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1 Introduction

During the last meetings, the RAN4 work on eICIC has been focusing on RRM [1,2], RLM [3] link-level studies as well as system-level [4] studies for identifying typical interference levels in heterogeneous deployments. The group has also discussed the applicability of different ABS patterns from both link and system point of view (e.g., in [5,6,7]). The intention with the current contribution is to summarize the up-to-date on-going work and build up a framework for defining Rel-10 intra-frequency eICIC requirements for RRC_CONNECTED state, in particular for intra-frequency RRM, RLM and UE Rx-Tx requirements.
2 Measurement patterns for new requirements
At a high level, RRM, RLM and UE Rx-Tx measurement requirements are determined by a measurement period, the number of measurement occasions and side conditions specifying interference levels at which the requirements shall hold. Both the interference levels and the number of subframes available for the measurements change with heterogeneous deployments and thus have to be justified for the new requirements enabling eICIC from both the link- and system-level point of view [5]. It is also a common understanding that the new requirements shall not be tied to a specific pattern but rather specified in a generic way with respect to a blanking rate. 

From the system-level point of view, since lightly and medium loaded networks may be expected in very many cases, especially in the initial deployment phase, it may be expected that low blanking rate patterns will be commonly used [7]. Therefore, to ensure that the network and UE performance do not degrade with introducing ABS patterns at low and medium traffic load, the minimum requirements have to be specified for the lowest blanking rate that will be used in real networks. It is also obvious that the requirements will be automatically met for patterns with a higher blanking rate. 
Proposal 1: The new requirements shall apply for all measurement patterns with a blanking rate of at least 1/8 for FDD and 1/10 for TDD, with at least one consecutive subframe available for measurements.
3 PCI planning and CRS collisions

Different opinions regarding CRS collision have been discussed during the eICIC work. Assuming that CRS collision between an aggressor and victim cell can be avoided by inter-layer PCI planning essentially implies that a group of PCIs is reserved e.g. for macro cells and another group of PCIs is reserved for pico cells, which would, however, mean a strong limitation on network planning and may negatively impact the network performance. Such an assumption is likely to result in a very pessimistic network planning in order to account for future deployment of lower-power nodes, to avoid replanning PCIs in the entire network. Note also that PCI planning for macro network is a rather complicated task and is therefore rather static. The number and locations of lower-power nodes in an area, on the other hand, may change rather dynamically.

Proposal 2: Since the requirements have to be generic, scenarios with CRS collisions have to be accounted for, when specifying new requirements.
4 Measurement period and side conditions for the requirements with eICIC
4.1 RRM requirements

The reduced, compared to legacy UEs, sampling rates associated with the low blanking rate patterns for RSRP and RSRQ requirements may be acceptable with the Rel-8 requirements (see e.g. [9]) and CRS Ês/Iot(-6 dB, which is also the detectable cell level for UEs in RRC_CONNECTED, i.e. the synchronization signals side condition defined for DRX and short DRX states.
To identify typical interference levels from the system point of view, it is not only the signal level of the serving cell that is important, which has mostly been studied so far, but also typical signal levels for the N-th best neighbour, e.g. N=3. Thus, even though the serving cell Ês/Iot in all studied scenarios with e.g. zero offset is above -6 dB, Ês/Iot (-6 dB still may or may not be enough to enable detection of the sufficient number of neighbors.
Proposal 3: Study typical interference levels for neighbour cells for the same scenarios as in [4].
The interference levels for the new requirements are likely to be determined by the cell search performance, i.e., the interference level is related to non-ABS subframes and the cell has to be detectable at that level with a Rel-8/9 receiver. CRS in subframes with ABS configured have more advantageous interference conditions than synchronization signals which experience high interference due to not using subframe shift [5].
Observation 1: Restricted measurement subframes with configured ABS facilitate RSRP/RSRQ measurements but not cell detection; CRS Ês/Iot in ABS subframes cannot be lower than the cell detection level in the requirements.
For RRM measurements, the following Ês/Iot ranges have been studied by link simulations [1,2]: 
· Option 1: [-10.4 dB, -6.2 dB],

