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1. Introduction
In RAN4 #76, following agreements were made regarding 4 Rx control channel demodulation performance requirements. 

For PCFIC/PDCCH
· PCFICH/PDCCH demodulation test for 4 Rx UE will be defined based on existing single cell PCFICH/PDCCH demodulation test in 36.101. 

· FDD baseline test : 8.4.1.1, 8.4.1.2.1, 8.4.1.2.2

· TDD baseline test : 8.4.2.1, 8.4.2.2.1, 8.4.2.2.2

· UE should not be tested under 2RX test if it supports 4RX
· Introduce a “new medium” channel correlation targeting at lower correlation than the existing “medium” one.
· Option 1 : XPOL, alpha=0.3, beta=0.6, gamma=0.2

· Option 2 : ULA, alpha=0.3, beta =0.3874
For PHICH

· PHICH test is agreed and test will change to use same test method as other control channels. Warm up period can be checked.

· Simulation parameters will be agreed in next meeting
For EPDCCH
· EPDCCH demodulation test for 4 Rx UE will be defined based on distributed EPDCCH and TM9 localized EPDCCH test. 
· FDD baseline test : 8.8.1.1, 8.8.2.1

· TDD baseline test : 8.4.1.2, 8.8.2.2

· UE should not be tested under 2RX test if it supports 4RX
In this contribution, we will provide alignment simulation results for 4 Rx control channel tests and our view on remaining issues. 
2. PCFICH/PDCCH demodulation test
It was agreed to define PCFICH/PDCCH demodulation test for 4 Rx UE based on existing single cell 2 Rx test defined in section 8.4 of 36.101. We have following tests for PCFICH/PDCCH demodulation performance. 
For FDD, 
· 8.4.1.1 Single-antenna port performance (8 CCE, ETU70 low correlation)

· 8.4.1.2.1 Transmit diversity performance with 2 Tx antenna ports (4 CCE, EVA70 low correlation)
· 8.4.1.2.2 Transmit diversity performance with 4 Tx antenna ports (2 CCE, EPA5 medium correlation)
For TDD, 

· 8.4.2.1 Single-antenna port performance (8 CCE, ETU70 low correlation)

· 8.4.2.2.1 Transmit diversity performance with 2 Tx antenna ports (4 CCE, EVA70 low correlation)
· 8.4.2.2.2 Transmit diversity performance with 4 Tx antenna ports (2 CCE, EPA5 medium correlation)
These tests will be extended to 4 Rx UE test by simply changing the propagation channel from M×2 to M×4. For low correlation channel, changing propagation channel is straightforward. However, for medium correlation channel to be used for 4 Tx transmit diversity test, reusing existing antenna correlation parameter for medium correlation channel, i.e., alpha=0.3 and beta=0.9, would result in highly correlated UE antenna and thus provide pessimistic 4 Rx performance. In order to evaluate 4 Rx performance in more realistic propagation channel condition, two candidates for new medium channel correlation channel were selected. Simulation was run for both new medium correlation channel. 
Figure 1 and 2 show FDD and TDD simulation results for PCFICH/PDCCH demodulation tests. We can observe that 4 Rx UE can provide 2~3.5dB performance gain over 2 Rx UE at 1% Pm-dsg. We observe higher gain in channels with lower antenna correlation and more transmit antenna ports. 
Observation 1. PCFICH/PDCCH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 
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Figure 1. PCFICH/PDCCH demodulation performance (FDD)
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Figure 2. PCFICH/PDCCH demodulation performance (TDD)

We can observe higher gain in new medium XPOL channel than in new medium ULA channel since XPOL channel has lower correlation than ULA channel due to decorrelation in polarization domain. However, we still prefer ULA channel model over XPOL channel model since XPOL antenna is not commonly implemented on UE. 

Proposal 1. For PCFICH/PDCCH and PHICH demodulation test with 4 Tx antenna, employ new medium correlation channel with ULA antenna configuration. 

3.  PHICH demodulation test
Though RAN4 did not discuss baseline test to be used for PHICH demodulation test, same approach as PCFICH/PDCCH TEST could be taken for PHICH demodulation test. For PHICH test in single cell set up, we have following tests in 36.101. 
For FDD, 

· 8.5.1.1 Single-antenna port performance (R.18, R.24, ETU70 low correlation)

· 8.5.1.2.1 Transmit diversity performance with 2 Tx antenna ports (R.19, EVA70 low correlation)
· 8.5.1.2.2 Transmit diversity performance with 4 Tx antenna ports (R.20, EPA5 medium correlation)
For TDD, 

· 8.5.2.1 Single-antenna port performance (R.18, R.24, ETU70 low correlation)

· 8.5.2.2.1 Transmit diversity performance with 2 Tx antenna ports (R.19, EVA70 low correlation)
· 8.5.2.2.2 Transmit diversity performance with 4 Tx antenna ports (R.20, EPA5 medium correlation)

Similar to PCFICH/PDCCH demodulation test, two candidates for new medium correlation channel is evaluated for 4 Tx test. Figure 3 and 4 show FDD and TDD simulation results for PHICH demodulation tests. We can observe that 4 Rx UE can provide 2.5~3.5dB performance gain over 2 Rx UE at 0.1 Pm-an. We observe higher gain in channels with lower antenna correlation and more transmit antenna ports. 

Observation 2. PHICH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 
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Figure 3. PHICH demodulation performance (FDD)
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Figure 4. PHICH demodulation performance (TDD)

4. EPDCCH demodulation test
For EPDCCH demodulation test, it was agreed to define 4 Rx demodulation performance requirements based on existing EPDCCH demodulation test for 2 Rx UE. Following tests are baseline test to be used. 
· Distributed EPDCCH test (8.8.1)
· Localized EPDCCH test with TM9 (8.8.2)

Figure 5 and 6 shows simulation results for EPDCCH demodulation test for FDD and TDD. We can observe that, for distributed EPDCCH, 4 Rx UE provides 3~3.8 dB performance gain over 2 Rx UE. On the other hand, for localized EPDCCH, 4 Rx UE provides 4~6 dB performance gain over 2 Rx UE. It’s like performance gain is larger for localized EPDCCH since Rx antenna diversity from 4 Rx antenna has bigger impact on localized EPDCCH. Localized EPDCCH is not enjoying frequency diversity that distributed EPDCCH inherently provides. 
Observation 3. EPDCCH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 
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Figure 5. EPDCCH demodulation performance (FDD)
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Figure 6. EPDCCH demodulation performance (TDD)

5. Conclusions

In this contribution, we provided simulation results for 4 Rx demodulation performance for PCFICH/PDCCH, PHICH and EPDCCH. Our observation and proposals are
Observation 1. PCFICH/PDCCH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 

Observation 2. PHICH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 

Observation 3. EPDCCH demodulation test for 4 Rx UE based on existing 2 Rx test set up is feasible. 

Proposal 1. For PCFICH/PDCCH and PHICH demodulation test with 4 Tx antenna, employ new medium correlation channel with ULA antenna configuration. 
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