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1 Introduction

Considerable progress about UCI multiplexing on PUSCH was made before RAN1 #62bis meeting. In RAN1#61 meeting [1], HARQ-ACK and RI (rank indicator) multiplexing schemes on PUSCH in case of SU-MIMO were discussed and the following conclusion was reached:

· Replicated across all layers of both CWs

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers

In RAN1#62 meeting [2], the number of UCI symbols on each CW and each layer for HARQ-ACK/RI was agreed as a simple extension of Rel-8:
· 
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And two RRC-configured PUSCH beta offset values were adopted, one for single-CW transmission and the other for multi-CW transmission.

However, how to replicate HARQ-ACK and RI is still under discussion. The final decision would be made according to the following agreement made in RAN1 #62 meeting [2].

· In the case of rank>1 PUSCH transmission: 

· Choose one of the following schemes:

· Option A) Replicate before channel coding

· Option B) Replicate after channel coding 

· Option C) Combination of replication and Alamouti mapping as shown in [3].
· Evaluate between

· Combined use of layer (or transport block) specific scrambler and/or corner constellation point of modulation symbols 

· Use all constellation points of the associated PUSCH modulation size( QPSK, 16QAM and 64QAM)
· Final decision should be made considering the following points

· Performance of  {2, 4, 6 and 10} bits HARQ-ACK and RI 

· Higher payload may be considered, depending on CA session TDD discussion

· Commonality with Rel-8    
In this contribution, we provide our views on how to replicate HARQ-ACK and RI.
2 Schemes for Replicating HARQ-ACK and RI
According to the agreement made in RAN1 #62 meeting, the scheme for replicating HARQ-ACK and RI would be chosen from the following schemes.   
Option A: Replicate before channel coding
HARQ-ACK or RI information sequence is first replicated to N groups and then channel encoding is performed for each group, where N is the number of transport block (TB). The basic processing steps for this scheme can be shown in figure 1. From figure 1, we can see that option A can reuse the processing chain of Rel-8 for multiplexing HARQ-ACK or RI on each transport block, thus it has commonality with Rel-8.
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Figure 1 Processing chain of transmitting using option A
Based on the fundamental concept, two candidates can be established for this option.
· Option A-1: Select the coded sequence for different TB in the same way
HARQ-ACK or RI information sequence is first replicated so that the same HARQ-ACK or RI information sequence would be multiplexed on each transport block, and then perform channel coding for the HARQ-ACK or RI information sequence multiplexed on each transport block. When the HARQ-ACK or RI consists of more than two bits information, the output sequence 
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 of channel coding block for TB n can be represented by equation (2),
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where n is the transport block index, bi is the output from 32-bit RM encoder defined in [4], B=32, 
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is calculated according to equation (1). When the HARQ-ACK or RI consists of one or two bits information, the output sequence
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of channel coding block for TB n is obtained by concatenation of multiple encoded HARQ-ACK blocks defined in [4].
Transport block specific scrambler is performed after channel interleaving as in Rel-8/9. The scrambling sequence generator can be initialised with 
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 at the start of each subframe, where q is the transport block index and
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From the principle of this option, we can see that this option can reuse the coding method and processing chain for HARQ-ACK or RI in Rel-8, thus it has commonality with Rel-8 and needs little standardization work. 

· Option A-2: Select the coded sequence for different TB in different way
Option A-2 is almost the same as option A-1. The difference is the output sequence of channel coding block when the HARQ-ACK or RI consists of more than two bits information. In this option, the output sequence of channel coding block for the case of more than two bits HARQ-ACK or RI information can be represented by equation (3).
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As option A-1, the option can reuse the coding method and processing chain for HARQ-ACK or RI in Rel-8, thus it has commonality with Rel-8 and needs little standardization work. What is more, it can have some coding gain due to different coded sequence selection for different transport block.
Option B: Replicate after channel coding
HARQ-ACK or RI information sequence is first encoded by one channel coding block and then replication is performed using the encoded bits.  The basic processing steps for this scheme can be shown in figure 2. From figure 2, we can see that option B can reuse the processing chain of Rel-8 for multiplexing HARQ-ACK or RI, and thus it has commonality with Rel-8.
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Figure 2 Processing chain of transmitting using option B

Based on the fundamental concept, three candidates can be established for this option. According to the agreement in RAN1 #61 meeting, HARQ-ACK and RI should be TDM multiplexed with data such that UCI symbols are time-aligned across all layers [1], so one key design for option B is how to keep the time aligned property. Meanwhile, the modulation order for HARQ-ACK or RI is also a key issue, because it would influence the pros and cons of this option.
· Option B-1: Use corner constellation modulation for HARQ-ACK/RI 
HARQ-ACK or RI information sequence is first encoded by one channel coding block to generate QACK bits HARQ-ACK or RI coded bits, then the coded bits sequence are replicated to N groups and each group for one transport block, where N is the number of transport block. Corner constellation modulation for HARQ-ACK or RI is used to keep the time aligned property. Corner constellation modulation is to map the coded HARQ-ACK or RI bits into the corner points of the constellation diagram, which can maximize the Euclidean distance of the modulation symbols carrying HARQ-ACK or RI information.
The coded bits sequence 
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 common for all layers is generated by equation (2) with
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 for the case of more than two HARQ-ACK or RI information bits. Then the vector sequence 
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for transport block n can be obtained as follows:

