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Discussion 
1
Introduction 
In this paper, we discuss the 4RX control channel demodulation tests for PCFICH/PDCCH, ePDCCH and PHICH.
2
PCFICH/PDCCH and ePDCCH 
In last RAN4 meeting, agreements on PCFICH/PDCCH and ePDCCH tests were achieved [1]

· For PDCCH/PCFICH : Previous agreement to reuse 2RX test procedures is confirmed, subject to companies checking the RAN5 specification aspects.
· Alignment results are invited in RAN4#76

· ePDCCH : Agree to develop ePDCCH test, further checking to be made for test conditions. Companies to verify if existing test procedure can be reused
To validate the test while still allowing UE’s 2RX fallback for power saving, it is very important to ensure that there is a warm-up period in RAN5 test procedure. In the warm-up period, the test equipment transmits continuous and decodable PDSCH to UE so that UE will stay in 4RX mode before the test starts. TS36.521 specifies the test procedure of PCFICH/PDCCH demodulation test. For an example, Section 8.4.1.1.4.1 describes an initial condition before testing. In this initial condition, the propagation conditions in Annex B clause B.0 is used, as is captured below:
	B.0
No interference

The downlink connection between the System Simulator and the UE is without Additive White Gaussian Noise, and has no fading or multipath effects.


Then, Section 8.4.1.1.4.2 describes the test procedure, which consists of 3 steps as roughly captured below:

1) Transmit the PDSCH via a PDCCH DCI format (which is the same as that to be used in the test).


2) Change the propagation condition, antenna configuration, the correlation matrix and the SNR to the values specified in the test.


3) Start the test. Collect the demodulation results.
Note that in the 1st step, the propagation channel is still the same as that in initial conditions. Therefore, UE is able to decode the PDCCH in that high SNR condition even though UE is in 2RX mode. The test equipment keeps transmitting continuous PDCCH/PDSCH during steps 1 and 2. The durations of step 1 and 2 are 2400ms and 15~20ms, respectively (according to R&S TS 8980). We believe that the duration is long enough for serving as a warm-up period for a UE to sense a continuous PDSCH traffic coming and switch to 4RX mode. On the other hand, similar procedure is also adopted in testing ePDCCH. So we think hat applying the same test condition for ePDCCH demodulation test is also feasible.
Observation 1: The current test procedure for PCFICH/PDCCH and ePDCCH test provides a warm-up period for UE to switch to and to keep staying in 4RX mode. 
As a result, we provide the simulation results based on existing control channel test. In Figures 1(a) and 1(b), we provide the simulation results for both 2RX and 4RX for tests in Sections 8.4.1.1 and 8.4.1.2, respectively. Note that a detection error of PCFICH is regarded as one detection error in PDCCH. Table 1 summarizes the required SNR to achieve Pm-dsg 1% for different cases.  
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Figure 1. PDCCH Pm-dsg curves for 2RX and 4RX in tests (a) 8.4.1.1 and (b) 8.4.1.2
Table 1. Summary of required SNR to achieve PDCCH Pm-dsg 1%

	
	2RX
	4RX
	Gap

	Test 8.4.1.1
	-3 dB
	-7.54 dB
	4.54 dB

	Test 8.4.1.2
	-1.9 dB
	-5.54 dB
	3.64 dB


3
PHICH 
In the last RAN4 meeting, the need of 4RX PHICH test was discussed, but no consensus was achieved. To address this issue, we need to first looks at the UE decoding procedure of PHICH, as simply shown in Figure 2. 
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Figure 2. PHICH decoding procedure in UE
Before decoding PHICH, channel estimation and noise estimation inputs are required. These estimations are based on CRS for all 4 RX antennas, and the corresponding performance has already been verified during 4RX PCFICH/PDCCH demodulation test implicitly. The PHICH decoding part includes some detail processing. (For examples: MIMO demapping, PHICH group decoupling, de-spreading, de-scrambling, ACK/NACK detection, etc.) Most of the functionalities have been tested in the 2RX PHICH demodulation test. The only one difference is that 4RX UE needs to consider MRC with 4 RX antennas in MIMO demapping. However, we believe this is just a simple extension from 2RX to 4RX and has also been tested in 4RX PCFICH/PDCCH test. So, from the viewpoint of UE processing, the 4RX PHICH demodulation test would be redundant if the UE has already passed 4-RX PCFICH/PDCCH and 2RX PHICH tests. To avoid redundant test in 36.101, we propose following two options: 
1)
Do not specify 4RX PHICH test. 4RX UE only needs to be tested with legacy 2RX tests. 

2) Specify 4RX PHICH demodulation test. 4RX UE does not need to pass legacy 2RX tests.

Observation 2: the 4RX PHICH demodulation test would be redundant if the UE has already passed 4-RX PCFICH/PDCCH and 2RX PHICH tests
Proposal 1: To avoid redundant test in 36.101, we propose to the follow two options

1)
Do not specify 4RX PHICH test. 4RX UE only needs to be tested with legacy 2RX test. 

2) Specify 4RX PHICH demodulation test. 4RX UE does not need to pass legacy 2RX test.
If option 2) is agreed, some further studies will be required to ensure that 4RX PHICH test has also a warm-up period for UE to stay in 4RX mode before actual testing.
Observation 3: A warm-up period is still needed for 4RX PHICH test. 
3
Summary 
In this paper, we provide our observations and proposal on 4RX control channel demodulation tests: 
Observation 1: The current test procedure for PCFICH/PDCCH and ePDCCH test provides a warm-up period for UE to switch to and to keep staying in 4RX mode. 
Observation 2: the 4RX PHICH demodulation test would be redundant if the UE has already passed 4-RX PCFICH/PDCCH and 2RX PHICH tests
Proposal 1: To avoid redundant test in 36.101, we propose to the follow two options

1)
Do not specify 4RX PHICH test. 4RX UE only needs to be tested with legacy 2RX test. 

2) Specify 4RX PHICH demodulation test. 4RX UE does not need to pass legacy 2RX test.
Observation 3: A warm-up period is still needed for 4RX PHICH test. 
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