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1
Introduction

In this contribution, we provide our views on the remaining issues on HARQ-ACK/RI multiplexing with PUSCH in case of UL MIMO.

2
Discussion

2.1

How to “Replicate”
Regarding the exact interpretation of “Replica”, in RAN1 #62, the following three options were identified for further down-selection:

· Option A) Replicate before channel coding

· Option B) Replicate after channel coding

· Option C) Combination of replication and Alamouti mapping [1]
Both Options A & B will implicitly have a codeword/layer specific pseudo-random scrambling before the “Modulation Mapper” similar to Rel-8 DL. Option C avoids this codeword-specific scrambling over the UCI coded bits. 

In Figure 1, we have illustrated Option A.
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Figure 1. UL SU-MIMO

Figure 2 characterizes the difference between Option A and Option B in deriving the UCI coded bits to be multiplexed in each spatial layer. Note that the number of UCI coded bits sent in each spatial layer will be different when different layers employ different modulation schemes.
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Figure 2. Replicate UCI before/after Channel Coding
Regarding the modulation scheme for the coded UCI bits, we can identify the following three alternatives:

· Alt 1. Follow the PUSCH modulation scheme in each codeword and all constellation points are utilized

· Alt 2. Follow the PUSCH modulation scheme in each codeword and only use those corner constellation points

· Alt 3. Always use QPSK modulation
Link level simulations have been carried out to compare different options with simulation parameters listed in Table 1. Figures 3~6 depict the A/N BER performance versus different beta offsets, which are used to determine the number of coded modulation symbols per layer in PUSCH punctured for HARQ-ACK as follows [2]:
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In each figure, we have compared different options for “Replication” and “Modulation”. Furthermore, for each plotted data point, 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. Note that DTX here really means that PUSCH is not punctured in those places reserved for HARQ-ACK. 

Table 1. Link Simulation Parameters

	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH txmn bandwidth
	4RBs

	Channel model
	TU, 3kmph

	Antenna configuration
	2x2

	Antenna correlation
	0.0

	Transmission rank
	2

	Channel estimation 
	Ideal

	SRS period
	2ms

	Scheduling delay
	4ms

	# HARQ-ACK bits
	2, 4, 6, 10

	Pr(DTX(ACK or NACK)
	1%

	Link adaptation 
	ON

	PUSCH target BLER at 1st txmn
	10%

	Encoder for HARQ-ACK
	Follow Rel-8 spec: RM-(32, O) for more than 2 A/N bits, 

              Table 5.2.2.6-2 in TS 36.212 for 2 A/N bits

	Receiver for PUSCH data
	MMSE

	Receiver for HARQ-ACK
	Maximum likelihood
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Figure 3. HARQ-ACK BER (2 A/N bits)
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Figure 4. HARQ-ACK BER (4 A/N bits)
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Figure 5. HARQ-ACK BER (6 A/N bits)
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Figure 6. HARQ-ACK BER (10 A/N bits)
From the link performance shown in above figures, we can see for 2-4 ACK/NACK bits, different options require similar beta offset to satisfy the ACK/NACK performance requirement of 0.1% BER. For 6-10 ACK/NACK bits, Option A together with usage of all constellation points as PUSCH, which would offer the largest number of coded bits for UCI, requires the smallest beta offset to control the ACK BER below 0.1%,  Thus, our views on the HARQ-ACK/RI replication across layers are summarized as follows:

· HARQ-ACK or RI bits are replicated before channel coding and the encoded bits will be pseudo-randomly scrambled together with data (Option A)

· when multiplexing 2 HARQ-ACK or RI bits, we can apply the same principle as in Rel-8 by utilizing the corner constellation points of the corresponding PUSCH modulation to modulate the coded UCI bits

· when multiplexing more than 2 HARQ-ACK or RI bits, we can just follow the PUSCH modulation in each codeword and all the corresponding constellation points are utilized to modulate the coded UI bits

2.2

Proposed Pseudo-Code for Formulating the Vector Sequences for HARQ-ACK and RI
2.2.1 HARQ-ACK

Let 
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denote the encoded bit sequence for HARQ-ACK for layer-l that the current transport block is mapped onto, where 
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Set 
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end while

2.2.2 RI
Let 
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denote the encoded bit sequence for RI for layer-l that the current transport block is mapped onto, where 
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end while

3
Conclusions 

In this paper, we have provided our views on the remaining issues on HARQ-ACK/RI multiplexing with PUSCH in case of MIMO transmission. In particular, regarding the exact scheme to replicate HARQ-ACK/RI among different spatial layers, our proposal is:

· HARQ-ACK or RI bits are replicated before channel coding and the encoded bits will be pseudo-randomly scrambled together with data  (Option A)

On the modulation schemes for UCI over different layers, our proposals are as follows:

· when multiplexing 2 HARQ-ACK/RI bits, we can apply the same principle as in Rel-8 by utilizing the corner constellation points of the corresponding PUSCH modulation to modulate the coded UCI bits

· when multiplexing more than 2 HARQ-ACK/RI bits, we can just follow the PUSCH modulation in each codeword and all the corresponding constellation points are utilized to modulate the coded UCI bits
Additionally, we have also provided the pseudo codes for forming the vector sequences for HARQ-ACK/RI, which could be taken by TS 36.212.
References 

[1]
R1-104697, “UCI Mapping Schemes when Multiplexed with UL-MIMO PUSCH,” Motorola

[2] R1-104806, “Clarifications of UCI on PUSCH,” Qualcomm Inc.

PAGE  
6/6

_1347710829.unknown

_1347710833.unknown

_1347710835.vsd
Text


HARQ-ACK or RI


Channel coding


b0, b1, b2, …...


c1


c0


c2


c3


c4


c5


...


HARQ-ACK or RI


c0


Channel coding


b0, b1, b2, …...


c1


c2


c3


c4


c5


...


Replicate before channel coding:


Replicate after channel coding:


UCI coded bits sent in layer-0


UCI coded bits sent in layer-1


UCI coded bits sent in layer-0


UCI coded bits sent in layer-1



_1347710836.vsd
Data and Control Multiplexing


HARQ-ACK
or
RI


Channel Interleaver


Data and Control Multiplexing


Channel Interleaver


CW-0


CW-1


Channel coding


Channel coding


Channel coding


layers CW-0 is mapped onto


layers CW-1 is mapped onto


Scrambling


Scrambling


Modulation mapper


Modulation mapper


Layer
mapper


Transform
precoder


Transform
precoder


layers



_1347710834.unknown

_1347710831.unknown

_1347710832.unknown

_1347710830.unknown

_1347710825.unknown

_1347710827.unknown

_1347710828.unknown

_1347710826.unknown

_1347710821.unknown

_1347710823.unknown

_1347710824.unknown

_1347710822.unknown

_1347710819.unknown

_1347710820.unknown

_1347710817.unknown

_1347710818.unknown

_1347710816.unknown

