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1. Introduction
L1/L2 control signaling is essential to link adaptation, hybrid ARQ, and channel-dependent scheduling etc. To employ these adaptive link techniques effectively, high quality reception, i.e., a low packet error rate, for L1/L2 control signaling bits must be achieved. This paper presents an L1/L2 control channel structure for the OFDMA radio access in the E-UTRA downlink.

2. Proposed Transmission Method for L1/L2 Control Channel

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

· 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 UEs that have different capabilities pertaining to the minimum maximum-reception bandwidth. Therefore, we propose a block-wise transmission scheme for the L1/L2 control channel as shown in Fig. 1 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 smaller than the minimum maximum-reception bandwidth in UE capability

· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two of the 10 MHz control channels are used.

· 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 1 – Proposed block-wise transmission for L1/L2 control channel 

·  Two types of transmissions for L1/L2 control information

(1) Definition of two-types of L1/L2 control information

We propose to split the L1/L2 control information into two parts:

· Shared L1/L2 control information
· Dedicated L1/L2 control information

The shared L1/L2 control information carries the L1/L2 control signaling bits that should be tried to be decoded by all the UEs, such as the UE IDs of the UEs scheduled in the corresponding TTI as well as information pertaining to the resource block that has been dynamically assigned to each scheduled UE. The shared L1/L2 control information may also contain information not directly related to the downlink shared-channel transmission such as hybrid ARQ ACK/NACK and scheduling grants for uplink transmission. 

On the other hand, the dedicated L1/L2 control information consist of the remaining L1/L2 control signaling bits, which are decoded only by the scheduled UEs for the downlink shared channel transmission, i.e. transport format and hybrid ARQ-related information. Note that dedicated in this context denotes that the information is for a specific user only; it does not imply that dedicated radio resources are semi-statically allocated.

The UE first decodes the shared L1/L2 control information, and then decodes the dedicated L1/L2 control information if that UE is scheduled for downlink shared data channel transmission. Section 3 gives the detailed control information conveyed by the shared L1/L2 control information and the dedicated L1/L2 control information.
(2) Radio resource mapping for the two types of L1/L2 control information

Localized and distributed OFDMA transmissions were proposed and have been discussed in RAN1 meetings so far. Within these transmissions, localized transmission associated with frequency domain channel-dependent scheduling provides better performance than the distributed transmission, since nearly the best resource block(s) is assigned to each UE by channel-dependent scheduling. Therefore, our view is that the transmission of the L1/L2 control information within the scheduled resource block(s) is prioritized more than the transmission of the L1/L2 control information outside the resource blocks. Therefore, we propose the following radio resource mapping for the L1/L2 control information as shown in Fig. 2:

· Shared L1/L2 control information is transmitted outside the resource blocks employing distributed OFDMA transmission. 

· Dedicated L1/L2 control information is transmitted within the scheduled resource block(s) employing localized OFDMA transmission. In the case, a part of the assigned resource block(s) is used for L1/L2 control signaling bits.
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Figure 2 – Proposed two-types of transmissions for L1/L2 control channel. (note that the control signaling structure supports data transmissions using wider bandwidth than 10 MHz as well, the figure is for illustrative purposes only)

Figure 3 shows an example of the L1/L2 control channel mapping. As shown in the figure, a pre-determined frequency block comprises multiple resource blocks. Shared L1/L2 control information is transmitted outside the resource blocks. In this example, the shared L1/L2 control information is transmitted from the first OFDM symbol (pilot or other channels are simultaneously transmitted). On the other hand, the dedicated L1/L2 control information is transmitted within the scheduled resource block associated with each UE. In the example in Fig. 3(a), the dedicated L1/L2 control information is transmitted from the first resource block among the assigned resource blocks. Meanwhile in Fig. 3(b), the dedicated L1/L2 control information is transmitted from all assigned resource blocks.
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(a) Example 1 (Dedicated L1/L2 control information is transmitted from one of the assigned resource blocks)
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(b) Example 2 (Dedicated L1/L2 control information is transmitted from all the assigned resource blocks)

Figure 3 – Examples of proposed transmission scheme for L1/L2 control signaling bits (Note: This figure is used for illustration purposes only, and the positions of the shared L1/L2 control information and pilot and other channels within the sub-frame do not specify the actual configuration.)

