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1. Introduction
The purpose of this contribution is to initiate discussion about PHICH requirement scenarios. 
2. Common assumptions
The proposed common parameters (for all PHICH cases) are listed in the following:
· Practical and realisable channel and noise estimation realisation with no a-priori knowledge of CSI
· LTE channel codec assumptions (repetition code with 3 repetitions) 
· AWGN results with no interference

· TX EVM of 6% to be included in simulations

· The minimum simulation length is 1000 frames (10,000 sub-frames)
· Ten subframes per radio frame

· Normal cyclic prefix
· The PHICH performance is given in terms of the PHICH BLER 
· Block error means that either NAK is interpreted as ACK, or vice versa 
3. Possible scenario for the 1/2/4 TX antenna / multi-user case

Requirement scenarios should model realistic PHICH deployments. Some aspects in the PHICH requirement scenarios are discussed as follows:

a) Basic parameters
· 1/2/4 TX antenna

· 10 MHz channel BW

· ETU70, [EVA5]
· Antenna correlation: Low, [Middle or High]
· PHICH duration: Normal

· PHICH groups: 1

b) Target quality of PHICH
For PHICH decoding, there are two error cases, i.e. “NACK to ACK” and “ACK to NACK.”
When “NACK to ACK error” happens, UE suspends UL HARQ retransmission until it receives a PDCCH indicating retransmission. It implies that increased NACK to ACK error would not have an impact on higher layer protocols. Therefore, it is proposed that the target quality of “NACK to ACK error” should be [1%].

When “ACK to NACK error” happens, UE continues UL HARQ retransmission. If BS would allocate the resource blocks of such retransmission to other UEs, the collision between the retransmission and the other UE’s transmission would happen. Therefore, the target quality of “ACK to NACK error” should be [0.1%].
c) Number of PHICH groups 
The most feasible solution would be to assume single PHICH group, as adding more than one group would not be any extra benefit from the UE performance verification point of view. However having multiple groups active could be considered if seen relevant, for example as more typical deployment.
d) Number of users multiplexed per PHICH group, Power offsets within the group
From a number of users multiplexed per PHICH group, one of the worst case scenarios would be semi-persistent scheduling. Since the number of resource blocks would be 2 or 3 for VoIP service, the maximum number of users multiplexed per PHICH would be 16 – 20 in the 10 MHz channel bandwidth. 
According to the RAN1 working assumption, the number N of PHICH groups is defined as:
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A typical value of the number of PHICH group would be 7, which is derived from Nh = 1. 

On one hand, it was also agreed in RAN1 that cyclic shift for DM RS should always be included in PDCCH format 0. It implies that BS could adjust both the PHICH group index and the local index of PHICH in order to reduce the number of users multiplexed per PHICH group and to minimize power offsets within the PHICH group, especially for IQ multiplexing [1].
Regarding power offsets within the group, it is being discussed in the RAN1 reflector that the EPRE difference between resource element groups (REG) should be limited in the range of 0 to -6 dB [2].

Considering the above aspects, it is proposed that the number of users multiplexed per PHICH group should be 3, and that the sequence index and power offset for each user should be defined as shown in Table 1.

Table 1
	User (role)
	Sequence index 
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	Symbol power (*)
	Payload

	#0 (Scheduled)
	0
	[-4 ] dB
	Fixed ACK or fixed NACK (which depends on the test scenario)

	#1 (Interferer)
	1
	[0] dB
	random ACK/NACK

	#2 (Interferer)
	4
	[-3] dB
	random ACK/NACK


(*) The definition of “Symbol power” is the difference between the power of BPSK modulated symbol per PHICH and the average RE power for a BS at maximum output power. 
e) PHICH resource allocation within the group 

The PHICH resources are identified by the group number and orthogonal sequence, the allocations being linked with the index of the first PRB of uplink allocation. For simulation purposes, the uplink allocation could be static throughout the simulation, hence implying that the PHICH allocations would be static as well. 
f) Payload 
“ACK to NACK” and “NACK to ACK” should be tested separately, because its target quality would be different. However, it is noted that the total number of tests should be minimized. 

4. Conclusions

In this contribution, a possible framework and way forward for PHICH requirement scenarios has been presented. The aspects listed in section 3 could be used as a starting point for the discussions for the final requirement scenarios.
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