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1 Introduction

The TDD DC RLM test cases for dual connectivity were added into the specification of TS 36.133, however, the SNR levels for 5MHz and 20MHz tests have not been defined yet. In RAN4#75 meeting, the link level simulation assumptions were agreed for deriving the SNR levels for DC RLM tests. In this contribution, we provide simulation results of PDCCH performance, and the SNR values in 5MHz and 20MHz RLM test are proposed based on the simulation results.
2 Discussions
2.1 Simulation assumptions

The simulation assumptions for deriving the SNR levels to be used in the DC RLM tests were agreed in [1], and the simulation parameters can be listed in Table 1 and Table 2.
Table 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 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.

	Special subframe configuration
	6

	Uplink-downlink configuration
	1

	E-UTRA Channel Bandwidth
	5MHz, 20 MHz

	Propagation condition
	ETU 70, 2x2 Low

AWGN, 1x2 Low

	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.


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.

	Special subframe configuration
	6

	Uplink-downlink configuration
	1

	E-UTRA Channel Bandwidth
	5MHz, 20 MHz

	Propagation condition
	ETU 70, 2x2 Low

AWGN, 1x2 Low

	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.


2.2 Simulation results
Based on the agreed assumptions, the PDCCH BLER simulation results with different channel bandwidths are shown in Fig. 1-Fig. 2. For comparison purposes the PDCCH BLER for 10 MHz channel is also plotted. 
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Figure 1: PDCCH performance for AWGN (1x2)
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Figure 2: PDCCH performance for ETU70Hz (2x2)
From the simulation results the Qin and Qout levels can be derived as follows in the Table 3, which includes the verification point for 5MHz, 10MHz and 20MHz channel bandwidth.
Table 3: SNR value of Qin/Qout with 1Tx (Unit: dB)

	Verification point
	20MHz
	5MHz
	10MHz(baseline)

	
	AWGN 1x2
	ETU70 2x2
	AWGN 1x2
	ETU70 2x2
	AWGN 1x2
	ETU70 2x2

	Qout
	-12.34
	-10.80
	-11.86
	-9.38
	-12.14
	-10.14

	Qin
	-7.24
	-6.23
	-7.18
	-4.90
	-7.21
	-5.55


The SNR levels used for the 10MHz tests were derived by adding some margins to the Qin and Qout levels. Then, the SNR values in 20MHz and 5MHz RLM tests could be derived by using the same methodology. 

For AWGN, the performance difference among three channel bandwidth is quite limited. Therefore, the SNR levels in 10MHz can be reused both for 5MHz tests and 20MHz tests. For ETU 70Hz, due to the frequency diversity, there is about 0.7dB difference in performance of the 5MHz (or 20MHz) channel compared to the 10MHz channel. In specification of 36.133, the DC RLM test for out-of-sync is testing under ETU70 channel, and the DC RLM test for in-sync is testing under AWGN channel. Hence, the proposed SNR levels are as follows:
Table 4: Recommended SNR values (Unit: dB)

	SNR Value
	20MHz
	5MHz
	10MHz (baseline)

	
	AWGN 1x2
	ETU70 2x2
	AWGN 1x2
	ETU70 2x2
	AWGN 1x2
	ETU70 2x2

	SNR1
	-5.1
	-2.3
	-5.1
	-1.6

(10MHz + 0.7dB)
	-5.1
	-2.3

	SNR2
	-9.1
	-5.9
	-9.1
	-5.2
(10MHz + 0.7dB)
	-9.1
	-5.9

	SNR3
	-13.1
	-12.6
(10MHz - 0.7dB)
	-13.1
	-11.9
	-13.1
	-11.9

	SNR4
	-9.1
	-
	-9.1
	-
	-9.1
	-7.3

	SNR5
	-5.1
	-
	-5.1
	-
	-5.1
	-2.3


Based on the SNR values in table 4, the following proposals are obtained:
Proposal 1: For in-sync RLM tests under AWGN, the same SNR values in 10MHz bandwidth can be reused for the RLM tests of 5MHz and 20MHz bandwidth.

Proposal 2: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 20MHz bandwidth are proposed as -2.3dB, -5.9dB, -12.6dB.
Proposal 3: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 5MHz bandwidth are proposed as -1.6dB, -5.2dB, -11.9dB.
3 Conclusion

In this paper we presented the simulation results for PDCCH BLER to be used in defining the SNR test points in DC RLM test cases for 5MHz TDD DC RLM test and 20MHz TDD DC RLM test.
Proposal 1: For in-sync RLM tests under AWGN, the same SNR values in 10MHz bandwidth can be reused for the RLM tests of 5MHz and 20MHz bandwidth.

Proposal 2: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 20MHz bandwidth are proposed as -2.3dB, -5.9dB, -12.6dB.

Proposal 3: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 5MHz bandwidth are proposed as -1.6dB, -5.2dB, -11.9dB.
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