Set i, k to 0
while 
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if ((k+1) mod 
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end if
end while
where 
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Transport block specific scrambler can be performed after channel interleaving as described in option A-1.  
From the principle of this option, we can see that it can reuse the 32-bit RM coding method and processing chain for HARQ-ACK or RI in Rel-8, thus it has commonality with Rel-8. However, this option needs to use corner constellation modulation for the case of more than two HARQ-ACK or RI information bits. In Rel-8, corner constellation modulation is not used for more than two HARQ-ACK information bits [4], thus this option needs some standardization work.
· Option B-2: Use the same modulation order for HARQ-ACK/RI on all TBs  
The difference between option B-2 and option B-1 is using the same modulation order
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of channel coding block can be represented by equation (2) with
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for transport block n can be obtained as follows:

Set i, k to 0
while 
[image: image39.wmf])

(

'

n

ACK

Q

k

<



[image: image40.wmf]T

ACK

Q

i

ACK

i

n

ACK

k

common

m

q

q

q

]

,

 

,

 

[

)

(

)

(

+

××

×

=


if ((k+1) mod 
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end while
Transport block specific scrambler can be performed after channel interleaving as described in option A-1. 
From the principle of this option, we can see that it can reuse the 32-bit RM coding method and processing chain for HARQ-ACK or RI in Rel-8, thus it has commonality with Rel-8 this option. However, if the modulation order for the data of one transport block is different from the other one, the option would result in that the modulation order for HARQ-ACK or RI and data on one transport block are different, which would increase complexity for some processing block, e.g., modulation block, thus the option is a little complex.
· Option B-3: Perform the channel coding for the HARQ-ACK/RI multiplexed on the two TBs jointly and use the same modulation order for HARQ-ACK/RI and data on each TB
HARQ-ACK or RI information sequence is first encoded by one channel coding block to generate QACK bits HARQ-ACK or RI coded bits, then the coded bits are divided to two groups and each group for one transport block. That is, the channel coding for the HARQ-ACK/RI multiplexed on the two TBs is performed jointly.
The coded bits sequence is generated by equation (2) with
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 is the number of HARQ-ACK or RI coded bits for transport block n, 
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 is the number of layers for transport block n. The generated QACK bits HARQ-ACK or RI coded bits are divided to each transport block with the first 
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 for transport block n is then processed by channel interleaver block as Rel-8/9.  The modulation order for HARQ-ACK or RI is the same as data on each TB which can guarantee that the number of modulation symbols on each layer is
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, thus this option can keep the time aligned property. What is more, same modulation order for HARQ-ACK/RI and data on each TB can avoid the problem brought by option B-2.
Transport block specific scrambler can be performed after channel interleaving as described in option A-1.  
From the principle of this option, we can see that this option has several benefits. Firstly, it can reuse the coding method and processing chain for HARQ-ACK or RI in Rel-8, and it does not need corner constellation to keep time aligned property as option B-1, thus it has commonality with Rel-8 and needs little standardization work. Secondly, it would not increase complexity for modulation block as option B-2. Finally, performing the channel coding for the HARQ-ACK/RI multiplexed on the two TBs jointly would bring some coding gain in some cases. 
Option C: Combination of replication and Alamouti mapping
Common scrambling sequences are applied to the encoded HARQ-ACK bits and then the scrambled HARQ-ACK symbols are replicated across layers and formed into modulation symbol, conventional Alamouti encoding across symbols is then performed. The basic processing steps for HARQ-ACK or RI can be shown in figure 3 [3]. From figure 3, we can see that option C would change the processing steps of Rel-8 a lot, thus it increases the implementation complexity and needs much standardization work.
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Figure 3 Processing chain of transmitting for HARQ-ACK/RI using option B
According to the principle of each scheme, we can see that both option A and option B have commonality with Rel-8 and would not need much standardization work. However, option C needs much change compared to the mechanism of Rel-8, thus it would increase the complexity and has no commonality with Rel-8, and much standardization work is also needed. 
When choosing the scheme for replicating HARQ-ACK and RI, we should considering the complexity and commonality with Rel-8 besides performance, so option C is not a better choice. Thus, the contribution mainly provides the performance evaluation for option A and option B in section 3.    
3 Simulation Parameters and Results 
In this section, the performance of each candidate for option A and option B described in section 2 is evaluated and compared. BER and throughput are evaluated for each scheme. In order to evaluate the BER performance for different options with the same beta value, the simulation results shown in figure 4 to figure 7 for 4 bits and 6 bits HARQ-ACK are simulated using 4 as the beta value. And in order to evaluate the needed beta value for different options for the same BER performance, the simulation results shown in figure 8 for 10 bits HARQ-ACK are simulated under different beta values. Other simulation assumptions can be found in Appendix A. The following figures show the simulation results for 4 bits, 6 bits and 10 bits HARQ-ACK. The jaggedness of the curves in figures 4, 6, and 8 is due to the low investigated BER and variations seen from having different MCS for different SNR points.
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Figure 4 HARQ-ACK BER for 4 bits HARQ-ACK         Figure 5 Data throughput for 4 bits HARQ-ACK
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Figure 6 HARQ-ACK BER for 6 bits HARQ-ACK           Figure 7 Data throughput for 6 bits HARQ-ACK
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(8-a) HARQ-ACK BER at 2dB SNR                                  (8-b) HARQ-ACK BER at 8dB SNR
Figure 8 HARQ-ACK BER for 10 bits HARQ-ACK in case of different beta value   
According to the principle of option A-2 and option B-3, we can see that the coded HARQ-ACK bits for transport block n in option A-2 are actually the same as that in option B-3.  The difference of option A-2 and option B-3 is that option A-2 needs two channel coding blocks, while option B-3 only needs one channel coding block. Thus the performance of option A-2 is the same as that of option B-3. 
From figure 4 to figure 8, we can see the following observations:

Observation 1: The BER performance for all the options can go down to below 1% when the SNR is above 2dB and the beta value for HARQ-ACK is 4, which can meet the target BER of HARQ-ACK and RI.   
Observation 2: The throughput for each scheme is nearly the same. Option B-3 and option A-2 can have a little performance gain in some cases. 

Observation 3: The beta value needed for option B-3 and option A-2 is a little smaller than other options to get the same BER performance of HARQ-ACK in case of 10 bits HARQ-ACK, which means option B-3 and option A-2 can spend less resource in getting the same BER performance for HARQ-ACK as other options.
Since the performance for each scheme is nearly the same, we should choose the scheme for replicating HARQ-ACK or RI considering the commonality with Rel-8 and the complexity. Table 1 summarize the pros and cons for the candidates for option A and option B briefly based on section 2 and section 3. 

Table 1 Options for replicating HARQ-ACK/RI
	
	Pros
	Cons

	Option A-1: Select the coded sequence for different TB in the same way
	· Has commonality with Rel-8
· little standardization work
	

	Option A-2: Select the coded sequence for different TB in different way
	· Has commonality with Rel-8
· little standardization work
· has a little performance gain in some cases
	

	Option B-1: Use corner constellation modulation for HARQ-ACK/RI
	· Has commonality with Rel-8
	· needs more standardization work due to corner constellation modulation compared to other options

	Option B-2: Use the same modulation order for HARQ-ACK/RI on all TBs 
	· Has commonality with Rel-8
· little standardization work
	· Would increase complexity for some processing block, e.g., modulation block, thus the option is a little complex.

	Option B-3: Perform the channel coding for the HARQ-ACK/RI multiplexed on the two TBs jointly and use the same modulation order for HARQ-ACK/RI and data on each TB
	· Has commonality with Rel-8
· little standardization work
· has a little performance gain in some cases
	


From Table 1, we can see that option A-2 and option B-3 have the most pros and no cons. Option B-3 is simpler than option A-2 because it only needs to perform the channel coding once, so we prefer option B-3 for replicating HARQ-ACK or RI slightly. 
4 Conclusion 
 In this contribution, we provide our views on how to replicate HARQ-ACK and RI. Based on the analysis in section 2 and section 3, it is proposed that:

· Replicate HARQ-ACK/RI after channel coding should be chosen.

· Perform the channel coding for the HARQ-ACK/RI multiplexed on the two TBs jointly.
References
[1] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #61 v0.1.0”
[2] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #62 v0.1.0”
[3] R1-104697, “UCI Mapping Schemes When Multiplexed with UL-MIMO PUSCH”, Motorola, Madrid, Spain, Augest 23- Augest 27, 2010.
[4] GPP TS 36.212 V9.2.0: “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding”.
Appendix A

Simulation Assumptions 

Table 2 Simulation Assumptions 

	Parameter
	Value

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	PUSCH bandwidth
	4RBs

	Channel model
	TU6

	Velocity
	3km/h

	Antenna configuration
	2x2

	Antenna correlation
	0.0

	Transmission rank
	2 

	Channel estimation
	Real 

	CP
	Normal

	# HARQ-ACK bits
	4, 6, 10

	Link adaptation
	On, Target BLER for UL-SCH = 10%

	Encoder for HARQ-ACK
	32-bit RM encoder 

	Receiver for data
	MMSE

	Receiver for HARQ-ACK
	Maximum likelihood

	Frequency hopping 
	off

	Maximum retransmission number
	4

	Precoding Matrix
	PMI adaptation 
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