(3) Channel coding block for two types of L1/L2 control information
The channel coding for the L1/L2 control information for each block is performed separately. Furthermore, separate channel coding between the shared L1/L2 control information and the dedicated L1/L2 control information should be applied. Below are descriptions of the channel coding block for the shared L1/L2 control information and that for the dedicated L1/L2 control information.
Shared L1/L2 control information
The shared L1/L2 control information will contain different L1/L2 control information for multiple UEs. Therefore, we can consider both joint channel coding over multiple L1/L2 control information within the shared L1/L2 control information and separate channel coding. The features of the joint and separate channel coding schemes are as follows.

· Joint channel coding

· Advantages: Larger channel coding gain and potential reduction in the number of control signaling bits and overhead for channel coding.

· Disadvantages: Lower link adaptation capability such as transmission power control, considering different channel quality levels for multiple UEs and different error rate requirements for different signaling bits.

· Separate channel coding

· Advantages: Higher link adaptation capability such as transmission power control, since different channel quality levels for multiple UEs and different error rate requirements for different signaling bits can be separately compensated using independent link adaptation control for different coded blocks.

· Disadvantages: Smaller channel coding gain and larger required number of control signaling bits and overhead for channel coding

The selection of either the joint channel coding or separate channel coding for the shared L1/L2 control information is FFS.

Dedicated L1/L2 control information
Channel coding for the dedicated L1/L2 control information is separately performed for different UEs.
(4) Link adaptation for the two types of L1/L2 control information
Shared L1/L2 control information
Channel quality indicator (CQI)-based transmission power control [2] is applied to guarantee a high-quality packet error rate. When joint channel coding is used, the transmission power control should be based on the worst CQI among UEs to which the shared L1/L2 control information should be correctly decoded.
Dedicated L1/L2 control information
CQI-based transmission power control is baseline. In addition to CQI-based transmission power control, adaptive modulation and coding rate (AMC) [3] can be applied. When AMC is applied to dedicated L1/L2 control, the UE should be informed of the employed modulation and coding scheme (MCS) using the shared L1/L2 control information.
3. L1/L2 Control Signaling Bits and Multiplexing

· Shared L1/L2 control information

The following L1/L2 control signaling bits are transmitted as the shared L1/L2 control information.

· Control signaling for scheduling in the downlink shared data channel

· UE identity: Identification of the assigned UE
· Control signaling for demodulation in the downlink shared data channel

· Resource block assignment information: Location of the assigned resource block
· MIMO related information: Employed MIMO mode (MIMO multiplexing or MIMO diversity, etc.) and number of data streams (or antenna index used)
· Control signaling for uplink shared data channel (unless transmitted separately)

· ACK/NACK bit for hybrid ARQ in uplink

· Control signaling for uplink scheduling (unless transmitted separately)

· UE identity, resource block assignment information (FFS), data modulation, transport block size information, and transmission power control bits

· Control signaling for demodulation in the downlink dedicated L1/L2 control signaling bits within the scheduled resource block

· MCS information for the dedicated L1/L2 control signaling bits within the scheduled resource block if AMC is applied to these bits
· Other information (details are FFS)

· Transmission timing control bits for adaptive transmission timing alignment in uplink
· Dedicated L1/L2 control information
The following L1/L2 control signaling bits are transmitted as the dedicated L1/L2 control information.

