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1. Introduction
In the previous RAN4 meetings, a few agreements have been reached on both the core and performance part of the RLM requirements for eICIC. In this contribution, we summarize the agreements and propose to capture them in 36.133. In addition, we propose to address the remaining open issues on the test conditions. 

2. Discussion
During RAN4 #57AH and RAN4 #58, the principles of defining RLM requirements for eICIC have been agreed in [1] and [2], which could be summarized as following:

· Core requirements:

· Generic requirements are same for non-MBSFN-ABS and MBSFN-ABS, FDD and TDD.
· RLM thresholds for Qin and Qout should be maintained (10% and 2%).

· In-sync and out-of sync evaluation period remain unchanged compared to Rel-8/9, i.e., [100ms] and [200ms], respectively.
· Side conditions for tests
· Colliding CRS is precluded for non-MBSFN-ABS

· Colliding CRS in ABS+MBSFN is to be investigated

· Interferer cell SNR set to [5] dB in the test cases, subject to further verification.
· It is FFS how to reflect this condition in the core requirements definition.
The agreements on the core part of the RLM requirements should be reflected in the TS. The proposed text to TS 36.133 could be found in the Appendix. Note that additional text from 36.213 on the definition of RLM measurement restriction is included for clarification. The side condition of interfering pattern.
The remaining open issues for RLM requirements are test side conditions. In RAN4 #58, simulation results have been submitted on required SNR for Q_out and Q_in thresholds in radio link monitoring procedure for eICIC [3-7] based on simulation assumptions specified in [8]. A summary of simulation results could be found in [9]. One of the key agreements based on preliminary simulations is the interferer cell SNR level of 5 dB. Additional calibration would be required to finalize the test condition for the serving cell SNR values.

One remaining issue for RLM test condition is the use of extended PHICH. Based on simulations in [3-7], it was observed that the required Es/Iot values are more stable when extended PHICH is used. This is due to the by-passing of PCFICH detection, which impacts the PDCCH detection performance. In realistic deployments, it is expected that setting CFI to 3 could notably improve the PDCCH performance over ABS subframes.
Proposal: In RLM tests for eICIC, CFI of the target cell should be set to 3.
3. Conclusions

In this contribution, we summarized the agreements on RLM for eICIC from the previous RAN4 meetings. Core requirements in TS 36.133 were proposed according to the agreements. The corresponding CR could be found in [11]. One additional proposal is made on the CFI setting to be used in the RLM tests.
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Appendix Proposed changes to 36.133 section 7.6

-----------------------------Start of TP--------------------------
7.6
Radio Link Monitoring

7.6 .1
Introduction

The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell as specified in [3]. 

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell. 

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.
If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not be monitored in any subframe other than those indicated.

Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; [3] MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Note 1: DCI format 1A is defined in section 5.3.3.1.3 in 3GPP TS 36.212 [21].

Note 2: A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the serving cell

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the serving cell

	Note 1:
DCI format 1C is defined in section 5.3.3.1.4 in 3GPP TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


7.6.2
Requirements
7.6.2.1
Minimum requirement when no DRX is used 

When the downlink radio link quality estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication to the higher layers within [200] ms Qout evaluation period regarless of the higher layer signalling of restricted subframes for monitoring. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication to the higher layers within 100 ms Qin evaluation period regarless of the higher layer signalling of restricted subframes for monitoring. A L3 filter shall be applied to the in-sync indications as specified in [2]. 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.

The transmitter power shall be turned off within [40] ms after expiry of  T310 timer as specified in section 5.3.11 in [2]. 

7.6.2.2
Minimum requirement when DRX is used 

When DRX is used the Qout evaluation period (TEvaluate_Qout_DRX) and  the Qin evaluation period  (TEvaluate_Qin_DRX) is  specified in Table 7.6.2.2-1 will be used. 

When the downlink radio link quality estimated over the last TEvaluate_Qout_DRX [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication to the higher layers within TEvaluate_Qout_DRX [s] evaluation period regarless of the higher layer signalling of restricted subframes for monitoring. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

When the downlink radio link quality estimated over the last TEvaluate_Qin_DRX [s] period becomes better than the threshold Qin, Layer 1 of the UE shall send in-sync indications to the higher layers within TEvaluate_Qin_DRX [s] evaluation period regarless of the higher layer signalling of restricted subframes for monitoring. A L3 filter shall be applied to the in-sync indications as specified in [2].

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

Upon start of T310 timer as specified in section 5.3.11 in [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.

The transmitter power shall be turned off within 40 ms after expiry of T310 timer as specified in section 5.3.11 in  [2]. 

7.6.2.3
Minimum requirement at transitions 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation.

Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤0.04
	   Note (20)

	0.04 < DRX cycle ≤ 0. 64
	   Note  (10)

	0.64 < DRX cycle ≤ 2.56
	Note  (5)

	Note: Evaluation period length in time depends on the length of the DRX cycle in use
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