Relaxed performance requirements (e.g., longer measurement period and relaxed Es/Iot conditions) are applied to inter-frequency pico cell measurements.
· Measurement control scheme is enhanced, so that the eNB can configure the UE with two inter-frequency measurements to which different performance requirements are applied.
· CA capable UEs should be able to measure inter-frequency pico cells for supporting combination bands without gap assistance. 
Bullet #1 needs to be consulted by RAN4. RAN2 can discuss Bullet #2 for further. 
3. Summary and proposal
This paper clarified requirements for inter-frequency pico cell measurements based on Hetnet deployment use cases. In conclusion, the followings are proposed:
Proposal 1:
RAN2 is kindly asked to discuss whether the following requirements for inter-frequency pico cell measurements can be agreed:

Requirement 1:

UE power consumption for inter-frequency pico cell measurements in Hetnet deployments should be minimised.
Requirement 2:

U-plane interruption on the Macro serving cells caused by inter-frequency pico cell measurements should be minimised.
Requirement 3:

Mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency pico cells.
Requirement 4:

The UE should be able to measure a sufficient number of inter-frequencies in Hetnet deployments.
Requirement 5:

Performance requirements for inter-frequency measurements should fulfill low mobility scenarios.
Proposal 2:
RAN2 is kindly asked to discuss the following as one of potential solutions under the Hetnet SI together with RAN4.
· Relaxed performance requirements (e.g., longer measurement period and relaxed Es/Iot conditions) are applied to inter-frequency pico cell measurements (RAN4).

· Measurement control scheme is enhanced, so that the eNB can configure the UE with two inter-frequency measurements to which different performance requirements are applied (RAN2).
· CA capable UEs should be able to measure inter-frequency pico cells for supporting combination bands without gap assistance (RAN4).
4. References
[1] RP-110709, “Study on Hetnet mobility enhancements for LTE,”
[2] TS 36.300, “Overall description; Stage 2,” v10.5.0.
[3] R2-114951, “Discussion on enhancement of small cell discovery,” ZTE.
[4] R2-115139, “Enhancement of proximity indication in heterogeneous networks,” Renesas Mobile Europe Ltd.
[5] R2-115228, “Inter-Layer small cell discovery,” MediaTek

[6] TS 36.133, “Requirements for support of radio resource managfement,” v10.4.0.
[7] R2-114174, “Consideration on Hetnet mobility simulation assumptions,” NTT DOCOMO, INC.
PAGE  
4

