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

The general objective of this work item in [1] is to specify DL UE performance and CSI requirements for 4 Rx antenna ports. The detailed objective includes the following.

· Study feasibility of control channels demodulation with 4 Rx antenna with respect to

· Impact on UE power performance

· System benefit

· UE behavior in network

· The outcome of the feasibility study is decision on whether control channel demodulation performance needs to be specified and which control channel needs to be specified.

· Specify control channels demodulation performance based on the outcome of the above feasibility of using 4 Rx for control channels.

Thus, the system benefit of an improved demodulation performance shall together with the increased power consumption be taken into account when selecting testcases.
The performance of the control channel is affecting the RLM requirements and testcases as discussed in [2]. In order to improve the coverage of the UE, it is important that 4Rx is active when the coverage is bad. Since the current control channel testcases are at quite low SNR levels, the focus is to compare the results with 4Rx in these test configurations.
3 Simulations
The control channel demodulation performance is specified in 36.101, 

· sections 8.4 for PDCCH/PCFICH
· section 8.5 for PHICH

· section 8.6 for PBCH

· section 8.8 for ePDCCH

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 only with the same parameters as in the respective tests in 36.101. 

The test parameters for PDCCH  are as in 36.101 section 8.4.1 The testparameters for PHICH are in the same way defined in section 8.5.1 and for PBCH defined in section 8.6.1
For results involving cross-polarized antennas, the New Medium channel as being proposed in [3] has been used.
3.2 Simulation results
In this section simulations of the control channels as noted above are presented with 2 and 4 antennas respectively. In the first 6 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. 
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
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
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. Also here the gain is approximately 3 dB for the 4Rx antenna UE.

The performance is summarized in the table below
Table 1 SNR required for PCCH performance reaching 1% Pm-dsg
	
	PDCCH

	
	1 Tx Antenna
	2 Tx Antenna
	4 Tx Antenna

	
	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


Observation 1: From these simulations the indication is that there is a gain of approximately 3 dB for PDCCH when going from 2Rx to 4Rx
Observation 2: For the high correlation usecase a UE using cross polarized antennas is has 3.5 dB better performance than a UE using Linear array antennas. 
Next the PHICH performance is simulated, which is presented in Figure 7 to Figure 9. The requirement on PHICH is that Pm-an is lower than 0.1% at the testpoints. Therefore the results are compared at these levels.
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Figure 4: PHICH performance for Single antenna port with 2 and 4 Rx antennas and low correlation
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Figure 5: PHICH performance for 2 Tx antenna ports with Tx Diversity with 2 and 4 Rx antennas with cross polarized antennas and low correlation
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Figure 6: PHICH: performance for 4 Tx antenna ports with 2 and 4 Rx antennas and medium correlation
In Figure 4 to Figure 6 the performance of PHICH as specified for 2 Rx in sections 8.5.1.1 (single Tx antenna and ETU70), 8.5.1.2.1 (2 Tx antennas and EVA70) and 8.5.1.2.2 (4 Tx antennas and EPA5)  in 36.101 is shown for 2 and 4 Rx antennas with different correlations between the antennas. For P-HICH the performance is specified as the probability of a miss-detecting ACK for NACK (Pm-an). In Table 2 the performance at 0.1% BLER are summarized
Table 2 SNR required to reach Pm-an lower than 0.1% on PHICH
	Pm-an
	PHICH

	
	1 Tx Antenna
	2 Tx Antennas
	4 Tx Antenna

	
	2Rx 
ULA
Low Corr
	4Rx 
ULA
Low Corr
	2Rx 
X-Pol
Low Corr
	4Rx 
X-Pol
Low Corr
	2Rx ULA
New Medium
	4Rx ULA
New Medium
	4Rx 
X-Pol
New Medium

	SNR [dB]
	-2.1
	-5.5
	-3.3
	-7.4
	-1.9
	-4.8
	-7.7


Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas is 3 dB.
Observation 4: For the high correlation usecase there is a further gain of 3 dB for the PHICH performance when using  polarized antennas compared with the a linear array. 
Finally the PBCH performance is simulated for 2 and 4Rx receivers.
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Figure 7: PBCH performance for Single antenna port with 2 and 4 Rx antennas at low correlation
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Figure 8: PBCH performance for 2 Tx antenna ports with Tx Diversity and 2 and 4 Rx antennas and low correlation
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Figure 9: PBCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx antennas with medium correlation
The performance when the Pm-bch=1% is shown for the different configurations in Table 3. 
Table 3 PBCH performance as the SNR when Pm-bch=1%
	
	PBCH

	Antenna config
	1 Tx Antenna
	2 Tx Antennas
	4 Tx Antenna

	
	2Rx ULA
Low Corr
	4Rx ULA
Low Corr
	2Rx ULA
Low Corr
	4Rx ULA
Low Corr
	2Rx ULANew Medium
	4Rx ULA
New Medium
	4Rx 
X-Pol
New Medium

	SNR [dB]
	-7.4
	-12
	-8.5
	-12.5
	-7.8
	-9.6
	-12.5


Observation 5: The gain for PBCH performance for a UE with 4 receivers is improved by between 2 and 4.5 dB compared with a receiver with 2 receiver antennas.
Observation 6: For the high correlation usecases there is a further gain of the PBCH performance, for a UE with Cross Polarized antennas, compared with a UE using 4 antennas in a linear array. 
4 Proposals

There are gains for the control channels when 4Rx is used compared with 2Rx.  This can enhance coverage and thereby also mobility. In order to focus on scenarios that are important for the system performance the intention is to focus on scenarios with low SNR. For PCCH and PHICH performance the resulting SNR in the simulation results in Table 1 and 2 are reasonable to create testcases for UEs capable with 4Rx. For the PBCH the resulting SNR in Table 3 are very low so the testcases may be adapted to have a higher SNR.
Proposal 1: Use the existing testcase configuration for PCCH and PHICH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx and adapt the requirements accordingly.
Proposal 2: Adapt the existing testcase configuration for PBCH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx.
5 Conclusions

Observation 1: From these simulations the indication is that there is a gain of approximately 3 dB for PDCCH when going from 2Rx to 4Rx
Observation 2: For the high correlation usecase a UE using cross polarized antennas is has 3.5 dB better performance than a UE using Linear array antennas. 
Observation 3: The gain in PHICH performance for a UE with 4 receiver antennas is 3 dB.
Observation 4: For the high correlation usecase there is a further gain of 3 dB for the PHICH performance when using  polarized antennas compared with the a linear array. 
Observation 5: The gain for PBCH performance for a UE with 4 receivers is improved by between 2 and 4.5 dB compared with a receiver with 2 receiver antennas.
Observation 6: For the high correlation usecases there is a further gain of the PBCH performance, for a UE with Cross Polarized antennas, compared with a UE using 4 antennas in a linear array. 
Proposal 1: Use the existing testcase configuration for PCCH and PHICH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx and adapt the requirements accordingly.
Proposal 2: Adapt the existing testcase configuration for PBCH, adding cross-polarized antennas for new testcases for a UE capable of 4Rx.
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