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1 Introduction
In the design of control channel structure, several concepts should be kept in mind. First of all, the control channel should be decoded with high reliability to avoid the failure of decoding data section. However, this reliability should be guaranteed without the benefit of HARQ. At the same time, control overhead must be kept to a minimum in order to improve the overall spectrum efficiency. This contribution proposes the control channel structure for OFDMA downlink in light of the above issues.

2 Downlink Control Channel Design  

At RAN WG1#43 meeting, several contributions on E-UTRA downlink control channel were provided for discussion [1]. As shown in [1], information carried on the downlink control channel includes:

· Information about resource allocation and transport format (e.g. 17bits)

· Information related Hybrid-ARQ (e.g. 3bits)

· Information necessary for uplink transmission (e.g. 14bits)
· Information necessary for uplink HARQ (e.g. 3bits)
· Others (TBD)

The example numerology provides us an outlook on the size of occupied subcarriers by downlink control channel per UE.

Based on the above analysis, we propose the following techniques for E-UTRA control channel design:

· The control channel for each UE is time-division multiplexed with the data channel. When the control and reference symbols are sent at the beginning of each sub-frame, micro-sleep mode can be enabled. 
· There may be additional control information sending with the bearer while the existence of additional control information is signaling using the main control channel.
· In order to enhance the decoding reliability, constant modulation and coding scheme for control channels is proposed instead of multiple AMC. For multiple AMC, either additional signalings are required to indicate the modulation and coding scheme for specific user. Or control regions irrespective of specific user channel condition are designed to clearly inform UE the modulation and coding rate for the main control channel. Since the control regions with different modulation and coding rate are not adaptively designed based on the channel condition of UEs, the gains achieved by multi-user diversity are greatly reduced.
· Joint coding of users’ control information with similar transmission powers is applied to minimize coding and CRC overhead.  However, the whole frequency band should be grouped into sub-bands, which could facility UE’s searching for control information for itself. UE ID should be used to identify the control channel assigned to different UE as what has been done in HS-SCCH.
· Based on the CQI provided by UEs, channel-dependent scheduling can also be achieved. However, the modulation and coding scheme would not be changed accordingly. This will result in improvements in decoding reliability or reduction of transmission power. With the knowledge of CQI, UEs could prioritize all the sub-bands in searching the sub-bands including the control channel targeted for itself. As a result, the UE scheduled to transmit data in the sub-frame is not required to decode all the sub-bands in most cases.
· To improve the decoding performance for UEs at high speed or at cell edge, control channel assigned for those UEs should duplicated and copied in more than one sub-band. In this way, frequency diversity and coding gains can be achieved. UEs have to look for control information for itself in all of sub-bands in this case. Furthermore, an additional control bit should be added to indicate the existence of duplicates of the control channel.
· In order to reduce the control signaling overhead, all control information in downlink should be designed in two groups, information that is to be transmitted per subframe base and information that might be sent less often than every TTI. On the other hand, super-subframes are actively encouraged.
· Distributed subcarrier allocation may be applied to improve decoding performance.
· To enhance the decoding performance of users at the cell-edge, dynamic power adaptive could also be considered.

3 Proposed Control Channel Structures 

Figure 1 illustrates the above concept. For example, the whole frequency band is 5MHz. All 300 useful subcarriers are divided into five control-blocks with each control-block containing 60 subcarriers, namely 900KHz.  However, the numerology is provided only for illustration purpose, since the actual size of control-blocks depends on the exact number of control bits per UE and the size of resource block and CQI feedback block to transport data channel. The control information bits for different users, for example 2 UEs, are mapped into one of the five control-blocks. Similarly, the control information bits for all scheduled UEs are mapped with unique modulation and coding scheme. (QPSK and 1/2 coding rates) used by HSDPA should be one of the candidates. The scheduler in NodeB should allocate the control signals of different users according to their specific channel condition in order to achieve multi-user diversity.  This would not result in the gains of improved number of information bits being allocated. However, it does help to improve the decoding performance and reduce the need for repetitions. All the UE’s control information in one control-block is jointly encoded together to further improve efficiency of coding and each UE identifies the control information assigned to it by UE IDs which the concept was used in HSDPA. The knowledge of CQI which the UE feeds back is kept to facility the search of the control information specific for the UE. As a result, it’s not necessary for the UE to decoding all the control-blocks to find the one assigned to it. For UEs in bad channel condition such as high speed or at cell edge. Repetitions of their control information should be added in different control-blocks in order to achieve frequency diversity and coding gains.
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Figure 1. An Example of Proposed Control Channel Structure

4 Conclusions

In conclusion, we discuss downlink control channel structure for evolved UTRA. Taking the decoding reliability and minimum control overhead into account, we prefer a constant modulation and coding scheme.

5 References

[1] R1-051331: “E-UTRA Downlink Control Channel Design and TP”, Motorola. 

_1198304840.vsd
�

time�

frequency�

1 subframe�

�

�

300 subcarriers�

1 control-block�

Data�


