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1 Introduction

During several RAN4 meetings, the RRM requirements in high speed train were discussed and a consensus has been reached that RLM performance should be evaluated under the existing high speed channels. In last RAN4 meeting, a TP which provided the simulation assumptions on several existing scenarios was agreed. In this contribution, we provide simulation results of PDCCH performance based on the agreed simulation assumptions.
2 Discussions
2.1 Simulation Assumptions
The simulation assumptions for out-of-sync and in-sync evaluation in existing high speed scenarios were agreed [1], and the important parameters can be summarized in Table 1 - 3. The link simulations assumptions for out-of-sync and in-sync are shown in Table 1 and Table 2 respectively.

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

	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA [875], HST [875] , HST scenario3 in Table 3

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	200 ms

	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

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA [875], HST [875] , HST scenario3 in Table 3

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB, for 1Tx

-3 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	100 ms

	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 3: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1 
	Scenario2
	Scenario 3
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2.2 Simulation Results
By the link simulation, the PDCCH BLER simulation results under different channel models are shown in Figures 1- 4. For comparison purposes the PDCCH performance for ETU 70Hz channel is also plotted in Figure 5.
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Figure 1: PDCCH performance in AWGN
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Figure 2: PDCCH performance in EVA 875Hz
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Figure 3: PDCCH performance in HST 875Hz
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Figure 4: PDCCH performance in HST Scenario 3
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Figure 5: PDCCH performance in ETU 70Hz
From the simulation results the Qin and Qout levels can be derived as follows in the Table 4, which includes the verification point for different high speed channels.
Table 4: SNR value of Qin/Qout (Unit: dB)
	Antenna configuration
	Verification point
	Channel Model

	
	
	AWGN
	EVA 875Hz
	HST 875Hz
	HST Scenario 3 in Table 3
	ETU 70Hz

	1x2
	Qout
	-12.14
	-8.91
	-9.35
	-9.44
	-9.54

	
	Qin
	-7.23
	-4.14
	-5.11
	-5.11
	-5.07

	2x2
	Qout
	-12.17
	-9.60
	-9.64
	-9.67
	-10.18

	
	Qin
	-7.24
	-5.01
	-5.21
	-5.24
	-5.62


From the simulation results in table 4, UE achieves the best PDCCH performance in AWGN due to ideal channel. In Rel-8, ETU 70Hz is typical testing channel. In fading channel, it can be seen that the difference of Qin and Qout levels between EVA 875Hz and ETU 70Hz is within 1.0 dB. For HST channel, the PDCCH performance difference between HST 875Hz and HST 875Hz in scenario 3 is quite limited. Both HST channels achieve the similar PDCCH performance compared with ETU 70Hz.
Observation 1: For EVA 875Hz, there is about 0.5dB PDCCH performance loss for out-of-sync and with 1dB PDCCH performance loss for in-sync in leaky cable channel compared with ETU 70Hz.

Observation 2: The PDCCH performance difference between HST 875Hz and HST scenario 3 in Table 3 is quite limited.
Observation 3: Compared with ETU 70Hz, there is no more than 0.5dB PDCCH performance loss in both HST channels, including HST 875Hz and HST Scenario 3 in Table 3.

3 Conclusion

This contribution provides the simulation results of PDCCH performance in several existing high speed scenarios and gives the SNR values of Qin and Qout levels. We suggest the things above should be considered in the evaluation of RLM performance in existing high speed scenarios and give the following observation.
Observation 1: For EVA 875Hz, there is about 0.5dB PDCCH performance loss for out-of-sync and with 1dB PDCCH performance loss for in-sync in leaky cable channel compared with ETU 70Hz.

Observation 2: The PDCCH performance difference between HST 875Hz and HST scenario 3 in Table 3 is quite limited.
Observation 3: Compared with ETU 70Hz, there is no more than 0.5dB PDCCH performance loss in both HST channels, including HST 875Hz and HST Scenario 3 in Table 3.

Because of the PDCCH performance difference between existing high speed scenarios and Rel-8 testing channels, the SNRs setting for RLM testing in existing high speed scenarios may need modifications.
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