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1 Introduction
The requirements of the PDCCH performance for a UE supporting 4 receivers are discussed in this contribution.  
2 Scope of control channel requirements

In the WF [1], it was agreed to specify the PDCCH for 4Rx by extending the existing 2RX test configuration
3 Simulations
The control channel demodulation performance is specified in 36.101, 

· sections 8.4 for PDCCH/PCFICH
In this contribution the BLER performance of these channels are presented and the gain of the 4Rx scheme is shown. Based on that it can be concluded what testcases can be proposed for a 4Rx terminal.
3.1 Simulation assumptions

The simulations are performed for FDD with the same parameters as in the respective tests in 36.101. 

The test parameters for PDCCH are proposed as in 36.101 section 8.4.1 
3.2 Simulation results FDD
In this section, simulations of the FDD PDCCH channel are presented with 2 and 4 antennas respectively. In the following figures below the Pm-dsg performance of PDCCH and the PCFICH channels are presented where Pm-dsg is the probability of a missed downlink scheduling grant. 
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Figure 1: PDCCH performance for Single antenna port with 2 and 4 Rx antennas with low correlation as specified in section 8.4.1.1. 
In Figure 1 the PDCCH performance for LTE FDD of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.1 for a Single antenna port transmission and a ETU70 propagation channel.  For this case at 1% the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 2: PDCCH performance for 2 Tx antenna ports with Tx Diversity and  2 and 4 Rx antennas with low correlation as specified in section 8.4.1.2.1.
In Figure 2, the PDCCH  performance for LTE FDD with 2 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.2.1 on a EVA70 channel. Also here the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 3: PDCCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx with medium correlation as specified in section 8.4.1.2.2 (4 Rx with cross polarized antennas use the new medium correlation).
In Figure 3, the PDCCH performance for 4 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.2.2 with EPA5. Here the cross polarized antenna correlation use the New Medium Correlation model as proposed in [2].
The performance is summarized in the table below.
Table 1 SNR required for PDCCH performance reaching 1% Pm-dsg
	
	PDCCH

	
	1 Tx Antenna
section 8.4.1.1
	2 Tx Antenna
section 8.4.1.2.1
	4 Tx Antenna
section 8.4.1.2.2

	
	2Rx 
	4Rx 
	2Rx 
	4Rx 
	2Rx ULA
	4Rx
ULA
	4Rx 
X-Pol

	SNR [dB]
	-4 dB
	-7.3
	-4.3
	-7.7
	2.11
	-0.75
	-4.2


3.3 Simulation results TDD
In this section, similar as for FDD simulations of the TDD PDCCH channel are presented with 2 and 4 antennas respectively. 
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Figure 4: PDCCH performance for Single antenna port with 2 and 4 Rx antennas with low correlation as specified in section 8.4.2.1. 

In Figure 4, the PDCCH performance for LTE FDD of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.1 for a Single antenna port transmission and a ETU70 propagation channel.  For this case at 1% the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 5: PDCCH performance for 2 Tx antenna ports with Tx Diversity and  2 and 4 Rx antennas with low correlation as specified in section 8.4.2.2.1.

In Figure 5, the PDCCH  performance for LTE TDD with 2 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.2.1 on a EVA70 channel. Also here the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 6: PDCCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx with medium correlation as specified in section 8.4.2.2.2 (4 Rx with cross polarized antennas use the new medium correlation).
In Figure 6, the PDCCH performance for LTE TDD with 4 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.2.2.2 with EPA5. Here the cross polarized antenna correlation use the New Medium Correlation model as proposed in [3].

The performance is summarized in the table below.

Table 1 SNR required for PDCCH performance reaching 1% Pm-dsg in TDD
	
	PDCCH

	
	1 Tx Antenna
section 8.4.2.1
	2 Tx Antenna
section 8.4.1.2.1
	4 Tx Antenna
section 8.4.1.2.2

	
	2Rx 
	4Rx 
	2Rx 
	4Rx 
	2Rx ULA
	4Rx
ULA
	4Rx 
X-Pol

	SNR [dB]
	-1.4
	-4.7
	-2.6
	-5.4
	2.8
	-0.1
	-4.4


4 Conclusions

These simulation results will be collected in [4] and aligned with results from other companies.
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