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1. Introduction  
In RAN1 #55bis meeting, it was agreed that simultaneous PUCCH and PUSCH transmission is supported in addition to TDM type multiplexing. However, for the UEs with power limitation, making control information fall back to multiplexing with data on PUSCH seems to be a better choice from the coverage and performance point of view.
In LTE only one layer and one CW is supported in the uplink transmission, while up to four layers and two CWs are supported in LTE-A. Thus new design of control-data multiplexing are needed in UL MIMO transmission. In RAN1#60 meeting, several schemes were presented in [1]~[3].

In this contribution we will further discuss some issues relating to the schemes of multiplexing control and data information in PUSCH with MIMO transmission.
2. Multiplexing of UCI and data in UL-MIMO transmission
As multiple transmit antennas are supported in LTE-A for uplink transmission, up to two CWs are supported for PUSCH with MIMO transmission. When there is only one CW, the control information should be multiplexed with data on it. While for the UEs with two CWs, there are two options for the multiplexing of control and data:

Option 1: One CW. With this option, only one CW is selected for the transmission of the UCI. In order to get better performance for control signaling, the selected CW should be the one with better channel quality. And there are several alternatives to signal the UE the CW to be used, (1) semi-statically configured by higher layer; (2) signaled dynamically via PDCCH; (3) implicitly linked to MCS; or (4) simply fix the selected CW to the first CW. 

Option 2: Two CWs. With this option, both CWs are selected to transmit the UCI. In order to get the whole control information, eNB should detect the UCI on both CW correctly. 

Option 1 is slightly preferred due to its simplicity. Considering Option 1, as the control information is more important than data, UCI should be transmitted on the layer(s) with better quality. In RAN1#60, the layer shifting of uplink was precluded. Thus when the MCS of the two CWs are different, selecting the CW with higher MCS would be a good choice and no additional control overhead is introduced. In case that both CWs share the same MCS, the first or the second CW can be selected. On the other hand, if the selected CW is configured by RRC, it may not reflect the exact channel quality in time due to the long periodicity of higher layer signaling. And for the method of selecting the CW through UL grant in PDCCH, it will introduce additional overhead in downlink control. Therefore, we slightly prefer   selecting the CW with higher MCS. If the future evaluation shows that the performance difference between selecting the CW with higher MCS and   fixing it to the first one is negligible, it is also fine to fix the selected CW to the first CW from the simplification point of view.

3. Multiplexing of UCI and data on one CW
In this section, we will further discuss the ways of multiplexing the UCI with data on one CW. As stated in TR36.814, the CW would be mapped to one or two layers, and the layer mapping is the same as downlink spatial multiplexing in Rel-8.

For the case that the CW is only mapped to one layer, the same control-data multiplexing scheme as defined in Rel-8 should be reused, as shown in Figure 1.
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Figure 1 multiplexing of UCI and data in Rel-8
For the case that the CW is mapped to two layers, if the same multiplexing scheme as Rle-8 is reused,, the multiplexing of control and data may be different on the two layers after the CW-to-Layer mapping. An example is shown in Figure 2.

[image: image2.emf] 

CW-to-

Layer 

Mapping

C3

A9

A1

A5

C14

C2

A8

A0

A4

C5

D

M

R

S

c4

R9

R13

R1

C8

A10

A2

A6

C6 C9

A11

A3

A7

C7

R10

R14

R2

R6

D

M

R

S

C12

C0

C13

C1

R8

R12

R0

R4

C11 C10

R11

R15

R3

R5 R7

Data

ACK RI

CQI

Channel Interleave

A9

A1

C14

A8

A0

D

M

R

S

R9

R1

A10

A2

A11

A3

R10

R2

D

M

R

S

C12

C13

R8

R0

R11

R3

A5

A4

D

M

R

S

R13

R5

A6

A7

R14

R6

D

M

R

S

R12

R4

R15

R7

C3 C2 C5 c4 C8 C6

C9

C7 C0 C1 C11 C10

Read 

out 

Col 

by 

Col

Layer  1

Layer  2

time

f

r

e

q

u

e

n

c

y


Figure 2 UCI mapped to two layers with the multiplexing scheme of Rel-8

From Figure 2 we can see the position and the number of REs occupied by UCI on different layers is not the same due to the impact of CW-to-layer mapping. The situation for CQI is much more serious, as also can be seen in Figure 2. The asymmetry transmission on two layers will make it difficult to take full advantage of the spatial diversity gain. In addition, some new requirements in LTE-A cannot be fulfilled by just reusing the same multiplexing scheme in Rel-8, such as the transmit diversity of the UCI on the two layers, or different processing of the UCI transmitting on different layers to improve the transmission quality of the control. Therefore, new method of the control-data multiplexing should be designed when the CW is mapped to two layers. 

4. Conclusions

In this contribution, we discuss the scheme of multiplexing of control and data on PUSCH in UL MIMO. 
Proposal 1: UCI should be multiplexed only on one CW
Proposal 2:The exact method of multiplexing control information on the CW that is mapped to two layers is FFS.
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