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1. Introduction
L1/L2 control signaling is essential to channel-dependent scheduling, link adaptation, and hybrid ARQ, etc. In the E-UTRA uplink, efficient and high-quality transmission of L1/L2 control signaling must be established while maintaining a low-PAPR feature of single-carrier transmission in order to achieve wide coverage area. Meanwhile, similar to the downlink, the transmission bandwidth capability of the UE should be taken into account in the design of the L1/L2 control signaling channel. This paper presents views on the L1/L2 control channel structure for single-carrier (SC)-FDMA radio access in E-UTRA uplink.

2. L1/L2 Control Information for Uplink

Our views on signaling messages conveyed by the L1/L2 control channel are as follows (see also e.g. [1]-[8]), also shown in Table 1:

· Data-associated signaling, which is transmitted with uplink data transmission
· Transport format of uplink data channel

· Hybrid ARQ related information of uplink data channel (e.g., redundancy version and new data indicator)

· Data-non-associated signaling

· ACK/NACK for downlink data transmissions
· Transmitted only from UEs to which downlink transmission was allocated in downlink

· CQI for the purpose of downlink scheduling and link adaptation

· Transmitted from all UEs that have data to be transmitted in the downlink

· Scheduling request for uplink data transmissions (FFS)

· For example, UE buffer and/or transmission power status

· Transmitted from all UEs that have data to be transmitted in the uplink

Table 1 – Lists of uplink L1/L2 control signal information
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3. Proposed Transmission Method for L1/L2 Control Channel

We propose the following transmission schemes for the L1/L2 control information.

· TDM-based low-PAPR transmission of L1/L2 control information

It is necessary to multiplex the L1/L2 control signaling channel and shared data channel for the same UE within the same sub-frame. If the L1/L2 control signaling channel is multiplexed into the shared data channel by FDM (multicarrier) or CDM (multicode), the PAPR is increased. Therefore, as shown in Fig. 1, we proposed a transmission scheme with TDM-based multiplexing of the L1/L2 control signaling channel into other physical channels. The low PAPR property can be maintained by implementing one IFFT that takes advantage of the TDM-based feature.
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Figure 1 – Transmission principle of TDM-based multiplexing 

· Block-wise transmission for L1/L2 control information

As was specified in [1], E-UTRA supports multiple transmission bandwidths from 1.25 to 20 MHz. Accordingly, the L1/L2 control information must be transmitted in a unified manner to all types of UE that have different capabilities pertaining to the minimum maximum-transmission bandwidth. Therefore, similar to the downlink [3], we propose a block-wise transmission scheme for the L1/L2 control channel as shown in Fig. 2 that has the following features. The allocated system bandwidth of each cell is segmented into one or several frequency blocks.

· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or less than the minimum maximum-transmission bandwidth in the UE capability

· To each UE, at least one of the frequency blocks is assigned by Node B. UE with a high capability uses multiple consecutive frequency blocks. Within the assigned frequency block, the UE transmits the L1/L2 control information as well as the reference signals for scheduling and demodulation, and the data channel transmission using one or multiple resource blocks within the pre-assigned frequency block.

· Frequency block assignment for each UE can be changed adaptively or by using a pre-determined manner. The purpose for changing the frequency block assignment is to average the traffic load of each frequency block and to avoid fatal transmission error due to, for example, severe frequency selective interference from other cells.
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Figure 2 – Proposed block-wise transmission for L1/L2 control channel 

By using the proposed block-wise transmission for the L1/L2 control channel, all UEs can transmit reference signals for the uplink scheduling and demodulations, data channel, and L1/L2 control channel without interruption caused by the limitation of the transmission bandwidth.

