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1. Introduction
Extending ICIC to include time domain and power control components have been proposed as two key techniques to mitigate interference for control and data channels for eICIC in a heterogeneous network. For time-domain based eICIC, subframes are partitioned among eNBs to allow a UE to be served by an low-power eNB that may not be the strongest cell in terms of DL SINR but  the best cell to serve the UE in order to optimize system performance. However, it has been found that Rel-9 RLM and RRM procedures do not allow a UE to connect to a weak cell even with significant interference reduction over some subframes as result of TDM based eICIC [1]. In this document we propose a framework to address the RLM and RRM procedures and performance requirements as part of the  TDM based eICIC.

The proposals in this document strive to minimize the number of new requirements and tests and to maximize reuse of existing requirements and tests.
2. Discussion

In the RAN1 discussion, TDM resource partitioning and power control have been proposed as the baseline solution for co-channel Hetnet deployments. In [1], we evaluated the RRM scenarios for macro-femto deployments and macro-pico deployments with TDM based eICIC schemes. Based on the simulation results, it was concluded that a UE should perform RLM,RSRP/RSRQ measurement, and channel measurement only on a restricted set of subframes signaled by the network. 

The measurement performance over restricted subframes is expected to be similar to that of the LTE TDD system. In the case of macro-femto deployment, a macro UE under high femto jamming will enjoy high SINR over subframes vacated by femto. When measurements are performed over this restricted set of subframes, the measurement accuracy would be similar to that in an interference-free system at the same SINR.
2.1. Radio link monitoring

The physical layer in UE is required to assess radio link quality and indicate out-of-sync to higher layers when the radio link quality is worse than a threshold Qout. When the radio link quality is better than a threshold Qin, the physical layer in the UE is expected to indicate in-sync to higher layers. Qout and Qin are defined as 10% and 2% BLER of hypothetical PDCCH reception.
In the case of TDM resource partitioning for macro and femto co-existence, a femto cell may, for instance, only transmit PDSCH on even subframes. In this case, a macro UE that is deep inside the femto cell coverage area would suffer from strong interference on even subframes but enjoy no data interference on odd subframes. If the PDCCH BLER is close to 100% in even subframes and the PDCCH  BLER is << 10% in odd subframes, the averaged BLER would be far above the Qout threshold and UE would declare RLF according to the Rel-9 RLM procedure. On the other hand, if RLM procedure is performed only on a subset of odd subframes in the above example, the measured link quality would be similar to the measured link quality in the absence of femto cell thanks to TDM resource partitioning, and UE wouldn’t declare RLF. Hence, it is proposed that additional RLM test be introduced to ensure proper RLM performance with TDM resource partitioning. Note that signalling support for the set of subframes to be used for RLM measurement is out of the scope of this contribution.
Proposal A: eICIC RLM procedure should be tested under  the coverage of an interfering cell with TDM resource partitioning to ensure proper UE measurements based only on a subset of subframes.
In terms of the performance requirements, TDM interference coordination would imply some of the subframes should be excluded for measurement purposes. This is similar to the measurement procedures under LTE TDD configurations where only a subset of subframes are available for RLM procedures. Hence, it is expected that many of the testing conditions of existing TDD test cases could be reused for eICIC RLM performance tests.
Proposal B: Existing LTE TDD requirements and SNR set points could be reused for eICIC RLM procedures.
2.2. Connected state measurements

2.2.1. Intra-frequency measurements

In Rel-9, intra-frequency measurement opportunities for UEs in connected state are not controlled by the network. As the result of of TDM resource partitioning, a macro UE could experience significantly different SINR over different subframes. With the current measurement procedure, a UE may potentially have very poor RSRP measurement quality for some or all intra-frequency nodes if subframes with strong interference are included in the UE for RRM measurements.

Different from RLM procedures, RRM measurements need to be performed not only for the serving cell but also for neighboring cells. In a network with TDM resource coordination between nodes, an eNB is expected to have the knowledge of the “clean” subframes of its neighboring cells on the same frequency. For connected mode UEs, the serving cell could configure intra-frequency measurements over only the clean subframes of neighboring cells. Detailed signaling design is out of the scope of this contribution. Considering the case when a macro UE is under severe interference from a femto cell and subframes partitioned between the serving macro cell and the femto cell, the serving macro cell has full knowledge of the subframes that the interfering femto cell is not allowed to transmit. The macro UE could be configured to measure other macro or pico cells on the same frequency only on the “clean” subframes. 
Based on the discussion above, the connected state intra-frequency measurement issue is similar to the RLM issue for the serving cell. Hence, we propose to adopt an equivalent set of requirements for connected state intra-frequency measurements as in proposals A and B.
2.2.2. Inter-frequency and inter-RAT measurements

