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1 Introduction

At RAN4#76, RAN4 has reached to an agreement in the way forward to introduce PHICH performance requirements in [1]. RAN4 have made agreements in [1] as such: 
· For PHICH: Test is agreed and test will change to use same test method as other control channels. Warm up period can be checked.

· For PHICH: Simulation parameters will be agreed in next meeting
It was determined at the4Rx ad hoc for RRM session [2] that RAN4 will introduce PHICH test and a warm-up period is still needed for 4RX PHICH test.
 In this contribution, we provide the analysis for the test method changes, warm up period and test cases and test configurations for PHICH with 4RX. 
2 Discussion

2.1 Analysis of the test method changes and warm up period
In RAN4#76 meeting, in the 4Rx ad hoc for RRM sessions [2] the PHICH test was agreed and it was decided to change to use the same test methods as other control channels. PHICH is a DL control channel to pass on HARQ ACK/NACK feedback for PUSCH transmission (e.g. ACK/NACK detection). PHICH demodulation requirements are specified for 2Rx UE in TS 36.101 clause 8.5. Currently, for PHICH demodulation with 2Rx antennas the performance is specified as the probability of a miss-detecting ACK for NACK (Pm-an). The current requirement on PHICH is that Pm-an are lower than 0.1% at the test points. For the other control channels demodulation with 2RX antennas the performance is specified as performance requirements with throughput or performance requirements with probability of misdetection. 
For the PDSCH demodulation with 2RX antennas the test of receiver performance characteristics is twofold as such:

1. A signal or a combination of signals is offered to the RX port(s) of the receiver.

2. The ability of the receiver to demodulate /decode this signal is verified by measuring the throughput.
The minimum requirements for all the PDSCH demodulation with 2RX antenna tests is either 70% or 30% of the maximum throughput. Mapping throughput to error ratio is described in [3]. In measurement practice the UE indicates successfully received information bit payload by signalling an ACK. If payload is received, but damaged and cannot be decoded, the UE signals a NACK. The time in the measurement interval is composed of successfully received subframes (ACK), unsuccessfully received subframes (NACK) and no reception at all (DTX-subframes). Additional DTX-subframes occur statistically when the UE is not responding ACK or NACK where it should (statDTX). This may happen when the UE was not expecting data or decided that the data were not intended for it. The average throughput is measured for a duration. The number of NACKs, ACKs and statDTXs on the UL is counted. The ratio (NACK + statDTX)/(NACK+ statDTX + ACK) is the Error Ratio (ER). Taking into account the time consumed by the ACK, NACK, and DTX-TTIs (regular and statistical), ER can be mapped unambiguously to throughput for any single reference measurement channel test.
For the PDCCH/PCFICH demodulation with 2RX antennas the test of receiver performance characteristics is twofold as such:

1. A signal or a combination of signals is offered to the RX port(s) of the receiver.

2. The ability of the receiver to demodulate /decode this signal is verified by analyzing the reaction of the UE to this signal.

The minimum requirements for PDCCH/PCFICH demodulation with 2RX antenna tests are 1% misdetection probability of the Downlink Scheduling Grant (Pm-dsg). Mapping throughput to error ratio is described in [3]. The UE cannot indicate the detection or misdetection of the physical channel under test directly. Therefore, indirect methods are used. In measurement practice the UE indicates successfully received information bit payload by signalling an ACK. If payload is received, but damaged and cannot be decoded, the UE signals a NACK. The time in the measurement interval is composed of successfully received subframes (ACK), unsuccessfully received subframes (NACK) and no reception at all (DTX-subframes). Additional DTX-subframes occur statistically when the UE is not responding ACK or NACK where it should (statDTX). This may happen when the UE was not expecting data or decided that the data were not intended for it. The Pm-dsg is measured for a duration. The number of NACKs, ACKs and statDTXs on the UL PUCCH is counted. The ratio (statDTX)/(NACK+ACK+statDTX) is the Error Ratio (ER). Taking into account the time consumed by the ACK, NACK, and DTX-TTIs (regular and statistical), ER can be mapped to the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg) test.
As described in [4], a warm-up period is selected based on determined conditions.  The conditions may pertain to channel conditions, operating conditions, and/or hardware configuration. Channel conditions may affect the amount of time required for warm-up. In the warm-up period for PCFICH/PDCCH demodulation test, the test equipment transmits continuous and decodable PDSCH to UE before the test starts as described in [3]. For an example, in TS 36.5231-1 clause 8.4.1.2.2.4.2 describes the test procedure of a PCFICH/PDCCH demodulation test 3 steps as follows:
1.
SS transmits PDSCH via PDCCH DCI format 2 for C_RNTI to transmit the DL RMC according to Table 8.4.1.2.2.3-2. The details of PDCCH and PDSCH are specified in Table A.3.5.1-1 and Table A.3.5.1-2 respectively. The SS sends downlink MAC padding bits on the DL RMC. Transmission scheme for the PDSCH shall be transmit diversity.

