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1 Introduction
For the performance part, there is only one meeting in SI to identify the scope and WI objective for LTE DL 4 Rx AP in Rel-13. In this contribution we discuss the above for the control channel requirements with 4 Rx.  

2 Scope of control channel requirements

The general objective of this work item is to specify DL UE performance and CSI requirements for 4 Rx AP.The detailed objectives should include the following.

· Specify UE performance requirement with 4 Rx AP including

· Demodulation of PCFICH/PDCCH
· Demodulation of PHICH
· Demodulation of PBCH
3 Discussion

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

In this contribution the BLER performance of these channels are presented and the gain of the 4Rx scheme is shown.

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 test parameters 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 traditional MEDIUM channel for the linear array antennas has been used and with a cross-polarization factor of 0.3 added.
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 and Figure 2, 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.  For this case at 1% the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 3: PDCCH performance for 2 Tx antenna ports with Tx Diversity and  2 and 4 Rx antennas with low correlation
In Figure 3 and Figure 4, 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. Also here the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 5: PDCCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx with medium correlation
In Figure 5 and Figure 6, 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. 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 performances 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 7: PHICH performance for Single antenna port with 2 and 4 Rx antennas and low correlation
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Figure 8: 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 9: PHICH: performance for 4 Tx antenna ports with 2 and 4 Rx antennas and medium correlation
In Figure 7 to Figure 9 the performance of PHICH as specified for 2 Rx in sections 8.5.1.1, 8.5.1.2.1 and 8.5.1.2.2 in 36.101 is shown for 2 and 4 Rx antennas with different correlations between the antennas. In Figure 8 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 
	4Rx 
	2Rx 
	4Rx 
	2Rx ULA
	4Rx ULA
	4Rx 
X-Pol

	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 linear array. 
Finally the PBCH performance is simulated for 2 and 4Rx receivers.
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Figure 10: PBCH performance for Single antenna port with 2 and 4 Rx antennas at low correlation
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Figure 11: PBCH performance for 2 Tx antenna ports with Tx Diversity and 2 and 4 Rx antennas and low correlation
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Figure 12: 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
	4Rx ULA
	2Rx ULA
	4Rx ULA
	2Rx ULA
	4Rx ULA
	4Rx 
X-Pol

	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. 
Proposal 1: The above scope in Chapter 2 should be included as conclusion for the WI objective,
4 Conclusions

The performance improvements for the control channel in an EPA5 channel of a 4Rx receiver compared with a 2Rx receiver is considerable. That is a motivation for the introduction of UE performance requirements for 4RX UEs. The following observations and proposal are made.
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 performances 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 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: The above scope in Chapter 2 should be included as conclusion for the WI objective.
