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1 Introduction

This paper lists basic requirements for mapping of data channel and shared control channel (SCCH) onto physical resource (mainly in frequency domain). The requirements will set the framework for further system design in WI phase.

CQI based power control for SCCH is also discussed. 

2 DL Physical channel mapping

2.1 For Data Channel:

· Data channel is shared channel (DSCH), MBMS, paging message, broadcast channel etc.  

· Data of all data channels should be mapped onto physical resource block (PRB) in a as common manner as possible to minimize system and UE complexity
· Each PRB consist of 25 consecutive sub-carriers [TR 25.814]. In 1.25, 2.5, 5, 10, 15, 20 MHz system there will be 3, 6, 12, 24, 36, 48 PRBs.  
· In principle, DC sub-carrier can be used for carrying data. Whether UE can receive data on DC sub-carrier or not should be implementation issues i.e. DC sub-carrier should still be seen as part of a PRB.

· If other channels (such as reference signals, L1 control, synch channel etc.) also occupy some physical resource of a PRB, this occupation should be static (at most semi-static) so that UE can extract correctly physical resource for each type of channel.    

· 10MHz capable UE will be able to process data channel mapped on up to 24 consecutive PRBs being transmitted from a cell with 15MHz & 20MHz system bandwidth.

· In 20MHz and 15MHz system, there should be 3 camp bands for 10MHz UE as shown in Figure 1 below. Camp band 1 and 3 are essential to ensure load balancing. Camp band 2 is the same as the only camp band in 10MHz system and is essential for

· Efficient communication between system and idle mode UE i.e. UE can perform neighbour cell search, MBMS reception, paging reception without retuning RF

· MBMS transmission while maintaining load balancing
 for DSCH. 
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Figure 1: Mapping of data channel on PRB
2.2 For L1 control channel:

· It is desirable to use similar (or the same) concept of PRB for DSCH & SCCH mapping 
· Mapping should be static (at most semi-static) to minimize UE complexity. 
· Any 10MHz UE shall only be able to receive control channel when it maps onto physical frequency resource within its camp band

· Structure & mapping of SCCH should be such that 10MHz UE can apply the same processing to receive it regardless of the camp band the UE is camping on.
· From above two bullets, it follows that one control channel should be mapped to a block of no more than 
· 150 consecutive sub-carriers (6PRBs)
 in case of 15MHz system bandwidth.

· 300 consecutive sub-carriers (12PRBs) in case of 20MHz system bandwidth.

· TDM approach should be used if possible to enable micro sleep mode. Note that only mapping of Cat1 info is required to be TDM.

3 CQI-based power control for SCCH

CQI-based power control should be used to ensure efficient power allocation and equally good decoding performance of SCCH for as many UE as possible. Note that CQI indicates level of both path loss and frequency selective fading.
Figure 2 illustrates how CQI based power control can be done to control performance of SCCH. 
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Figure 2: Power controlled based on CQI for localized PSCCH

To make the description easier to understand, following assumptions are made 

· 20 MHz system bandwidth i.e. one control channel should be mapped to a block of no more than 300 consecutive sub-carriers 

· Up to 4 SCCHs (i.e. 4UEs) can share 300 consecutive sub-carriers in one sub-frame 

· Each SCCH occupies a set of consecutive sub-carriers (localized SCCH). 

In Figure 2, the gray color bar indicates level of average CQI reported by each UE for each out of 4 candidate locations (in frequency domain) for SCCH in a block of 300 active sub-carriers. The other colors (magenta, yellow, green, and blue) indicate level of transmit power required so that same decoding performance of SCCH would be met for each UE1, UE2, UE3, and UE4 respectively if SCCH were transmitted on the corresponding location. The higher the average reported CQI, the smaller required Tx power (water filling). The optimal SCCH allocation is chosen (as shown in the figure) so that total Tx power allocated to all UEs is minimum.      

To summarise, very simple SCCH quality control for slow/medium speed UE can be achieved using general algorithm below 

· Location of SCCHs for each of the schedule UEs in frequency domain should be chosen so that total power allocated to all SCCHs is minimum. 

· The higher average CQI UE sees, the lower Tx power allocation is required for its SCCH. 
· Power control can even be done with higher resolution if UE report 2 or more CQIs per SCCH location provided that sum of powers is equal total power allocated to that UE.     
If distributed physical resource allocation is applied on each SCCH, then allocation of sub-carriers should be similar to that showed in Figure 4 where 4 SCCHs share 300 active sub-carriers in one OFDM symbol. Same algorithm for power control as mentioned above can be applied in this case.
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Figure 3: Distributed SCCH 

4 Conclusion

Physical channel mapping for data channel should meet the following requirements:

· Data of all data channels are mapped onto physical resource block (PRB), each consist of 25 consecutive sub-carriers as shown in Figure 1.  

· In 20MHz and 15MHz system, there should be 3 camp bands for 10MHz UE as shown in Figure 1
Physical channel mapping for data channel should meet the following requirements:

· Mapping should be static (at most semi-static) to minimize UE complexity. 

· One control channel should be mapped to a block of no more than 150/300 consecutive sub-carriers in case of 15/20MHz system bandwidth.

· TDM approach should be used if possible to enable micro sleep mode. Note that only mapping of Cat1 info is required to be TDM.

CQI based power control should be used to ensure efficient power allocation and equally good decoding performance of SCCH for as many UE as possible
Though there is some view that that by jointly encoding SCCHs of several UEs, decoding improvement could be achieved for each individual UE. However this approach may conflict with power controlled based on CQI (or possibly beam forming) for individual UE. It is also not clear how joint coding works when number of scheduled UEs is changing from sub-frame to sub-frame.
� If MBMS has high load and is being transmitted only in Camp band 1, then scheduling for active mode UE, which is not interested in MBMS and camped in Camp band 1, will be affected (DSCH congestion).    


� For example, in 15MHz system (� REF _Ref137610870 \h ��Figure 1�), control channels for UEs camping in Camp band 2 fully occupy PRB#7 to PRB#30 then there are only 6PRBs left for mapping of control channels for UEs camping in Camp band 1 (PRB#1 to #6) and Camp band 3 (PRB#31 to #36).
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