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1. Introduction

The existing radio link monitoring (RLM) requirements have been specified assuming 2 Rx in the UE. RAN4 has to develop core requirements for low cost MTC UE with 1 Rx as low cost UE may have single Rx [1]. We briefly discussed possible impact of 1 Rx UE implementation on the RLM requirements [2]. 
In this paper we further analyse the impact of having 1 Rx in the low cost MTC UE on the RLM requirements. 
2. RLM Performance Parameters 

The RLM requiremets consists of several parameters namely:

1. Out of sync (OOS) and in sync (IS) thresholds: 10% and 2% of hypothetical BLER of PDCCH respectively.

2. The evaluation period of DL radio signal quality for OOS and IS detections

3. PDCCH/PCFICH transmission parameters for applicability of OOS and IS detection (see Annex A)
We suggest that the existing OOS and IS thresholds are also applicable for low cost MT UE with 1 Rx. This is because these are ultimate quality targets, which have been estiablised since Rel-8 independent of receiver type. Naturally SNR levels for OOS and IS will be affected and will be defined in the RLM related test cases for low cost MTC UE with 1 Rx. However it is important from system perspective that the OOS and IS occur at reasonable level of SNR for 1 Rx. If the desired OOS and IS quality targets cannot be met then some of the RLM transmission parameters have to be modified. To ascertain whether the current settings are feasible in the next section we re-evaluate the PDCCH/PCFICH transmission parameter settings for low cost MTC UE with single Rx.
3. Link simulation Results

The link simulation results in terms of SNR versus PDCCH hypothetical BLER for IS and OOS are shown in figures 1 and 2 respectively. The results are provided for both 1 Rx and 2 Rx for different CCE (4 and 8) for IS) and for CCE = 8 for OOS. The simulations assumptions for IS and OOS are shown in table 1 and table 2 respectively:
Table 1: PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration
	2x1 or 2x2

	Channel model
	ETU low 30 Hz

	Aggregation level (CCE)
	4 or 8

	Ratio of PDCCH RE energy to average RS RE energy
	-3 dB or 0 dB

	Ratio of PCFICH RE energy to average RS RE energy
	1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

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


Table 2: PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration
	2x1 or 2x2

	Channel model
	ETU Low 30 Hz

	Aggregation level (CCE)
	8

	Ratio of PDCCH RE energy to average RS RE energy
	1 dB or 4 dB

	Ratio of PCFICH RE energy to average RS RE energy
	1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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Figure 1: IS detection performance for 1 Rx and 2 Rx in UE
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Figure 2: OOS detection performance for 1 Rx and 2 Rx in UE

4. Analysis of Results
In case of IS we observe significant difference between 1 Rx and 2 Rx performances in terms of required SNR to achieve the target 2% PDCCH BLER for the same CCE and PDCCH power boosting (PDCCH power to RS power). The difference can be as large as 6 dB. However by increasing CCE and/or boosting power on PDCCH/PCFICH, the SNR at which the IS occurs can be considerably lowered. 
In case of OOS we observe also significant difference between 1 Rx and 2 Rx performances in terms of the required SNR corresponding to the OOS target of 10% PDCCH BLER for the same CCE (8) and same or similar PDCCH power boosting (PDCCH power to RS power). The different though substantial (around 4 dB) but is less than in case of IS. In OOS there is no room to increase CCE. So for OOS the only option is to boost the PDCCH/PCFICH in order to achieve reasonable level of SNR at which OOS occurs. 
· Proposal # 1: The existing OOS and IS quality targets of 10% and 2% respectively in terms of hypothetical PDCCH BLER are also used for MTC UE with 1 Rx.
· Proposal # 2: RAN4 studies the impact of MTC UE with 1 Rx on PDCCH/PCFICH transmission parameters (e.g. CCE and PDCCH/PCFICH to RS power ratio) used for IS and OOS.
5. Summary
In this paper we have provided initial simulation results to study the impact of low cost MTC UE with 1 Rx on RLM. The results show that PDCCH/PCFICH transmission parameter settings assumed in the RLM requirements need to be studied. The following are the main proposals:
· Proposal # 1: The existing OOS and IS quality targets of 10% and 2% respectively in terms of hypothetical PDCCH BLER are also used for MTC UE with 1 Rx.

· Proposal # 2: RAN4 studies the impact of MTC UE with 1 Rx on PDCCH/PCFICH transmission parameters (e.g. CCE and PDCCH/PCFICH to RS power ratio) used for IS and OOS.
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Annex A
Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync [TS 36.133]
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 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 PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

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

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in 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 [TS 36.133]
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 10 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 PCell.

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

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

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

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


