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1. Introduction

This document provides the concrete explanations of each option for the HARQ-ACK/RI replication schemes on PUSCH with SU-MIMO proposed in RAN1 #62 meeting. Note that in this contribution we explain the detail only for HARQ-ACK case. However, the same algorithm can be applied to RI as well.
2. Number of UCI symbols and bits
It was agreed in RAN1 #61bis meeting that the number of UCI symbols (both HARQ-ACK and RI) per layer (Q’) is calculated by the following equation [(reference to R1-1050971 draft CR  for 36.212 endorsed on the reflector; it also gives a nice summary of what the symbols mean).]:
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In addition, the following Options are on the table for further discussion. Note that Alamouti scheme (Option 3) is treated as a subset of Option B here.

· Option A) Replicate before channel coding

· Option B) Replicate after channel coding (i.e. UCI symbol level replication)
In the case of Option A, the bit number of UCI for TB0 and TB1 can be represented by the following equation respectively:
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where Ln is the number of layers in TBn, and Qm(n) is the modulation order for TBn. In the case of Option B-2, the bit number of UCI for TB0 and TB1 can be represented by the following equation:
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 is used to keep the same modulation order over the layers, and is defined in the next section. 
3. Possible Options for HARQ-ACK/RI Replication Schemes
The proposals in [2]-[11] can be classified as following:
· Option A) Replicate before channel coding
· A-1) Use layer specific scrambler only 
· A-2) Use layer specific scrambler & different coded sequence selection 

· Option B) Replicate after channel coding (i.e. UCI symbol level replication)

· B-1) Use layer specific scrambler with corner constellation of modulation symbols 

· Note that before/after replication shall be the same when corner constellation is used

· B-2) Use layer specific scrambler without corner constellation of modulation symbols 
· Option C) Combination of replication and Alamouti mapping as shown in R1-104697
Note 1: Option A with corner constellation and Option B with corner constellation are regarded as a same scheme because the behaviour of the transmitter is almost the same in the case of 2Tx transmission. They are merged to Option B-1 for the simplicity. 

Note 2: Rank N receiver is applied for all options, because both layer specific scrambling and Alamouti mapping in time domain are non-linear operation and simple rank-1 equalization in frequency domain cannot be applied. As a result, the application of layer separation is appropriate.

3.1. Implementation Details for Option A

The motivation of Option A is that time-aligned replication is not necessary, because the use of rank N (i.e. N is equal to the rank of PUSCH) receiver is assumed (i.e. the use of rank 1 receiver is automatically precluded). Therefore, the application of a different modulation order for TB0 and TB1 is possible. As a result, the same transmitter chain as in TS36.212 can be reused. 
3.1.1. Option A-1

Layer Specific Scrambling is performed after channel interleaving as in Rel-8/9, and is almost the same as Rel-8/9 mechanism in section 5.3.1 of TS36.211. The only difference with Rel-8/9 is the definition of initialisation value of 
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where q is the TB index and 
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. Note that this formula is the same as that of the Rel-8/9 DL .  Furthermore the output sequence of the channel coding block (
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 for TBn) can be represented by the following equation:
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where bi is the output from 32 bit RM encoder defined in TS36.212, B=32, i = 0, 1, 2, …, Q(n)ACK-1, and n is TB index (0 or 1). In the case of Ln=2, the overall bits (
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) including data, HARQ-ACK, RI and CQI are divided into two layers by the serial-to-parallel transformation. 
3.1.2. Option A-2

The behaviour of Option A-2 is almost same as Option A-1. However, the difference is the output of  the channel coding block. More concretely, the output sequence of channel coding block (
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3.2. Implementation Details for Option B

The motivation of Option B is to keep the time aligned UCI symbol replication.
3.2.1. Option B-1

In option B-1, the time aligned property can be maintained by the use of corner constellation of UCI symbols. Therefore, 
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for TB1 are used, and the placeholder bit of x would be inserted to satisfy the UCI symbol alignment. For the first step, the coded bit sequence common for all layers (i.e. 
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Then the vector sequence 
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Set i ,k to 0
while 
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else if 
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else if 
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if (k+1) mod Ln=0, 
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 /* keep layer level time alignment in the case of Ln=2 */
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end while
It is noted that this algorithm suggests to the time-aligned UCI symbol mapping, but the amplitude of UCI symbols might be deferent depending on the modulation schemes for TBn. Although another interpretation of Option A-1 that “Use of QPSK without placeholder bit x, i.e. 
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3.2.2. Option B-2

In option B-2, time aligned property can be maintained by UCI symbol level replication. Here, it is assumed that 
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Then the vector sequence 
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Set i ,k to 0
while 
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if (k+1) mod Ln=0, 
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 /* keep layer level time alignment in the case of Ln=2 */
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end while

In this option, the layer specific scrambler is applied after the channel interleaving in order to achieve the precoder randomization property. The definition of initialisation value of 
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 is defined as following:
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The scrambled bit sequence of 
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 according to section 5.3.2 of TS36.211. Note that the modulator should consider that a different modulation scheme is applied to data and HARQ-ACK/RI part when 
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3.3. Implementation Details for Option C

Although Option C is a subset of Option B, the following mapping mechanism is employed to satisfy the Alamouti property in [X], instead of layer specific scrambler. Here, it is also assumed that 
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for the simplicity. Therefore, the output of channel coder can be represented as following:
Set k to 0
while 
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if k mod 2 = 0, 
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k=k+1
end while
Then the temporary vector sequence 
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Set i ,k to 0
while 
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if (k+1) mod Ln=0, 
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 /* keep layer level time alignment in the case of Ln=2 */
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 by the Alamouti mapping manner in R1-104697. The following algorithm is an example for rank-2 case. Note that the vector level conjugate operation is equivalent to the toggle of second MSB, and the vector level minus conjugate operation is equivalent to the toggle of fist MSB.
Set k to 0
while 
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k=k+8
end while
The scramble sequence C(i) is set to 0 when the corresponding bit b(i) is a UCI (i.e. HARQ-ACK/RI) information.
4. Simulation Assumptions
Table 1 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Channel Model
	SCM urban macro

· UE mobility: 3kmph
· Antenna configuration at eNB: cross polarized

· Antenna correlation at UE: cross polarized

· eNB Angle Spread: 8

	Number of assigned RBs
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for HARQ-ACK/RI
	ML

	Rank adaptation
	Off (Rank 2 fixed)

	Link adaptation
	On (Target BLER for UL-SCH = 10-1)

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation and sounding
	Realistic for demodulation and sounding

	Flashlight effect
	0 dB

	Scheduling Delay from SRS to PUSCH Transmission:
	8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme for UL-SCH
	Incremental Redundancy in TS 36.212
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	HARQ-ACK:

- 2.0 for 2 bits

- 4.0 for 4, 6 and 10 bits

RI:

- 1 for 2 bits
- 1.625 for 4, 6 and 10 bits

	Number of UCI symbols per layer (Q’)
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	Maximum Retransmission number
	4


5.  Conclusion

In this contribution, we provide the detail of our understanding for each option on UCI replication schemes. The assumptions described in this contribution are used in the simulations in [12].
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