Figures 3(a) and 3(b) show an example of the operation of a block-wise transmission for L1/L2 control channel. Figures 3(a) and 3(b) correspond to the configurations in Figs. 9.1.1.2.2-2(a) and 9.1.1.2.2-2(b) in the current TR [1], respectively. In Fig. 3(a), both data-associated and data-non-associated control signaling are time-multiplexed with the data and reference signal within the sub-frame (in the figure, the reference signal is not illustrated for the sake of simplicity). Furthermore, the data-associated and data-non-associated control signaling from multiple UEs are multiplexed in the frequency or/and code domains associated with multiple reference signals. In Fig. 3(b), the data-associated control signaling is time-multiplexed with data similar to the case in Fig. 3(a). The data-non-associated control signaling can also be time-multiplexed with data if the UE has a uplink data transmission. Meanwhile, the data-non-associated control signaling for UEs that transmit only the L1/L2 control is multiplexed exclusively in a semi-statically assigned time-frequency region. The data-non-associated control signaling of different UEs is multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region. Our current proposal gives priority to distributed FDMA with CDMA for the case where all the orthogonal sets of frequency combs are used up.


In both Figs. 3(a) and 3(b), the frequency position of the L1/L2 control channel transmission for the UE without data transmission can be frequency hopped in order to avoid consecutive decoding error due to the frequency selective fading. However, when the data channel is assigned to the UE by the frequency and time-domain scheduler, UE transmits the L1/L2 control channel using the assigned frequency block for data transmission to keep the single carrier transmission.
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Figure 3 – Example of block-wise transmission for L1/L2 control channel 
(This figure is for illustrative purposes only and is not meant to specify 
the exact position and interval of the L1/L2 control signaling transmission)

· Link adaptation for the L1/L2 control channel
As we presented in [4], we proposed to use fast transmission power control (TPC) based on CQI measurement (CQI-based TPC) primarily as the link adaptation method for the L1/L2 control channel, in order to guarantee a high-quality packet error rate (PER). Table 2 shows the possible TPC methods for each set of L1/L2 control information.
Table 2 – TPC method for uplink L1/L2 control signal information
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Furthermore, when the uplink L1/L2 control channel is transmitted with the data channel, in addition to the CQI-based TPC, a rough adaptive modulation and coding rate including the spreading factor (AMC) can be applied as shown in Fig. 4. In this case, the relationship between the modulation and coding scheme (MCS) used for the L1/L2 control channel and data channel can be fixed. Therefore, in this case, only one set of MCS feedback information is required. The use of AMC in addition to the CQI-based TPC can alleviate the limitation of the maximum transmission power of the UE and can extend the coverage area.
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Figure 4 – AMC for L1/L2 control channel

· Application of transmit diversity for the uplink L1/L2 control channel
Table 3 summarizes the candidates of the transmit diversity methods for uplink L1/L2 control signal information. Transmit diversity such as delay diversity including cyclic delay diversity (CDD), time switched transmit diversity (TSTD), and space time block coding (STBC) is beneficial in improving the PER of the L1/L2 control channel. However, application of transmit diversity on uplink L1/L2 control channel requires larger pilot channel overhead. Therefore, baseline method should be single antenna transmission, and the application of the transmit diversity on the L1/L2 control channel should be carefully considered further taking into account the increased pilot channel overhead.

Table 3 – Transmit diversity for uplink L1/L2 control signal information
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· CQI and ACK/NACK transmission when MIMO multiplexing is applied in downlink
In [9], multiple code words (multiple coded-stream) are included as candidates for the LTE MIMO scheme. When multiple code words are applied, multiple CQI and ACK/NACKs should be fed-back via uplink for all the downlink coded-streams. In this case, we can consider two basic transmission strategies as follows.

· Method 1: Feedback signaling bits of all coded-streams are transmitted in the same sub-frame
· Pros: Same control delay regardless of the number of coded-streams
· Cons: Increased number of signaling bits per sub-frame to accommodate multiple coded-streams
· Method 2: Feedback signaling bit at each coded-streams is transmitted sequentially at every sub-frame
· Pros: Fewer signaling bits at each sub-frame than that in Method 1
· Cons: Longer control delay according to the increase in the number of coded-streams compared to Method 1

Note that since the requirement of the transmission interval for ACK/NACK is stricter than that of the CQI feedback, different methods may be applied to the CQI and ACK/NACK feedback.

4. Conclusion
In this paper, we proposed views on L1/L2 control channel structure and transmission method for the E-UTRA uplink.
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