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1. Introduction  
According to TR 36.814, simultaneous PUCCH and PUSCH transmission is supported in addition to TDM type multiplexing. However，based on the LS of Ran4, it was proposed that concurrent transmission PUCCH and PUSCH should not supported in LTE-Advanced by some companies in RAN1 #60b meeting.  Although no consensus on this issue has been achieved now, for the UEs with power limitation, multiplexing control information with data on PUSCH seems to be a better choice from the coverage and performance point of view.
Different from the situation in Rel-8 that only one code-word and one layer in uplink, up to two code-words and four layers are supported in LTE-A. Thus new design of control-data multiplexing is needed in UL MIMO transmission. In Ran1#60bis, several schemes were presented in [1]~[7], and it was suggested that further study should be needed on this item.

In this contribution we will further discuss the issues relating to multiplexing control and data information in PUSCH with MIMO transmission. The comparison between the methods of UCI mapped on one CW and two CWs is given in section 2, and the method of selecting the CW with higher MCS level for UCI is suggested. Also the scheme of multiplexing of UCI on one CW was proposed in section 3, especially for the case that the selected CW is mapped to two layers.
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 could be used for PUSCH with MIMO transmission. When there is only one CW, the control information could be just multiplexed with data on it. While for the UEs with two CWs, there are two options: one CW or two CWs, i.e. the UCI could be multiplexed with data only on one CW or on all the CWs. We will give the comparison between the above two options from the aspect of simplicity, the robustness of UCI, impact on the throughput of data and decoding latency: 

· Simplicity 

For the option of different UCI transmitted on two CWs, the UCI is divided into two parts first, and then different part of UCI would be multiplexed with data on every CW. In this option an exact criteria need to be design on how to map the UCI on different CW, such as on the basis of the MCS, equally distribution or other rules. On the other hand, for the option of same UCI transmitted on two CWs, special detection method should be adopted in order to eliminate the inter-layer interference. Moreover, for the option of two CWs with same or different UCI, new method on how to get the number of REs occupied by UCI is needed. All of these will increase the complexity compared with the option of only one CW.

· Robust of the UCI and data
As for the option only on one CW, only the data on one CW will be impacted. However for the option on all CWs, the data on all CW will be impacted. This means that with the option on one CW, the data will be more robust. On the other hand, as the UCI don’t have HARQ, the UCI transmitted only on the CW with better channel quality will be more robust. So selecting the CW with better channel quality is preferred. 
· Impact on the throughput of data

As for the UCI transmitted on the CW with better channel quality, less data symbols would be replaced. Thus it seems that multiplexing the UCI only on the CW with better channel quality has less impact on the throughput of data than multiplexing on all the CWs. However, the data symbols on the CW with better channel quality also have better spectral efficiency. So, the two options always have the same impact. On the other hand, as the size of UCI is always small compared with data, these two options would have similar impact on the throughput of data. Our simulation also shows that the difference of the impact on data throughput of the two options is same in appendix.   

· Decoding latency of the SIC receiver 
When an SIC receiver is employed, the information of different CWs could not be available at the same time. The CW with better channel quality will be decoded firstly, and the CW with worse channel quality will be processed later. Thus, for the option of two CWs, the decoding latency of the whole UCI will be determined by the CW with worse channel quality. From the view of this point, selecting the CW with better channel quality would have less decoding latency. 

In all, based on the analysis above, it is proposed that only the CW with better channel quality should be selected. Further, as the MCS and other information in uplink grant is associated with the CW other than the layer, a UE does not have any information of each layer. Thus when the selected CW has two layers, the UCI should be multiplexed with data on all the two layers. 

The other issue needs to be considered is how to signal the UE the CW with better channel quality. Currently there are mainly four alternatives discussed in [4] [5]:
(1) Semi-statically configured by higher layer; 

(2) Signalled dynamically via PDCCH; 

(3) Implicitly linked to MCS; 

(4) Simply fix the selected CW to the first CW.

Among these methods, 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 signalling. On the other hand, for the method of selecting the CW through UL grant in PDCCH, it will introduce additional overhead in downlink control. As for most situation, the CW with higher MCS level is also the one with better channel quality, thus selecting the CW with higher MCS level is preferred, and in case that both CWs share the same MCS, the first or the second CW can be selected. 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 as Rel-8
For the case that the CW is mapped to two layers, the scheme as Rle-8 cannot be reused directly with the introduction of CW-to-Layer mapping as description in [5], thus a new design is needed. For the new scheme, the following two requirements should be satisfied: (1) the UCI should be multiplexed with data on every layer using the same rule in Rel-8; (2) uniform distribution of UCI on every layer after the CW-to-Layer mapping. Based on the analysis above, a scheme for UCI multiplexing on the CW mapped onto two layers is proposed. 
Assuming that the ACK/NACK, RI, CQI/PMI and data to be transmitted on the first layer is 
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, and the information on the second layer is 
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. Also according to the UL grant, the number of the sub-carrier for use is C, and the SC-FDMA symbol is R.

1) the UCI and data of different layer constitute multiple groups of virtual unit, for example 
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;
2) the virtual groups of ACK/NACK、RI、CQI/PMI and data would be interleaved as the method of Rel-8, the size of the interleaver is C*R;

3) The output of the interleaver is the virtual sequence with length C*R read out column by column;

4) Further a new sequence of length 2*C*R is generated with the first element of each virtual unit on its odd position and the second element on its even position. 
With the methods above, after the CW-to-Layer mapping, the UCI is multiplexed with data on every layer as Rel-8, and also the UCI transmitted on every layer meet our initial requirement. Moreover, the method should also be used for the situation that only UCI transmitted on the PUSCH without data.
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Figure 2  multiplexing UCI and data on each layer with the proposed scheme 

4. Conclusions

In this contribution, we discuss the scheme of multiplexing of control and data on PUSCH in UL MIMO. It is suggested that the UCI should be multiplexed on all the layers of only one CW and the CW with higher MCS level should be selected in case two CWs supported. Also a method on UCI multiplexing on one CW is proposed.
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6. Appendix

Table 1 Simulation Parameters
	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz, FFT size is 512

	Data transmission BW
	4 RBs 

	Slot format
	Short  CP

	Channel model
	Typical Urban (6 paths)

	Fading speed
	3km/h

	Antenna configuration
	2x2 for SU-MIMO

	Antenna correlation
	0.0

	Channel coding（Data）
	Turbo code

	Channel coding（UCI）
	As R8

	UCI bit number
	ACK=2

RI=2

CQI=11

	Modulation&Code rate
	AMC

	Receiver
	MMSE

	Channel estimation
	Practical 

	performacnce of data and UCI
	BLER_PUSCH=10%

BER_ACK=0.1%

BLER_RI=1%

BLER_CQI=5%
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Fig. 1 comparison of the throughput of data for the option of one CW and two CWs
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