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1 Introduction

In the previous discussion on downlink L1/L2 control signaling, two different approaches, i.e., separate and joint coding, were proposed. In this contribution, we discuss design guidelines for downlink L1/L2 control signalling and propose a signalling scheme assuming separate coding between different UEs. 
2 Control channel design
In separate coding, the control information is separately transmitted to different UEs. Depending on the channel condition and feedback of the UE, the control signalling can take two types of transmission method; distributed transmission for frequency-time diversity and localized transmission for scheduling gain. Distributed transmission can be suitable for downlink assignments intended for high-speed UEs and the uplink grants for which downlink CQIs are not available. On the other hand, when the Node-B has reliable broadband downlink CQIs, the localized control transmission can be taken to benefit from the frequency-selective scheduling. Table 1 summarizes the correspondence of control signalling methods and the assignment types, which is not mandated in the specification since the scheduler may use different control resource allocations depending on the UE channel and resource management situation.
Table 1 Downlink L1/L2 control signaling: recommended transmission modes
	Control
	Data

	Distributed transmission
	Uplink grant without downlink localized assignment, Downlink frequency-diversity scheduling

	Localized transmission
	Downlink frequency-selective scheduling


We consider the following guidelines in L1/L2 control channel design:

1. Separate coding between different UEs and DL/DL grants
2. Resources not used for signalling should be available for data scheduling
3. Signaling on localized or distributed resources, depending on the assignment type and 
resource scheduling condition. 
4. Low decoding complexity at the UE side
3 Proposed control signaling scheme 
In the case of localized signaling, transmission of control separately coded information within scheduled RBs has performance benefits due to frequency-domain scheduling as discussed in [1-5]. The primary concern about such schemes is high UE decoding complexity since the UE should blindly try control positions, which can be at maximum as many as the total number of RBs or subbands in the scheduling band. To reduce the UE decoding complexity, we propose to introduce an additional control field, i.e, Cat. 0 information, to inform the UE of the positions of occupied localized control channels. 
To maximize the spectral efficiency, the resources, not used for control signalling, should be available for data transmission. It can be accomplished by assigning the unused control channels in the individual resource assignment indication or by broadcasting the positions of occupied control channels. We prefer a unified common control block, which contains the information of occupied localized and distributed control channels. 

[Common control block (Cat.0 information)]
The common control block contains the following information. 

1. The positions of occupied localized control channels 
2. The number of occupied distributed control channels
The common control block may take a distributed transmission to address different UE channel environments, and may use reserved resources and a low code rate for maximum protection from inter-cell interference and reliable decoding. 
In the localized control signalling, since occupied control channels are explicitly signalled to the UE, the scheduler is now allowed to have freedom in control resource allocation and thus it can select “good resources” to a certain UE for control signalling. Note that the “good resources” are not necessarily the same frequencies as scheduled data resources since the control channel allocation may find better resources outside the scheduled data RBs. 

By decoding the common control block, the UE knows the positions of occupied control channels (both localized and distributed control channels) and then the UE only needs to try decoding of the control channels that are actually used. The UE can interpret its data resource allocation by taking into account the presence or absence of control channels within the scheduled RBs. When the UE feedback is based on subband-by-subband CQI report, one localized control channel can be defined within each subband and a list of the subband indices or a bitmap of subbands can be used to indicate the positions of the subbands with occupied localized control channels.
[UE-specific control block (Cat.1, 2, 3 information)]
The UE-specific dedicated block conveys Cat.1/2/3 control information for individual UEs, which can take a localized or distributed transmission method depending on the UE channel situation. In separate coded control, the signaling overhead largely comes from resource allocation indication because the resource allocation map cannot be shared between different UEs unlike the joint coding. Several options for resource allocation indication are listed below.
· Resource allocation indication for downlink localized data assignment 
Option 1. Full-RB bitmap
Option 2. Position-dependent bitmap [4]
Option 3. Subband bitmap 
Option 4. Subband bitmap with pattern indications within subbands
· Resource allocation indication for downlink distributed data assignment/uplink grant 
Option 1. Contiguous allocation: indicates starting RB and the total number of allocated RBs (or the ending RB)

[image: image1.emf]Time

Frequency

1 2 3 12 11 10

Subband index

4 5 6 7 8 9

TTI

   Unused control channel

Used control channel

 0 0 0 1 0 0 1 0 1 1 0 1


Figure 1 Indication of occupied localized control channels
4 Resource assignment indication
The full RB bitmap induces too much required bits (e.g., 50 bits for 10 MHz scheduling band) in resource allocation indication. In order to reach a reasonable overhead, it may be necessary to put some scheduling constraint. However, the reduction of signaling overhead coming from the scheduling constraint should not degrade much scheduling flexibility and the system performance. In this regard, the frequency selective scheduling should be allowed without limitation at least at the level of subbands. For example, the resource allocation with only contiguous RBs may significantly degrade the performance.

4.1 Position-dependent bitmap 

Figure 2 shows the position-dependent bitmap method proposed in [4]. The position-dependent bitmap method places the resource allocation information at one of scheduled RBs or subbands and allows for any arbitrary combinations of RBs or subbands to be scheduled to the UE. The control signal is located at the starting RB or subband and a variable size bitmap indicates the allocation of remaining RBs or subbands.   
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Figure 2 Position-dependent bitmap
4.2 Subband bitmap plus allocation pattern indication 
Figures 3(a) and 3(b) show the resource indication method using allocation patterns. The resource allocation within each subband is chosen to be one of pre-defined allocation patterns. For example, Fig. 3(a) shows four possible allocation patterns for the subband, i.e., no allocation, even-numbered RB allocation, odd-numbered RB allocation, or full allocation. These allocation patterns permit the sharing of the same subband by up to two different UEs. In this scheme, the total number of resource allocation signaling bits is given as (# of subbands) x [log2 (# of patterns)]. For example, consider a 10 MHz scheduling band with 50 RBs. If the subband size is 6 RBs and the four patterns in Fig. 3(a) are used for allocation within a subband, total 18 bits are required for each scheduled UE. This scheme has some constraint on scheduling flexibility. However, it is not expected to introduce significant performance degradation if we assume that the UE CQI feedback is done on a subband by subband basis. 
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Figure 3 (a) Allocation patterns (b) Resource allocation using the allocation patterns
5 Required signaling bits
Table 2 describes the required signalling bits with the proposed signalling scheme. The downlink and uplink assignments are separately coded, and Cat.1,2, and 3 information for each DL/UL assignment is jointly coded. The parameters used in the table are given below.
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Table 2 Required signaling bits

	Common control block 
	Cat. 0
	Positions of occupied localized control channels 
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6 Conclusion
In conclusion, we have discussed downlink L1/L2 control design in separate coding and proposed to introduce a common control block (Cat.0 information) to indicate occupied localized and distributed control channels. The inclusion of the common control block in the control signalling has the following benefits.

· Frequency-selective gain in control signalling
· Use of unoccupied control channels for data transmission
· Low UE decoding complexity
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