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1
Introduction
In LTE Rel-8, in case that uplink control information (UCI) needs to be fed back when there is concurrent PUSCH transmission, UCI will be multiplexed with data and sent in PUSCH in order to maintain the single-carrier waveform in the uplink. In LTE Rel-10, when concurrent PUCCH and PUSCH transmission is allowed and the UE has enough power headroom, UCI can be sent in PUCCH, and in parallel, data is conveyed with PUSCH. In this case, we do not need to multiplex UCI to data. However, in some other cases, it is still desirable to multiplex UCI with data on PUSCH to avoid concurrent PUCCH and PUSCH transmission. One possible scenario could be when the UE has limited power headroom. Another one could simply be that the requested UCI, e.g. CQI, is aperiodic. Compared to LTE Rel-8, spatial multiplexing of up to 4 layers is to be supported in the uplink of LTE Rel-10. Regarding how to multiplex UCI and data in PUSCH when there are multiple spatial layers, in 3GPP RAN1#60bis, the following design guidelines were agreed:
· consider the aspects of simplicity, decoding latency, throughput loss, robustness of UCI
· different UCI may have different robustness requirements
· it is possible that different UCIs could have different mapping rules
In this contribution, we provide our views on this topic.
2
Rel-8 Rule for Control and Data Multiplexing
In LTE Rel-8, only single layer PUSCH is supported. When UCI is due in the same subframe as the scheduled PUSCH,   the uplink control is multiplexed with data as shown in Fig. 1. 
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Figure 1. Control and data multiplexing in LTE Rel-8 [1]
The number of coded symbols for UCI is determined as follows:

· for HARQ-ACK or RI: 
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· for CQI: 
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The meaning of the notations in the above equations is described in Table 1(see also [1]).
Table 1. Meaning of Notations

	Notation
	Meaning
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	number of ACK/NACK, RI, or CQI bits
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	initially scheduled bandwidth for the same TB, expressed as # of subcarriers 
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	scheduled bandwidth for the current PUSCH in the unit of subcarrier 
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	number of code blocks for the TB 
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	number of bits for code block number r 
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	offsets configured by higher layers 
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	number of SC-FDM symbols in the subframe for initial PUSCH transmission 
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	number of SC-FDM symbols in the current PUSCH transmission subframe 


3
Proposed Rule for Control and Data Multiplexing in LTE Rel-10
In LTE Rel-10, SU-MIMO is supported in the uplink. When multiple spatial layers are multiplexed for PUSCH, our proposals for multiplexing UCI with data in PUSCH are as follows:
· 1. UCI should be mapped to all the layers associated with all codewords
· 2. Coded modulation symbols for UCI should be TDMed with data before DFT precoding
· 3. UCI mapped to each layer should be time-domain aligned in each SC-FDM symbol
One example of our proposed UCI and data multiplexing in case of rank-2 PUSCH transmission is shown in Fig. 2.

[image: image12.emf]CQI

RI

ACK

RS RS

DATA

SC-FDM symbols

t

i

m

e

 

d

o

m

a

i

n

 

m

o

d

u

l

a

t

e

d

 

s

y

m

b

o

l

s

 

f

o

r

 

e

a

c

h

 

S

C

-

F

D

M

 

s

y

m

b

o

l

Layer: 0

CQI

RI

ACK

RS RS

DATA

SC-FDM symbols

Layer: 1

t

i

m

e

 

d

o

m

a

i

n

 

m

o

d

u

l

a

t

e

d

 

s

y

m

b

o

l

s

 

f

o

r

 

e

a

c

h

 

S

C

-

F

D

M

 

s

y

m

b

o

l


Figure 2. Control and data multiplexing in LTE Rel-10

The proposed multiplexing scheme enjoys simplicity and provides robustness to UCI since the UCI will be able to see the complete spatial channel. The proposed time-domain alignment across different layers will enable close to optimum decoding of control information with reasonable implementation complexity. Furthermore, decoding of UCI does not depend on the decoding of data. So the decoding latency is low.
With the above mapping of UCI to different layers, regarding the total number of coded symbols required for the UCI, which could be CQI/PMI, HARQ-ACK, or Rank Indication, we have the following proposals:
· 4. the total number of coded symbols for UCI within each layer is determined as follows:
· for HARQ-ACK or RI: 
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· for CQI: 
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· in the above equations, 
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denotes the number of code blocks for transport block 
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, which could be 0 or 1;  
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In essence, when we multiplex UCI with data in PUSCH, we view those time domain modulation symbols before DFT precoding from different spatial layers at the same time position as one effective modulation symbol experiencing the complete spatial channel, which offers robustness to UCI.
4
Conclusions 

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




· UCI should be mapped to all the layers associated with all codewords

· Coded modulation symbols for UCI should be TDMed with data before DFT precoding

· UCI mapped to each layer should be time-domain aligned in each SC-FDM symbol 
· The total number of coded symbols for UCI within each layer is determined by the overall spectral efficiency of the MIMO channel
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