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1 Introduction
As stated in TR36.814, “simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms

-
Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

-
Control signalling is transmitted on PUCCH simultaneously with data on PUSCH”

Although control may be transmitted on PUCCH simultaneously with data on PUSCH, control signalling multiplexing with data on PUSCH is still needed for at least the following cases:

· Multiplexing data and control on PUSCH reduces CM and hence increases the coverage.

· When CQI/PMI/RI and maybe other channel state information is triggered by PDCCH that assigns UL-SCH transmission, such control information has to be multiplexed together with data on PUSCH.

For one layer, the same control-data multiplexing scheme as Rel-10 should be used. New designs of control-data multiplexing are needed for scenarios with multiple MIMO layers. In other words, designs are needed for codewords mapped to two, three, or four MIMO layers.

In this contribution, ways to multiplex control and data in multi-layer PUSCH transmission are discussed.
2 Multiplexing of Control and Data in LTE-A
The combinations of codeword (CW) to layer mapping for LTE-Advanced uplink MIMO are shown in Figure 1. Here each codeword is composed of the modulation symbols of one TB.
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(a) One codeword mapped to one layer



(b) Two codewords mapped to two layers
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(c) Two codewords mapped to 3 layers



(d) Two codewords mapped to 4 layers
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(e) One codeword mapped to 2 layers

 Figure 1. Codeword-to-layer mapping for LTE-Advanced uplink. (e) is for retransmission only.

How to multiplex control and data on PUSCH needs to be studied for (b)-(e) in Figure 1. There are at least two strategies to extend the control-data multiplexing to multi-layer MIMO PUSCH transmissions:

Strategy (A). Single-CW. Select layers associated with one of the CWs for control-data multiplexing. A criteria/rule is needed to select the appropriate CW. The CW can be selected explicitly (for example, the 1st CW) via higher layer signaling or dynamic PDCCH signaling. Alternatively the CW can be selected implicitly by using (a) the CW with the higher MCS level as provided in the PDCCH that assigns the PUSCH, or (b) the CW with higher SINR, or (c) the CW occupying the larger number of layers, or (d) the CW that induces smaller impact to the PUSCH performance, or a combination of some of them.

Strategy (B). All-CW. Use all the layers for control-data multiplexing. Note that when one CW is mapped to two layers, Strategy (A) degenerates to strategy (B).
The performance comparison and selection for final solution depends heavily on whether ACK/NACK spatial bundling (LS/ANB) with layer shifting is used for UL MIMO transmissions.
3 Control Info on a Single CW
Since control information is important for the proper functioning of the system, they need to be protected as much as possible so that they can be received by the eNB correctly. In addition, the control information is relatively small and is protected by relatively weak codes such as block codes and convolutional codes, thus physical channel with better quality should be provided to the control information. 

Therefore if there are multiple MIMO layers, the design considerations include: 

· The control information should be mapped to layers with better quality. For example, for two CWs mapped to two layers, assuming layer 2 is better than layer 1, then the control information should be mapped to layer 2, leaving layer 1 completely for data only. This is illustrated in Figure 3. 

· If the control information is to be multiplexed with codeword X, the control information should be mapped to all layers of codeword X. This allows the control information to take advantage of diversity between layers.  

· It is simpler for the receiver if the control information is mapped to layers belonging to a same codeword;

· If the control information is mapped to multiple layers, it should occupy the same REs across the layers as much as possible.

Thus for the various codeword-to-layer mapping scenarios, the control-data multiplexing is as follows. Note that in the figures that illustrate the location of the control signals, the amount of REs allocated for each type of control signaling is for illustration only. The number of modulation symbols allocated in each layer/slot may not be exactly the same.

Case 1. One codeword mapped to one layer

Reuse the Rel-8 design.

Case 2. One codeword mapped to two layers

Multiplexing the control information to both layers, where the control modulation symbols occupy the same REs in both layers. This is illustrated in Figure 2.
Case 3. Two codewords mapped to two layers

Map the control information to the layer with the better channel quality. Denote the layer where control information resides as layer X, layer X corresponds to the codeword with the higher modulation and coding scheme. Within layer X, the multiplexing of control and data reuses the Rel-8 design. This is illustrated in Figure 3.
Case 4. Two codewords mapped to three layers

In this case, one codeword (denote as CW1) is mapped to one layer, the other codeword (denote as CW2) is mapped to two layers. Clearly, CW2 contains twice as many modulation symbols as CW1 if control information is excluded. Thus, if the control information is punctured into the data modulation symbols, multiplexing control symbols with CW2 is better than multiplexing with CW1 in terms of the proportion of data modulation symbols punctured from a codeword. This is illustrated in Figure 4.

Case 5. Two codewords mapped to four layers
In this case, each codeword is mapped to two MIMO layers. Denote codeword where control information resides as codeword X, codeword X corresponds to the layers with higher SINR and likely using the higher modulation and coding scheme than the other codeword. Within codeword X, the multiplexing of control and data is the same as CW2 in Case 4. 
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 Figure 2. Control info mapped to two layers where one CW is mapped to two layers.
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Figure 3. Control info mapped to the layer with better quality where two CWs are mapped to two layers. Control information is only multiplexed into the layers with better channel quality.
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 Figure 4. Control info mapped to two layers corresponding to a CW where two CWs are mapped to three layers.

4 Control Info on All CWs

This section discusses Strategy (B) All-CW. Here the control information is always mapped to all MIMO layers. The discussion on All-CW is only concerned with the scenarios in Figure 1(b)-(d) since Figure 1(a) and (e) can be considered special cases of Strategy (A). An example is shown in Figure 5 where two codewords are mapped to two layers. For other scenarios in Figure 1, similar figures can be drawn.  
Obviously, this strategy has the advantage of fully exploiting the capability of multiple antenna power amplifiers and maximizing the spatial diversity for the control information. 
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Figure 5. Illustration of control information mapped to all layers. Two CWs are mapped to two layers.

5 Conclusions

This contribution discusses ways to multiplex control and data on PUSCH when multiple layers are used. Two alternatives, single-CW and all-CW, are discussed. Careful investigation is necessary to decide which alternative should be adopted. Any resolution on the issue of layer shifting is also likely to affect the design choice.
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