· Control signaling for demodulation
· Modulation scheme information: Data modulation scheme for the scheduled resource blocks
· Transport-block size information: Number of information bits
(Coding rate is derived from the data modulation, the number of allocated resource blocks, and the transport block size.)
· Control signaling for hybrid ARQ
· Hybrid ARQ process information: Process number for packet combining (if necessary)
· Redundancy version: Puncturing pattern for incremental redundancy

· New data indicator: Indicator for new data or retransmitted packet to avoid packet combining of different packets
These control signaling bits should be mapped at the beginning of the resource block that is assigned to each UE. It should be noted that the number of bits mentioned above may change according to the MIMO configuration when per antenna rate control (PARC) is applied. The number of bits will also change when AMC is applied to the dedicated L1/L2 control information. However, since the MIMO configuration and MCS used for the dedicated L1/L2 control information are sent in the shared L1/L2 control information part in advance, the number of bits within the scheduled resource blocks can be identified before the UE decodes these bits.

4. Conclusion
In this paper, we proposed an L1/L2 control channel structure for OFDMA radio access in the E-UTRA downlink.

· Block-wise transmission for the L1/L2 control information

· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or smaller than the minimum maximum-reception bandwidth in UE capability.
· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two of the 10 MHz control channels are used assuming that the pre-determined transmission bandwidth of the L1/L2 control channel is 10 MHz.

· Definition of two types of transmissions for the L1/L2 control information

· Shared L1/L2 control information
· Dedicated L1/L2 control information
Features for the shared L1/L2 control information are as follows.

· The shared L1/L2 control information consists of the L1/L2 control signaling bits which should be tried to be decoded by all the UEs, such as the scheduled UE IDs and the assigned resource block for each of the scheduled UE. The shared L1/L2 control information may also include information not directly related to the downlink shared-channel transmission such as hybrid ARQ ACK/NACK and scheduling grants for uplink transmission.
· Distributed OFDMA transmission is used. Thus, fixed resource allocation is used, which results in a simplified demodulation process at the UE, and a large frequency diversity is achieved commonly for all UEs.

· CQI-based transmission power control is applied to guarantee the required error rate.
Features for the dedicated L1/L2 control information are as follows.

· The dedicated L1/L2 control information consists of signaling bits that only the scheduled UEs must decode for the downlink shared data channel transmission, i.e., transport format and hybrid ARQ-related information.
· The dedicated L1/L2 control information is transmitted using a part of the scheduled resource blocks.
· In addition to CQI-based transmission power control, AMC can be applied to guarantee the required error rate.
5. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.2 Channel coding and physical channel mapping
7.1.1.2.X  Downlink L1/L2 control channel structure
L1/L2 control channels have following features.

· Block-wise transmission for the L1/L2 control information

· The pre-determined transmission bandwidth of the L1/L2 control channel should be equal to or smaller than the minimum maximum-reception bandwidth in UE capability.
· The transmission of the L1/L2 control information at each frequency block is basically independent. Therefore, UE with a high capability decodes multiple L1/L2 control fields that belong to different frequency blocks. For example, if 20 MHz is scheduled to a single UE, then two of the 10 MHz control channels are used assuming that the pre-determined transmission bandwidth of the L1/L2 control channel is 10 MHz.

· Definition of two types of transmissions for the L1/L2 control information

· Shared L1/L2 control information
· Dedicated L1/L2 control information
Features for the shared L1/L2 control information are as follows.

· The shared L1/L2 control information consists of the L1/L2 control signaling bits which should be tried to be decoded by all the UEs, such as the scheduled UE IDs and the assigned resource block for each of the scheduled UE. The shared control information may also include information not directly related to the downlink shared-channel transmission such as hybrid ARQ ACK/NACK and scheduling grants for uplink transmission.
· Distributed OFDMA transmission is used. Thus, fixed resource allocation is used, which results in a simplified demodulation process at the UE, and a large frequency diversity is achieved commonly for all UEs.

· CQI-based transmission power control is applied to guarantee the required error rate.
Features for the dedicated L1/L2 control information are as follows.

· The dedicated L1/L2 control information consists of signaling bits that only the scheduled UEs must decode for the downlink shared data channel transmission, i.e., transport format and hybrid ARQ-related information.
· The dedicated L1/L2 control information is transmitted using a part of the scheduled resource blocks.
· In addition to CQI-based transmission power control, AMC can be applied to guarantee the required error rate.
------------------------------------ End of Text Proposal --------------------------------------------------
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