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1 Introduction

In last RAN4 meeting, the LTE450 (Band 31) was introduced into TS 36.101. For RRM/RLM parts, a wayforward was agreed in R4-133038, and the necessary RRM/RLM tests shall be considered in 36.133. Since radio link monitoring is the basic function for the UE to evaluate the downlink radio link quality of the serving cell, it’s a quite important feature for the UE. Currently, in 36.133 Section 7, the requirements are defined as (take out-of-sync for example)
	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 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 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.


We can see that the number of control OFDM symbol is different for 5MHz and 10MHz case. And in current RLM test, only 10MHz case is defined. Therefore, for the single band UE, the RLM test on 5MHz needs to be introduced.
In this contribution, we give the simulation results on RLM of 5MHz, and compared the simulation results in R8. Based on the simulation results, we proposed the SNR values and how to introduce the RLM tests. 
2 Simulation Assumptions
The general RLM simulation parameters can be listed in Table 1. For other parameters, they can be referred in 36.133.
Table 1. Simulation Parameters for serving cell
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly.

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = 1 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	Number of Control symbol
	3

	System Bandwidth
	5MHz

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.

	Cyclic prefix
	Normal

	Blind decoding
	Not taken into account in the simulations

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 

	Serving cell SNR
	-14dB to 0dB

	Channel
	ETU70


3 Simulation Assumptions

The 1A/1C performance can be shown in Figure 1.
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Figure 1. The RLM performance for 1A and 1C in 5MHz

Based on the simulation results, the 1A and 1C curves achieve quite approaching curves with the R8 results. The comparisons can be shown in Table 2.

Table 2. The 1A and 1C curves comparisons with 10MHz and 5MHz
	
	10MHz
	5MHz

	Qout
	-10dB
	-9.6dB

	Qin
	-5dB
	-4.8dB


It can be seen that, the difference between 10MHz and 5MHz is quite limited, within 0.5dB. Therefore, the SNR threshold in 10MHz can be reused for 5MHz RLM tests.
Proposal: Due to the limited performance difference between 10MHz and 5MHz, the SNR values in 10MHz bandwidth RLM tests of Rel-8 can be reused for RLM test for 5MHz bandwidth.
4 Conclusion
In this contribution, we give the simulation results on RLM of 5MHz. Based on the simulation results, we can obtain the following proposal:

Proposal: Due to the limited performance difference between 10MHz and 5MHz, the SNR values in 10MHz bandwidth RLM tests of Rel-8 can be reused for RLM test for 5MHz bandwidth.
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