· Option 2: [-16.4 dB, -12.2 dB].
The requirements shall be defined for typical levels obtained in system simulations, i.e. the feasible from the system point of view interference levels and the corresponding link results have to be selected from the ranges above. Furthermore, the difference between the serving and the strongest interferer in the measured subframes may also need to be specified in the new requirements. It is further emphasized that the difference shall also be determined from system simulations and but its feasibility verified by link simulations [1,2]. Thus, the selected signal difference and interference levels shall be in a tight connection with each other.
Proposal 4: The RRM measurement requirements shall apply for Ês-(Ês)interf ([X] dB in the measured subframes, where (Ês)interf is the signal level of the strongest interferer, and the condition shall apply for SCH and CRS. The difference [X] dB shall be selected based on system and link results.
Proposal 5: The UE shall be capable of fulfilling the RRM requirements regardless of the CRS Ês/Iot and SCH Ês/Iot levels in the subframes that are not allowed for measurements.
4.2 RLM requirements

The same pattern blanking rate can be assumed for RLM as for RRM [6]. It has also been agreed that the RLM thresholds for Qin and Qout should be maintained (i.e., 2% and 10%, respectively) [5].

Proposal 6: The same Ês-(Ês)interf ([X] dB in the measured subframes shall be assumed for RLM as for RRM.
For RLM, the total Ês/Iot range for the serving cell that has been covered by link simulations [3] with different combinations of the serving cell SNR ([-14 dB, 0 dB]) and the interfering cell SNR (0 dB, 5 dB, 10 dB) is [-24 dB, 0 dB].

The relevant Ês/Iot levels from the range above are to be selected based on both system and link results [5] such that the selected levels are also aligned with Ês-(Ês)interf  justified by system simulations.
4.3 UE Rx-Tx requirements
The UE Rx-Tx requirements are defined for the serving cell and given by 

· the measurement accuracy, which depends on the measurement bandwidth, specified for CRS Ês/Iot(-3 dB, and 

· L1 measurement period (200 ms for non-DRX state).

From [8], it is evident that the UE Rx-Tx measurements have to be conducted in ABS subframes since otherwise the requirements are likely to apply in practice only in macro cells in scenarios with inter-site distance of 500 m and low-power nodes with not higher than 24 dBm transmit power.
To ensure good positioning performance and reliable UE Rx-Tx measurements with heterogeneous network deployments, it is proposed to extend the L1 measurement period depending on the serving cell measurement pattern and specify the same measurement period as for RSRP/RSRQ.

Proposal 7: The UE Rx-Tx L1 measurement period is [k*200] ms, for all serving cell measurement patterns with a blanking rate of at least [1/8] for FDD and [1/10] for TDD with at least 1 consecutive subframe available for measurements, while assuming the same measurement period as for RSRP/RSRQ.
5 Summary

The following have been proposed in the contribution:

Proposal 1: The new requirements shall apply for all measurement patterns with a blanking rate of at least 1/8 for FDD and 1/10 for TDD, with at least one consecutive subframe available for measurements.

Proposal 2: Since the requirements have to be generic, scenarios with CRS collisions have to be accounted for, when specifying new requirements.
Proposal 3: For RRM measurements, study typical interference levels for neighbour cells for the same scenarios as in [4].
Proposal 4: The RRM measurement requirements shall apply for Ês-(Ês)interf ([X] dB in the measured subframes, where (Ês)interf is the signal level of the strongest interferer, and the condition shall apply for SCH and CRS. The difference [X] dB shall be selected based on system and link results.
Proposal 5: The UE shall be capable of fulfilling the RRM requirements regardless of the CRS Ês/Iot and SCH Ês/Iot levels in the subframes that are not allowed for measurements.
Proposal 6: The RLM measurement requirements shall apply for the same Ês-(Ês)interf ([X] dB in the measured subframes as for RRM requirements.
Proposal 7: The UE Rx-Tx L1 measurement period is [k*200] ms, for all serving cell measurement patterns with a blanking rate of at least [1/8] for FDD and [1/10] for TDD with at least 1 consecutive subframe available for measurements, while assuming the same measurement period as for RSRP/RSRQ.
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