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1 Introduction
In the RAN1#47 meeting in Riga, it was agreed that TDM is used for multiplexing of data and L1/L2 control signaling and separate coding is used for each downlink control channel with at least two formats. This document is aiming to show more detailed structures for downlink control channels.
2 Downlink control channel structure
2.1 Broadcast information (e.g. Cat0)
Cat0 information is used for indicating multiple formats for the scheduling related control channels and relevant resources. Once we have agreed to have multiple transmission formats for the control channel, dynamic adaptation for the control channels would be chosen in order to have efficient usage of resources for the control channel and flexibility of scheduling. It is proposed to transmit Cat0 information every TTI for fast channel adaptation for control signaling. This information should be transmitted even to cell edge user. Therefore the information included in Cat0 should be minimized in order to minimize the required power and increase the coverage. First, the number of users for each format of downlink control channel should be included. Additionally, if any, critical information which can definitely increase the scheduling and decoding performance might be included in it. A certain level of blind detection of the control channel format might be accompanied with the transmission of Cat0 in order to reduce the number of Cat0 information bits, which preferably should not exceed 10 bits.
Regarding the resource mapping for Cat0 information, the resource should be pre-defined by the specification (static) or by the broadcast information (semi-static). It is preferred to have full frequency diversity by distributing the resource over whole system bandwidth. It is also preferred to transmit Cat0 using the first OFDM symbol only in order to cover the case that one OFDM symbol is enough for transmission of downlink L1/L2 control channel.
Channel coding for Cat0 should be strong enough to have full coding gain. QPSK with 1/3 convolution code and 2 times repetition might be a simple solution. Channel coding scheme for Cat0 can be either pre-defined by the specification (static) or by the cell specific information (BCH). CRC attachment seems not required since UE specific CRC in scheduling control channel can cover the error on Cat0 information.

Proposal
· Cat0 information is transmitted every TTI. The number of Cat0 information bits preferably should not exceed 10 bits. 
· A certain level of blind detection of the control channel format might be accompanied.
· Cat0 information is transmitted being scattered over the whole system bandwidth in the first OFDM symbol of a TTI.
· Strong channel coding for Cat0 information without CRC attachment
2.2 Scheduling related control channel
2.2.1 Downlink scheduling information
The most controversial issue is whether we will take joint coding or separate coding for Cat1/2/3 information. 
Separate coding can give the possibility to have the different format or different interpretation for second coding block by decoding first coding block in advance. For example, it is possible to easily indicate whether the UE is receiving a single codeword or multiple codewords in case of MIMO transmission with the first coding block and to add or differentiate the required information of the second coding block accordingly. This option may give the potential embedding of second coding block into the assigned resource block in order to take the frequency scheduling gain for the control signaling. However, separate coding would result in the loss of coding gain for each coding block and the increase of the tail or possibly CRC overheads. 
While, the main benefit of joint coding would be the simple structure. With joint coding, physical channel mapping can also be easily implemented. If a certain level of the blind detection on control channel format is supported by a UE, the utilization of the control channel resource would be more efficient. However, UE blind detection should not be too demanding to give large impacts on the UE implementation.
From the view of the simple structure of the control channel, joint coding approach is preferred.

Proposal
· Cat1/2/3 information is to be channel coded jointly.
2.2.2 Uplink scheduling grant

We also prefer to have joint coding for uplink scheduling grant as well.
Proposal
· Resource indication information and transport format information is to be channel coded jointly.

2.2.3 Channel mapping

The entire scheduling related L1/L2 control channels should be mapped on the first N OFDM symbols, where N is not greater than 3. In terms of power balancing and frequency/interference diversity, it would be beneficial to map each control channel to whole frequency band and whole multiple OFDM symbols, i.e. scattered in whole part of the pre-defined resources.

Proposal
· Each shared control channel is transmitted being scattered over the whole system bandwidth and all OFDM symbols allocated for transmission of the L1/L2 control signalling.
2.2.4 Resource indication
Flexible resource indication will increase the required number of bits, but any restriction on the resource indication may reduce the scheduling performance and flexibility. We should deeply consider the trade off between signaling overhead and performance especially for the downlink packet scheduling.
First of all, fully flexible resource indication such as BITMAP with 1 resource block (RB) unit (180 KHz) seems not feasible, since the signaling overhead is quite large, e.g. 50 bits is required for 10MHz bandwidth. So we cannot avoid taking a sort of restriction. In that case, the optimization of the resource indication is quite important in order to minimize the loss of scheduling performance by the restriction. 
The resource indication similar to HS-SCCH (indication of both start RB and number of RBs) is not a good way for the downlink scheduling since it will reduce the frequency selective scheduling gain a lot as shown in [1]. Reduced BITMAP approach might be suitable for the downlink scheduling as proposed by some companies so far, e.g. BITMAP with subband (multiple RBs) unit. It might be required to have flexible size of subband in order to support the scheduling of the small size of RBs such as TCP ACK. Flexible size of subband can be realized for example by indicating the size of subband in the Cat0 information.
For uplink packet scheduling, we can just indicate the consecutive resource units (RUs) in order to satisfy the single carrier property. HS-SCCH like scheme may be a simple solution.
Proposal
· Resource indication for downlink scheduling: Reduced BITMAP scheme (possible signaling of subband size using Cat0 signaling)
· Resource indication for uplink scheduling: start and number of RUs
2.2.5 Indication of UE ID

For downlink and uplink scheduling information, UE specific CRC would be a good way for the indication of UE ID for scheduling related channel. 
Proposal
· UE specific CRC is used for the indication of the UE ID.
2.3 Downlink ACK/NACK
For the designing of the multiplexing scheme of the downlink ACK/NACK transmission, both signaling overhead and frequency/interference diversity should be considered. 
FDM has the benefit of perfect orthogonality, but it cannot avoid the large signaling overhead. On the other hand, CDM has benefits in terms of reducing signaling overhead with enough frequency diversity as well as the interference randomization and power balancing. The drawback of the CDM is loss of orthgonality when defined over the wide bandwidth.
Compromising the pros and cons for FDM and CDM approach, the frequency repeated localized CDM (Hybrid FDM-CDM) could be an appropriate trade-off. Localized CDM can reduce the power fluctuation and abate interference variation from/to the neighbor cells. And the repetition of the localized CDM in the frequency domain would increase the frequency/interference diversity.

In order not to damage the orthogonality, small size of the frequency and time unit is preferred for one localized CDM block. One example size of the CDM block is 2 x 2 resource elements, which accommodate 8 ACK/NACK signals. If more ACK/NACKs are required, additional CDM block is added by FDM manner. 

Proposal
· Hybrid FDM-CDM approach is to be used for the multiplexing of downlink ACK/NACK : Localized CDM with frequency repetition

3 Conclusion

We discussed about the remaining issues on the downlink control signaling and showed our preferences. It is proposed to agree on the proposals shown in section 2 as the baseline for design of the detailed downlink signaling format.
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