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1
Introduction

In RAN1#62bis, regarding the multiplexing of HARQ-ACK/RI with PUSCH in LTE Rel-10, the following agreements were made:
· A standard-based solution for resolving issues with optimistic code rates for high payloads/spectral efficiencies is introduced
· Working assumption is to make sure that the number of REs is not smaller than Qmin 

· Q’ = max(Q’’, Q’min), where Q’’ is
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· Q’min is determined as a function of modulation order, and/or number of layers, and/or HARQ-ACK/RI payload. 
In this paper, we provide our views on the working assumption.

2
Discussion

2.1
DTX Detection of HARQ-ACK 
When HARQ-ACK/RI is multiplexed with UL-SCH data, the coded modulation symbols of those control information will puncture the original data modulation symbols. Since HARQ-ACK feedback for DL PDSCH is dynamic in nature, DTX of HARQ-ACK will have to be detected reliably at eNB to optimize system performance. Note that DTX here really means that PUSCH data is not punctured in those places reserved for HARQ-ACK. 
Typically, PUSCH data is controlled to have around 10% BLER at the first transmission. However, HARQ-ACK is targeted to have 0.1% or lower BER. Thus, the detection of DTX at eNB should be reliable without assuming successful PUSCH decoding. The only way to achieve this goal is by choosing sufficiently large beta offset of HARQ-ACK: 
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. When the beta offset: 
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 is chosen sufficiently large to guarantee the nominal DTX false alarm rate requirement, the probability of code rate outage, i.e. UCI coding rate becomes greater than 1, become negligible. So our view regarding the introduction of Q’min to avoid code rate outage is as follows:
· no need to introduce Q’min in computing the resources for HARQ-ACK considering that 
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 should be set sufficiently large to guarantee the DTX detection performance
2.2
Simulation Results
Link simulations were carried out to check the code rate outage probability for different beta offset values. For each beta offset, we have selected the likelihood threshold between nonDTX-hypothesis and DTX-hypothesis in a way such that the false alarm probability, i.e. the probability of declaring ACK or NACK in case of DTX, is controlled at 0.01. Simulation assumptions are shown in Table 1.
Table 1. Link Simulation Parameters

	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH txmn bandwidth
	4RBs

	Channel model
	TU, 3kmph

	Antenna configuration
	2x4, 4x4

	Antenna correlation
	0.0

	Transmission rank
	2, 4

	Channel estimation 
	Ideal

	SRS period
	2ms

	Scheduling delay
	4ms

	# HARQ-ACK bits
	10

	Pr(DTX(ACK or NACK)
	1%

	Link adaptation 
	ON

	PUSCH target BLER at 1st txmn
	10%

	Encoder for HARQ-ACK
	RM-(32, O)

	Receiver for PUSCH data
	MMSE

	Receiver for HARQ-ACK
	Maximum likelihood
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Figure 1. Ant Config: 2x4, Avg SNR: 15dB, Left: ACK BER, Right: Prob(CodeRateOutage)
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Figure 2. Ant Config: 4x4, Avg SNR: 25dB, Left: ACK BER, Right: Prob(CodeRateOutage)
In Figure 1 and Figure 2, we have purposely run the system in higher geometry and high rank so that code rate outage will happen. From the results, one can see that in order to ensure reliable HARQ-ACK detection performance (0.1% BER) under DTX detection, beta offset should be set greater than 3, where the code rate outage is really negligible.
Furthermore, we can see from the simulation results that putting different redundancy versions over different spatial layers will always avoid code rate outage [1].
3
Conclusions 

In this paper we have provided our view regarding the introduction of Q’min to avoid code rate outage, which is as follows:

· no need to introduce Q’min in computing the resources for HARQ-ACK considering that 
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 should be set sufficiently large to guarantee the DTX detection performance
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