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1. Introduction

During RAN1 Meeting #62 (Ref. [1]), significant progress was made on defining the details of UCI multiplexing on PUSCH for SU-MIMO, in particular on the resource allocation of UCI on PUSCH, the number of beta values, and on the MCS or TBS CW selection method (Refs. [2] to [5]). 
A topic that is open since RAN1 #61 bis (Ref. [6]) is the clarification of the definition of the replication UCI A/N and RI bits. As shown in Ref. [1], the replication options that need to be evaluated are:
· “Option A) Replicate before channel coding

· Option B) Replicate after channel coding 

· Option C) Combination of replication and Alamouti mapping  as shown in R1-104697”
To help the selection process, this contribution presents link level simulation results for UCI mapping on PUSCH, using the UCI replication options listed above.
2. Description of the Framework
For the simulations presented in this contribution, the various replication options are implemented for the architecture using transport block specific scrambling. 

A block diagram for replication Option A (before the channel coding) is shown in Figure 1 for the case when the HARQ ACK/NACK information consists of 3 to 11 bits, where for simplicity only the processing chain for the UCI ACK/NACK bits is illustrated. In Figure 1 and Figure 2 below, [image: image2.png]


 and [image: image4.png]


 represent the number of layers for CW1 and CW2, respectively, and [image: image6.png]Q1 Qmz



 represent the number of bits per modulation symbol for CW1 and CW2, respectively.
The functionality of the extended channel coding and repetition block from Figure 1 is described below for replication Option A and the case when the HARQ ACK/NACK information consists of 3 to 11 bits [image: image8.png][0g“F 0¥,
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]. In the description below,[image: image10.png]Qack
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 for CW1 and [image: image14.png]Qack = Q ack " Qma2



 for CW2.
a. Use the (32, x) Reed Muller coding specified with the basis sequences [image: image16.png]


 specified in Section 5.2.2.6.4 of Ref. [11] to generate the coded bits [image: image18.png]
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b. For CW1, if [image: image22.png]Ny, >1



, repeat groups of [image: image24.png]


 bits for each layer of the current CW, to generate the sequence of length [image: image26.png]N1+ Qack
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Note that for 16-QAM and 64-QAM, the repetition method presented above is employed when all the points of the constellation are used. 
c. Convert to vectors of size [image: image30.png]Q1" Niq



 for input to the extended channel interleaver.

d. Repeat Steps “b” and “c” above for CW2.
[image: image31.emf]Replication of A/N bits

Extended 

channel coding 

and repetition to:

Modulation type 

(or Qm1) for CW1

Number of layers

(NL1) for CW1

To CW1 chain

Option-A (Replication before channel coding), 

using all constellation points

For CW1

To CW2 chain

Modulation type 

(or Qm2) for CW2

Number of layers

(NL2) for CW2

For CW2

Extended 

channel coding 

and repetition to:

Extended channel interleaver

From RI 

channel coding

From data and control multiplexing

CQI/PMI multiplexed on one CW only 

(CW1 or CW2)

Scrambling

Modulation

Extended channel interleaver

From RI 

channel coding

Scrambling

Modulation

CW to layer mapping

Precoding

1 1

'

L m ACK

N Q Q

 

2 2

'

L m ACK

N Q Q

 

ACK

O

ACK ACK

ACK

o o o

1 1 0

, , ,





“O

ACK

” ACK/NACK bits:

ACK

N Q Q

ACK ACK

L m ACK

q q q

1 1 0

2 2

, , ,

  



 ACK

N Q Q

ACK ACK

L m ACK

q q q

1 1 0

1 1

, , ,

   



From data and control multiplexing

CQI/PMI multiplexed on one CW only 

(CW1 or CW2)

ACK

O

ACK ACK

ACK

o o o

1 1 0

, , ,





ACK

O

ACK ACK

ACK

o o o

1 1 0

, , ,






Figure 1 Option A – replication before channel coding
A block diagram for replication Option B (after the channel coding) is shown in Figure 2 for the case when the HARQ ACK/NACK information consists of 3 to 11 bits, where for simplicity only the processing chain for the UCI ACK/NACK bits is illustrated.

The processing chain for replication Option B depicted in Figure 2 is described below for the information bits [image: image33.png][0g“F 0¥,
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], with [image: image35.png]3= Oy =11



:
a. Use the (32,x) Reed Muller coding to generate the coded bits [image: image37.png]


.
b. Replicate the Reed Muller encoded bits for CW1 and CW2.

c. For CW1, if [image: image39.png]


, perform circular repetition of the [image: image41.png]


 bit stream to generate the bit sequence of length [image: image43.png]


, [image: image45.png]


 , where [image: image47.png]GOk 202,01 =Q ack Qi -Nyy — 1



  
d. Convert to vectors of size [image: image49.png]Q1" Niq



 for input to the extended channel interleaver.

e. Repeat Steps “c” and “d” for CW2.
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Figure 2 Option B – replication after channel coding
For the link level simulations presented in this contribution, replication Option C is implemented as shown in Ref. R1-104697.

