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1 Introduction

At RAN1#45 and Ad hoc (June) meeting, the downlink L1/L2 control signalling structure was discussed. It is essential for the control signalling design to achieve reliable cell coverage and optimize the spectral efficiency of the control signalling transmission.     

This contribution provides some discussion on the DL L1/L2 control signalling design and proposes a control signalling structure that satisfies the performance requirements of the control signalling.
2 Discussion

Using joint or separate coding between UEs is a key issue for DL control signalling which have to be decided [1]. In [2-4], these two coding schemes were compared in terms of total transmission power. The evaluation results show that separate coding with CQI based power control needs less transmission power. It means that separate coding can achieve larger cell coverage with a fixed NodeB transmission power. 
However, when separate coding is used, the resource assignment for each scheduled UE is indicated independently which results in a huge overhead per information bit. This may reduce the spectral efficiency of the control signalling. 
In [5, 6], the method of joint coding for Cat.1 control information and separate coding for Cat.2/3 control information was proposed. This reduces the information bit overhead by a joint indication of the resource assignment in Cat.1 and good cell coverage is assured with the separate coding for Cat. 2/3. 
However, there are still some limitations for Cat.1 joint coding:
· Firstly, the UE-ID information is explicitly transmitted in the joint coding signalling segment. 
It can be observed that in the control information for DL/UL scheduling [7] only the resource assignment indication information in Cat.1 can be interrelated between different UEs, while the rest of the information is dedicated to each UE. Therefore, whether the UE-ID information is transmitted in joint coding signalling segment or separate coding segments will not affect the format of resource assignment indication information. In HSDPA, the SCCH is separately coded and the UE-ID is transmitted implicitly as a CRC mask or scrambling sequence.  This avoids the signalling and resource overhead for the UE-IDs which should be expressed by 8~9 bits [7]. 
Therefore, the explicit transmission of UE-ID increases the signalling overhead.

· Secondly, the length of Cat.1 join coding signalling segment is scalable according to the number of scheduled UEs.
To support the scalability, one possible solution is transmitting an extra control signalling (Cat.0) [1][6] to indicate the size of resource for Cat.1 in each TTI. This approach will introduce more signalling and resource overhead. 
Another possible solution is blind detection. However, the number of scheduled UEs will directly affect the signalling size of Cat.1, so the complexity of blind detection at UE is higher with a scalable joint coding segment.   

3 Proposed Control Signalling Structure
       Based on the above discussion, we propose a control signalling structure in this section.
(1) The control signalling is divided into to segments: a common segment and a UE-specific segment.
      The common segment:
· contains a resource assignment indication information (DL and UL) to all the scheduled UEs;

· the resource assignment is jointly indicated;
· is demodulated by all the active UEs in the cell;  

       The UE-specific segment:

· contains multiple separate coding packets. Each packet contains all the rest needed information to a target scheduled UE;

· UE-ID is implicitly transmitted as a mask on the CRC of information packet as done in HSDPA. 
· Each packet is demodulated by the target UE indicated by the UE-ID.

       Figure 1 illustrated the proposed control signalling structure.
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Figure 1 Proposed control signalling structure
(2) There are two options of the resource assignment indication in the common segment.
 Option 1: The entire resource assignment indication signalling is contained in the common segment.         
In this case, an example of resource assignment indication method for DL scheduling is illustrated in Figure 2. In the example, a table list indication method [8] is used for localized transmission UEs (L-UE_1~4), and the length of allocated contiguous D-VRBs [7] is indicated for distributed transmission UEs (D-UE_1~2).  
Each UE receives and demodulates the common segment, and then detects the control signalling packets in the UE-specific segment one by one in order. Once a UE detects that it is targeted by a packet, the UE will determine the resource assignment through the order of the packet and the information in the Common segment.
Although the size of Common segment in this case is still scalable, the number of possible sizes is reduced because of the exclusion of UE-ID and duration of assignment. Thus, the indication of size or blind detection will become simpler than the method of Cat.1 joint coding.
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Figure2. Example of resource assignment indication method in the case of the entire resource assignment indication signaling contained in the common segment.
  
Option 2: Partial resource assignment indication information is contained in Common segment and the size of Common segment is fixed.

In this case, an example of resource assignment indication method is using bitmap method to indicate the type of  PRB (L-PRB or D-PRB) in common segment, and the additional resource assignment indication information to each scheduled UE is transmitted in the separate coding packet in UE-specific segment as illustrated in Figure 3.

The size of the Common segment is kept invariable to avoid the overhead of indicating the size of Common segment. Furthermore, the information in Common segment can also implicitly indicate the size of additional resource assignment indication information in the UE-specific segment. For example, in Figure 3, the Common segment indicates that there are 8 L-PRB and 4 D-PRB. This determines the resource assignment indication information bits number in the UE-specific segment.
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Figure 3.  Example of resource assignment indication method in the case of the partial resource assignment indication signalling contained in the common segment.
It should be noted that the resource assignment indication methods in Figure 2 and 3 are only examples for our proposed control signalling structure. The certain indication method for LTE should be FFS.     
4 Conclusion
In this contribution, we provide some discussion on DL L1/L2 control signalling design and propose a control signalling structure: 

The control signaling for DL/UL scheduling is divided into Common segment and UE-specific segment. The Common segment contains the resource assignment indication information with joint coding. The UE-specific segment contains separate coding packets in which the other needed control signalling to a scheduled UE is transmitted. UE-ID information is implicitly transmitted in UE-specific segment as CRC mask of the control signalling packet. 
The advantages of the proposed control signalling structure can be concluded as following: 

- Signalling overhead reduction with a joint indication of the resource assignment and implicit UE ID 



transmission;

- Allow for separate coding for most of control information to a scheduled UE with CQI based power control to improve the cell coverage performance;

- Simplified support for the scalability of the control signalling length.   
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