Hand-in and hand-out procedures should be considered when inter-frequency and inter-RAT measurement requirements are defined. Table 2 enumerates the cases where both the serving cell and the target cell could be one of the three types: EUTRA with eICIC, EUTRA without eICIC, and other RAT. Among all combinations, the new cases that are not defined in Rel-9 include the scenarios with either the serving or target cells being EUTRA with eICIC. 
In the case where the serving cell is an EUTRA cell with eICIC, some of the subframes might not be available for DL/UL scheduling on the serving frequency. This however does not impact the Rel-9 gap patterns for inter-frequency and inter-RAT measurements. In fact, the performance loss due to the measurement gaps is expected to be smaller compared to Rel-9, since some of the subframes during the gap are already not usable on the serving frequency. 
In the case where the target frequency has EUTRA cells with eICIC, some of the subframes might see higher interferences compared to other subframes. In this case, if we would like to perform inter-frequency/RAT measurement to weak cells, the TDM pattern and UE measurement gap need to be tightly synchronized. Given the asynchronous nature of different frequencies and RATs and limited backhaul information exchange, it might not be feasible to assign proper gap pattern that could consistently capture the clean subframes on a target EUTRA frequency with eICIC. Considering the time constraint of Rel-10, we propose to exclude measurement requirements to very weak cells in the baseline requirements of inter-frequency / RAT measurements.
Table 2 Inter-Frequency/RAT Measurements
	
	Serving Freq:  EUTRA
	Other RAT

	
	EUTRA, non-eICIC
	EUTRA, eICIC
	

	Target Freq: EUTRA
	EUTRA, non-eICIC
	-
	No impact
	-

	
	EUTRA, eICIC
	Not required to measure very weak cells
	Not required to measure very weak cells
	Not required to measure very weak cells

	Other RAT
	-
	No impact
	-


Proposal C: eICIC connected state inter-frequency and inter-RAT measurement procedures and requirements remain unchanged from Rel-9.
2.3. Idle state measurements

In idle state, cell reselection is based on frequency priority and serving cell paging reliability. The measurement accuracy of RSRP and RSRQ over the proper subframes on a frequency with TDM resource partitioning is crucial to ensure the paging reliability.
2.3.1. Intra-frequency measurements

In the case of intra-frequency measurements, there is no restriction in Rel-9 on which subframes is used for RSRP/RSRQ measurements. In the case of TDM-based eICIC, measurement inaccuracy of RSRP and measurement variation of RSRQ, if subframes with strong interference are include, could lead to unnecessary search and/or reselection. Therefore, UE should be configured to perform the measurements only over clean subframes. Note that the set of clean subframes used for idle state measurement procedures are expected to be updated at a slow time scale such that there is little/no impact on idle UE battery consumption. If the serving cell measurement is below Sintrasearch, a UE is required to measure other cells on the same frequency. Considering the case of a macro UE under strong interference from a femto cell, clean subframes used to measure the serving cell are free of femto interference. Hence, the same set of subframes could be used to measure other neighboring cells. 
2.3.2. Inter-frequency and inter-RAT measurements

For inter-frequency and inter-RAT measurements, it is expected that eICIC should not have any impact on the measurements on other frequency/technology. If a UE camped on other frequency/RAT would like to measure an EUTRA frequency with TDM resource partitioning, we propose to keep the Rel-9 procedure/requirements at the cost of no idle state cell reselection to a very weak cell. 
Based on the discussion above, we propose the same set of requirements as those for connected state measurements. 
3. Conclusions

In this document, we summarized the RLM and RRM impact of the eICIC work item to RAN4. In conclusion, we proposed to introduce additional requirements and tests for RLM and intra-frequency measurements. At the same time, we believe Rel-9 inter-frequency/RAT measurement procedures and requirements. Detailed proposals are shown below:
Proposal A: eICIC RLM and intra-frequency measurements should be tested under dominant interference with TDM partitioning to ensure proper UE measurements based only on a subset of subframes. 
Proposal B: Existing LTE TDD requirements and SNR set points could be reused for eICIC RLM and intra-frequency measurement procedures.
Proposal C: eICIC inter-frequency and inter-RAT measurement procedures and requirements remain unchanged from Rel-9.
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