2.
Set the parameters of the propagation condition, antenna configuration, the correlation matrix and the SNR according to Table 8.4.1.2.2.5-1.

3.
Measure the Pm-dsg for a duration sufficient to achieve statistical significance according to Annex G clause G.4. Count the number of NACKs, ACKs and statDTXs on the UL PUCCH during each subtest interval. Pm-dsg is the ratio (statDTX)/(NACK+ACK+statDTX). If Pm-dsg is less than the value specified in table 8.4.1.2.2.5-1, pass the UE. Otherwise fail the UE.

It is shown from the test procedure that the test equipment keeps transmitting continuous PDCCH/PDSCH. The duration is long enough for serving as a warm-up period for a UE to sense a continuous PDSCH traffic to stay in 4RX mode. Therefore, if a similar procedure is also adopted in testing PHICH than applying the same test condition for PHICH demodulation test is also feasible.

Observation 1: The current test procedure for PCFICH/PDCCH test provides a warm-up period for UE to stay in 4RX mode, which is also feasible for PHICH.
2.2 Test cases and test configurations for PHICH with 4RX 
In RAN4#76 meeting, in the 4Rx ad hoc for RRM sessions [2] it was agreed that simulation parameters will be agreed in next meeting. The simulations assumptions are provided in Table 1 and Table 2 with the same parameters as in the respective tests in 36.101. Further simulations for the New Medium channel as being proposed is also presented. So we propose to define PHICH requirements with 4Rx antennas based on the proposed simulation assumptions scenarios to make alignment as follows: 

Table 1: Test requirements of FDD PHICH with 4RX antenna

	
	Based on test#
	Bandwidth
	Reference channel
	Propagation condition
	Antenna configuration
	Options of Antenna correlations

	1
	8.5.1.1
	10 MHz
	R.18
	ETU70
	1x4
	Low

	2
	8.5.1.2.1
	10 MHz
	R.19
	EVA70
	2x4
	Low

	3
	8.5.1.2.2
	5 MHz
	R.20
	EPA5
	4x4
	New Medium ULA or X-POL (Note: Defined in Table 3)


Table 2: Test requirements of TDD PHICH with 4RX antenna

	
	Based on test#
	Bandwidth
	Reference channel
	Propagation condition
	Antenna configuration
	Options of Antenna correlations

	1
	8.5.2.1
	10 MHz
	R.18
	ETU70
	1x4
	Low

	2
	8.5.2.2.1
	10 MHz
	R.19
	EVA70
	2x4
	Low

	3
	8.5.2.2.2
	5 MHz
	R.20
	EPA5
	4x4
	New Medium ULA or X-POL (Note: Defined in Table 3)


The proposed new medium correlations are defined in Table 3:
Table 2: New Proposed New Medium Correlations
	New Medium Correlations
	Alpha
	Beta
	Gamma

	Proposed New Medium for ULA
	0.3
	0.3874
	- 

	Proposed New Medium for Cross Polarized Antennas
	0.3
	0.6
	0.2


Proposal 1:
We propose RAN4 adopts the PHICH test cases and test configurations for 4RX simulations.

3 Conclusion 

In this contribution, we provided the analysis for the test method changes, warm up period and test cases and test configurations for PHICH with 4RX. We also have the following observation and proposal.

Observation 1: The current test procedure for PCFICH/PDCCH test provides a warm-up period for UE to stay in 4RX mode, which is also feasible for PHICH.
Proposal 1:
We propose RAN4 adopts the PHICH test cases and test configurations for 4RX simulations assumptions.
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