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1
Introduction
In RAN1 #61, regarding how to multiplex UCI onto PUSCH with multiple spatial layers, the following agreement was made:
· HARQ-ACK and RI:

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

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· CQI/PMI: transmitted only on 1 codeword

· Reuse Rel-8 multiplexing and channel interleaving mechanisms
· Extension: The input to data-control multiplexing {
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· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2
· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection

In this contribution, we provide our views on the two remaining issues, i.e.,
· for CQI, which codeword should be selected to carry CQI

· for HARQ-ACK and RI, how to determine the number of UCI symbols on each CW and each layer
2
Codeword Selection for CQI
In order to decide which codeword we should select to carry CQI, we have carried our link level simulations to compare the following options:

· Option 1. Put CQI in CW0
· Option 2. Put CQI in CW1

· Option 3. Put CQI in codeword with higher MCS

· Option 4. Put CQI in codeword with lower MCS

Table 1 summarizes the simulations assumptions and Fig. 1-3 show the CQI FER performance of different options with either MMSE only receiver or MMSE-SIC receiver at the eNB. 
Note that, in case of SIC is used, CW1 is decoded after CW0 is decoded successfully and has been cancelled out.

 Table 1. Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH 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

	# CQI bits
	20

	Link adaptation 
	ON

	PUSCH target BLER at 1st txmn
	10%
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Figure 1. CQI FER at SNR=5dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)
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Figure 2. CQI FER at SNR=10dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)
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Figure 3. CQI FER at SNR=15dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)

In Table 2, we have listed the link throughput of each option when the FER of CQI is controlled below 1% through appropriate choice of 
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Table 2. Link Throughput Comparison (kpbs)
	
	SNR=5dB
	SNR=10dB
	SNR=15dB

	MMSE

only
	Option 1/2
	1012
	1686
	2566

	
	Option 3
	1005
	1689
	2506

	
	Option 4
	1022
	1730
	2567

	MMSE

+

SIC
	Option 1
	1164
	1947
	3080

	
	Option 2
	1110
	1878
	2890

	
	Option 3
	1156
	1885
	2890

	
	Option 4
	1149
	1911
	3018


From the results in Table 2, we can make the following observations:

· Option 4 (Put CQI in codeword with lower MCS) has the best performance with MMSE only receiver
· Option 1 (Put CQI in CW0) has the best performance with MMSE-SIC receiver 

In the case of SIC, the method of indication of which codeword is ‘CW0’, i.e. which codeword is decoded first, is TBD. 

So we have the following proposal regarding the selection of codeword to carry CQI:
· For MMSE only receiver

· Put CQI in codeword with lower MCS: CW
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· the number of coded symbols per layer for O-bit CQI is computed as:

· 
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· the total number of coded symbols for CQI is: 
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 where l is the number of layers CW
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 is mapped onto
· For MMSE-SIC receiver

· Put CQI in CW0 whose decoding does not depend on cancellation of CW1
· the number of coded symbols per layer for O-bit CQI is computed as:

· 
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· the total number of coded symbols for CQI is: 
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 where l is the number of layers CW0 is mapped onto

The meaning of the notations in the above equations are defined in [1] and [2].
3
Rule for Computing Number of Coded Symbols for HARQ-ACK and RI
Since HARQ-ACK and RI will be put into all layers of both codewords, we have identified the following potential options to compute the number of coded symbols in each layer for HARQ-ACK or RI:
· Option 1. Use spectral efficiency of CW0: SpecEff_0
· 
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· Option 2. Use spectral efficiency of CW1: SpecEff_1
· 
[image: image20.wmf]ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

×

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

=

å

-

=

-

-

PUSCH

sc

C

r

r

PUSCH

offset

initial

PUSCH

symb

initial

PUSCH

sc

M

K

N

M

O

Q

4

,

min

1

0

)

1

(

'

)

1

(

b


· Option 3. Use the larger spectral efficiency: max{SpecEff_0, SpecEff_1}
· 
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· Option 4. Use the aggregate spectral efficiency: SpecEff_0+SpecEff_1
· 
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To decide which one of the above options should be standardized, link level simulations have been done to compare these options. Table 3 summaries the simulations assumptions and Fig. 4-6 show the ACK BER performance of different options with either MMSE only receiver or MMSE-SIC receiver at the eNB.

Table 3. Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH 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

	# ACK bits
	10

	Pr(DTX(ACK or NACK)
	1%

	Link adaptation 
	ON

	PUSCH target BLER at 1st txmn
	10%
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Figure 4. ACK BER at SNR=5dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)
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Figure 5. ACK BER at SNR=10dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)
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Figure 6. ACK BER at SNR=15dB (Left: MMSE only receiver, Right: MMSE-SIC receiver)

Note that the same 
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 value has different meaning for the different options, therefore comparison should not be done directly by Figures 4-6 but rather by the throughput comparison given in Table 4. 

In Table 4, we have listed the link throughput of each option when BER of the ACK multiplexed onto PUSCH is controlled below 0.1% through appropriate choice of 
[image: image30.wmf]b

.

Table 4. Link Throughput Comparison (kpbs)
	
	SNR=5dB
	SNR=10dB
	SNR=15dB

	MMSE

only
	Option 1/2
	967
	1654
	2522

	
	Option 3
	990
	1653
	2515

	
	Option 4
	1110
	1697
	2557

	MMSE

+

SIC
	Option 1
	1096
	1930
	2968

	
	Option 2
	1037
	1923
	2992

	
	Option 3
	1133
	1876
	2898

	
	Option 4
	1123
	1906
	2914


From the results in Table 4, we can observe the followings:

· Option 4 (Use the aggregate spectral efficiency) has the best performance with MMSE only receiver

· No  single option has the best performance with MMSE-SIC receiver at all SNR values 

Our proposal for the formula to compute the number of coded symbols per layer for HARQ-ACK or RI is:

· Use the aggregate spectral efficiency: SpecEff_0+SpecEff_1 to compute the number of coded symbols per layer

· 
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4
Conclusions 

In this contribution, we have provided our views on the remaining issues for control and data multiplexing in case of SU-MIMO:




· CQI codeword selection:

· for MMSE only receiver, CQI is put in codeword with lower MCS: CW
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· use the spectral efficiency of CW
[image: image34.wmf]x

 to compute the number of coded symbols
· for MMSE-SIC receiver, CQI is put in CW0 whose decoding does not depend on cancellation of CW1; the method of indication of which codeword is ‘CW0’, i.e. which codeword is decoded first, is TBD. 
· use the spectral efficiency of CW0 to compute the number of coded symbols

· Formula for computing the number of coded symbols per layer for HARQ-ACK or RI:
· use the aggregate spectral efficiency: SpecEff_0+SpecEff_1 to compute the number of coded symbols per layer for O-bit HARQ-ACK or RI
· 
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