The number of A/N and RI resources per layer is set as agreed in RAN1 #61b (Ref. [6]) and captured in section 5.2.2.6 of the draft CR 36.212 (Ref. [8]), namely: 
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3. Simulation Configuration and Assumptions 
The MMSE receiver is used for the simulations in this paper. Other simulation parameters and assumptions are listed in Table 2.
Table 2. Link Level Simulation assumptions
	Parameter
	Assumption

	Carrier center frequency
	2.0 GHz

	Transmission bandwidth
	5MHz

	Data transmission BW (PRB allocation)
	4 RBs (48 subcarriers): contiguous RB allocation

	Slot format
	Normal CP (7 symbols per TS)

	RB allocation
	Static

	Number of SC-FDMA data symbols per subframe
	12 (i.e., normal CP case)

	Power control
	Fixed power

	Antenna configurations 
	4 x 4  

	Antenna gain imbalance (AGI)
	0 dB, 6 dB, 10 dB

	Fading model
	EPA, 3km/h (5 Hz Doppler) – labeled EPA5 in the figures

	Antenna correlation
	Correlation matrix (low) as defined in TS36.814 

	Link adaptation
	Disabled

	Rank adaption
	Disabled

	MCS
	Modulation: QPSK, 16 QAM, 64 QAM

	Channel estimation
	Realistic 

	HARQ (for PUSCH)
	IR 

	Max. number of transmissions
	4 (including 1st transmission)

	HARQ round trip
	8 ms

	Number of HARQ A/N bits
	Configurable (see Table 3)

	Channel coding of UCI
	As defined in the CR to 36.212

	Receiver 
	MMSE

	Receiver for UCI (HARQ A/N, RI)
	MMSE/MRC

	Frequency hopping
	Disabled


A summary of the simulation scenarios is shown in Table 3 below.

Table 3 Summary of the simulations
	CW1
	CW2
	Number of A/N bits
	Number of RI bits

	QPSK
	16 QAM
	2, 4, 6, 10
	2, 4, 6, 10

	QPSK
	64 QAM
	2, 4, 6, 10
	2, 4, 6, 10

	16 QAM
	64 QAM
	2, 4, 6, 10
	2, 4, 6, 10

	16 QAM
	16 QAM
	2, 4, 6, 10
	2, 4, 6, 10


For the scenarios where the modulation type for CW1 is different from CW2, the transport block sizes and the relative power of the codewords were chosen such that the BLERs of CW1 and CW2 are about the same.
4. 
Simulation results
This section presents simulation results for the replication options A, B and C, for the scenarios listed in Table 3. For Figure 3 to Figure 6, all the points of the constellation were used for mapping the coded bits to modulation symbols (the curves are labeled as “full”)..
The A/N BER versus SNR for the case when both CW1 and CW2 use 16QAM is plotted in Figure 3 for 2, 4, 6 and 10 A/N information bits. 
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Figure 3 A/N BER vs. SNR for CW1 16QAM, CW2 16QAM
The A/N BER versus SNR for the case when CW1 uses QPSK and CW2 uses 16QAM is plotted in Figure 4, for 2, 4, 6 and 10 A/N information bits.
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Figure 4 A/N BER vs. SNR for CW1 QPSK, CW2 16QAM
The A/N BER versus SNR for the case when CW1 uses QPSK and CW2 uses 64QAM is plotted in Figure 5, for 2, 4, 6 and 10 A/N information bits.
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Figure 5 A/N BER vs. SNR for CW1 QPSK, CW2 64QAM
The A/N BER versus SNR for the case when CW1 uses 16QAM and CW2 uses 64QAM is plotted in Figure 6, for 2, 4, 6 and 10 A/N information bits.
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Figure 6 A/N BER vs. SNR for CW1 16QAM, CW2 64QAM
To investigate the impact of using the corners of the constellation versus using the full constellation, a 2x2 simulation was run for replication option A, with CW1 configured for QPSK and CW2 configured for 16QAM. The simulation was run for 6 A/N information bits and various beta values, resulting in Q’ACK=5, 7, 8, and 10. The simulation results are shown in Figure 7. It can be seen that for larger values of Q’ACK, where puncturing that occurs for the configuration using the corners of the constellation is less severe, the “corners” outperforms the “full” constellation. This is because the SNR gain due to using the corners of the constellation compared to the full constellation outweighs the coding gain associated to the use of the “full” constellation. However, as Q’ACK decreases, the benefit of the “corners” configuration diminishes and can disappear due to the loss of coding gain as a result of too much puncturing. 
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Figure 7 A/N BER for Option A: full constellation vs. corners
5. Comments and Conclusions
This contribution presented link level simulation results to compare the relative performance of the UCI A/N and RI replication methods. 
The simulation results show that in most of the cases, for A/N BER in the range of 10-3 to 10-2, replication options A, B and C have very similar performance.

Given the similar performance results, we believe that the additional complexity associated with the Alamouti based replication option C is not justified.
Since options A and B are less complex and result in less changes to the Rel-8 standards as compared to option C, we propose using either replication Option A, or B.
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