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1 Introduction
In RAN #67, the work item of “LTE DL 4 Rx antenna ports” was approved [1]. The WI aims to define core and UE performance requirement for LTE with 4 Rx AP. For the core part requirement, both RF core requirement and RRM requirement are included, where the objectives for RRM core requirements are the following:
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

In this contribution, we share our views on the issues of RLM requirements for 4Rx antenna ports, and provide the link level simulation assumption for the tests of 4Rx antenna ports RLM requirements. 
2 Simulation assumptions for 4Rx RLM
As a 4Rx UE may have more diversity gain than a 2Rx UE, it is anticipated that a UE with 4Rx antennas should be able to provide better coverage than a UE with 2Rx antennas. Then for the RLM performance, the Qin and Qout thresholds for 4Rx should be different to that for 2Rx with the parameters in TS 36.133 for RLM tests except the antenna configurations. In this section, we will discuss the link level simulation assumption for the tests of 4Rx antenna ports RLM requirements.
For the PDCCH/PCFICH parameters setup, the following parameters should be considered for both in-sync and out-of-sync:
· L1 evaluation period
· DCI format
· aggregation level (CCE)
· Ratio of PDCCH RE energy to average RS RE energy 
· Ratio of PCFICH RE energy to average RS RE energy
· antenna configuration 
· channel model
The setup of L1 evaluation period and DCI format should be independent to the antenna configuration of the UE, so the legacy L1 evaluation period and DCI format should be reused for 4Rx.

The aggregation level for single, two and four antenna ports are specified in Table 7.6.1-1 and Table 7.6.1-2 in TS 36.133 respectively. For the out-of-synchronization tests, the minimum code rate or equivalently the maximum aggregation level for each BW ( eg. aggregation level =8 for 10MHz) are used. For the in-synchronization tests, typical code rate are used. We prefer the configurations to be reused for 4Rx antenna ports.

For the antenna configurations, 1x4, 2x4, and 4x4 should be included, and both low correlation and medium correlation should be considered.

For the channel model, the legacy channel model for RLM should be reused. i.e. both AWGN and ETU70 should be considered.

Based on the above analysis, the simulation assumptions for 4Rx RLM are provided as following:
Table 1 PDCCH/PCFICH transmission parameters for out-of-sync of 4Rx
	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.

	Antenna Configuration
	1x4 ; 2x4; 4x4

	Correlation of Antennas
	Medium, low 

	E-UTRA Channel Bandwidth
	10 MHz

	Channel model
	ETU 70, AWGN

	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 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 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.

	Antenna Configuration
	1x4 ; 2x4; 4x4

	Correlation of Antennas
	Medium, low 

	Channel model
	ETU 70, AWGN

	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.


3 Simulation results and discussion
Figure 1 and Figure 2 show the PDCCH BLER of 2Tx2Rx and 2Tx4Rx for out of synchronization and in synchronization respectively with the simulation assumptions shown in Table 1 and Table 2.
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Figure 1 PDCCH BLER of 4Rx RLM (out of synchronization)
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Figure 2 PDCCH BLER of 4Rx RLM (in synchronization)
The SNR points corresponding to Qout (BLER of 10% )and Qin(BLER of 2%) are summarized in table 3. The difference of SNR of 4Rx compared to that of 2Rx is shown in Table 4.

	Table 3 SNR points of Qout and Qin

　[dB]
	2x2Low
	2x4Low

	Qout(10%)
	 -8.1
	 -10.2

	Qin(2%)
	 -3.2
	 -6


Table 4 SNR difference between 2Rx and 4Rx
	　[dB]
	2x2Low
	2x4Low

	Qout(10%)
	0 
	 -2.1

	Qin(2%)
	0 
	  -2.8


Based on the summarized results, we can see that
Observation 1 The difference of performance between 2Tx2Rx and 2Tx4Rx is more than 2dB for both Qout and Qin.

From the observation, the performance difference of 2Rx and 4Rx is large and easy to be differentiated. 

 Proposal 1 RLM tests should be specified for 4Rx antenna ports.
4 Conclusions
In this contribution, we provide the preliminary evaluations on RLM for 4Rx antenna ports and discuss the simulation assumptions for the tests. Based on the evaluation, it is observed that:
Observation 1 The difference of performance between 2Tx2Rx and 2Tx4Rx is more than 2dB for both Qout and Qin.

Based on the observation and analysis, we propose that

Proposal 1 RLM tests should be specified for 4Rx antenna ports.

Proposal 2 Use the simulation assumptions provided in Table 1 and Table 2 for 4Rx antenna ports RLM tests.
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