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1 Introduction

The design of DL L1/L2 control channel is essential for EUTRA DL operation. The reliability of the control channel should be guaranteed while minimizing the overhead at the same time. In addition, UE complexity should also be minimized as well. In this contribution, we discuss the following aspects related to DL control channel structure:
· Joint vs. separate coding
· Configuration
· Multiplexing scheme
· Transmission mechanism.
2 DL Control Channel Structure
2.1 Joint vs. Separate Coding
In Evolved UTRA, there are hot discussions regarding joint vs. separate coding for DL control signalling [1]
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 \* MERGEFORMAT [3]. Joint coding groups and encodes different UEs’ downlink control information together while separate coding encodes each UE’s downlink control information individually. Joint coding has the benefit of control signalling payload saving while separate coding can enable independent power control for each UE. From the simulation results presented in [1], it can be seen that from total Node B power consumption point of view, separate coding has obvious gain over joint coding, which actually means that the benefit of payload saving from joint coding cannot compensate the loss due to lack of independent power control. It is therefore proposed to adopt:

· Separate coding of the DL control signalling for different UEs.
2.2 Configuration
In HSDPA, HS-SCCH carries the L1/L2 control information. For each cell, a set of HS-SCCHs are reserved, and each UE is configured to monitor a set of HS-SCCHs. The principle can be naturally applied in EUTRA. It is therefore proposed to adopt the following:

· A set of control channels are reserved, which carry the downlink scheduling information and the uplink grant channels.
· Each UE is configured to monitor a set of control channels, which is a subset of the control channels configured in the cell.

2.3 Multiplexing Scheme

There are mainly two different approaches to multiplex DL control and data. One approach is FDM between data and control by using a set of subcarriers during the full (or most of) TTI duration for control signaling. The benefit of FDM approach is that the required energy for control signalling is spread over the subframe duration, which actually enables the power trading between data and control [4]. Another approach is to transmit the signalling using one (or several) OFDM symbol(s) in the beginning of the TTI to enable the so-called micro-sleep mode as proposed in [5]. In [4], simulation results show that FDM approach has better coverage over TDM approach. We believe coverage should be considered as the most important aspect. It is therefore proposed to adopt the following:

· FDM multiplexing of L1/L2 control channel with other physical channels.

2.4 Transmission Scheme

The control signaling could be transmitted either subcarrier-wise or RB-wise. Subcarrier-wise transmission of control signalling can maximize the frequency diversity therefore provides optimal link performance. In [6], simulation results show that subcarrier-wise transmission has significant link gain over RB-wise transmission for DL control signalling, and it is therefore recommended to adopt:
· The downlink L1/L2 control signaling is transmitted via the subcarrier-wise distributed transmission as follows:

· For the system bandwidth up to 10MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling is scattered over the whole system bandwidth.
· For the system bandwidth of 15MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling is scattered over the center 10MHz bandwidth.
· For the system bandwidth of 20MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling for a 10MHz bandwidth UE is scattered over either right or left 10MHz bandwidth where the UE is camped on. The L1/L2 control channel structure for 20MHz bandwidth UEs is FFS.
3 Example Structure
Given the recommendations in section 2, this chapter gives an illustrative example on the overall DL control channel structure in Figure 1 below.
In the example, we assume

· There are 5 DL L1/L2 control channels configured per cell, i.e. SCCH1, SCCH2… SCCH5.

· There are 20 UEs active in the cell, i.e. UE1, UE2,…, UE20.

Please note that the above numbers are only for illustration purpose only.

The DL control channel structure in the example can be summarized as follows:

· Each DL control channel only carries control information for one UE only, i.e. separate coding is used.

· Each UE is configured to monitor a set of control channels. For example, UE1, UE2, …, UE12 are configured to monitor 3 SCCHs (SCCH1 to SCCH3), while UE13, UE14, …,UE20 monitor SCCH4 and SCCH5.

· DL control channel is transmitted in the  2nd, 3rd, 4th, 6th, and 7th OFDM symbols of each subframe, which means FDM of DL control and data. (It should be noted that the example assumes no control channel in the reference symbols, however it is not excluded to transmit control channel in reference symbols.)

· Fully scattered transmission is used for DL control channel. In the example, each control channel is fully scattered into the system bandwidth and is staggered in frequency domain to fully utilize frequency diversity. (The example assumes 1 out of 20 subcarrires in frequency domain is used to transmit each control channel. This is again for illustration purpose only. The realistic design should be based on the control payload, system bandwidth and coverage requirement.)
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Figure 1 Example DL Control Channel Structure
4 Conclusion

It is proposed to capture the following DL control channel structure into RAN1 LTE specifications:

· Separate coding of the DL control signalling for different UEs.

· A set of control channels are reserved, which carry the downlink scheduling information and the uplink grant channels.
· Each UE is configured to monitor a set of control channels, which is a subset of the control channels configured in the cell.

· FDM multiplexing of L1/L2 control channel with other physical channels.

· The downlink L1/L2 control signaling is transmitted via the subcarrier-wise distributed transmission as follows:

· For the system bandwidth up to 10MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling is scattered over the whole system bandwidth.
· For the system bandwidth of 15MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling is scattered over the center 10MHz bandwidth.
· For the system bandwidth of 20MHz, the subcarriers used for transmission of the downlink L1/L2 control signaling for a 10MHz bandwidth UE is scattered over either right or left 10MHz bandwidth where the UE is camped on. The L1/L2 control channel structure for 20MHz bandwidth UEs is FFS.
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