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1/ Introduction
This paper discusses some requirements on physical channel mapping for SCCH (Shared Control Channel). CQI based power control for SCCH is also discussed. 

2/ Assumptions & Requirements
Followings are basic requirements that will be used for further discussion. 
Note that minimum UE capability is 10MHz [TR 25.814].       
Basic requirements of SCCH design:

· REQ_1: Any UE shall only be able to receive SCCH when it maps onto physical frequency resource within the camp band
. 
· REQ_2: Scheduling of different UE capabilities in one TTI shall be possible.  
· REQ_3: SCCH design must enable the UE to receive control information intended for it without knowing about the presence of control information intended for other users being transmitted in the same sub-frame.
· REQ_4: Structure of SCCH should be such that UE can apply the same processing to receive it regardless of the camp band UE is camping on.  

· REQ_5: CQI-based power control should be used to ensure equally good decoding performance of control signalling for as many UE as possible. It should be noted that depending on UE location in a cell and interference condition, two different UEs can see a difference in pilot SNR of up to tens of dB.
3/ Physical channel mapping limitation

In general, SCCH for a UE is mapped on a set of sub-carriers.  

Since min UE capability is 10MHz, in theory, when transmission bandwidth is 10MHz or less, each sub-carrier within one set could be located anywhere within the effective transmission bandwidth
. REQ_1 implies that location of sub-carrier within one set must be limited within a block of 600 consecutive sub-carriers even when transmission bandwidth is 15MHz or 20MHz. 
When transmission bandwidth is 15MHz or 20MHz, there is additional limitation on location of sub-carrier within one set. This is due to the presence of 10MHz UE capability and different Camp band positions within the transmission bandwidth as explained below   

Assume that there is maximum N SCCHs that can be simultaneously transmitted in one sub-frame on a block of 600 consecutive sub-carriers (~ effective reception bandwidth of 10MHz UE)    
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Figure 1: Camping of different UE caps in cell with 15MHz transmission bandwidth

In this figure, if N SCCHs is being transmitted on Camp band 2 then location of sub-carrier within one set must be limited within 150 consecutive sub-carriers as otherwise it is not possible to schedule for users camping on Camp band 1 or 3 or 4 during the same sub-frame (see REQ_2 and REQ_3).
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Figure 2: Camping of different UE caps in cell with 20MHz transmission bandwidth

In this figure, if N SCCHs is being transmitted on Camp band 2 then location of sub-carrier within one set must be limited within 300 consecutive sub-carriers as other wise it is not possible to schedule for users camping on Camp band 1, 3 or 4 (see REQ_2 and REQ_3).

4/ 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 3 illustrates how CQI based power control can be done to control performance of SCCH. 
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Figure 3: Power controlled based on CQI for localized PSCCH

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

· Location of sub-carrier within one set (PSCCH) must be limited within 300 consecutive sub-carriers (see section 3).

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

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

In Figure 3, the gray color bar indicates level of average CQI reported by each UE for each out of 4 candidate locations (in frequency domain) for PSCCH 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 PSCCH were transmitted on the corresponding location. The higher the average reported CQI, the smaller required Tx power (water filling). The optimal PSCCH allocation is chosen (as shown in the figure) so that total Tx power allocated to all UEs is minimum.      

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

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

· The higher average CQI UE sees, the lower Tx power allocation is required for its PSCCH. 
· Power control can even be done with higher resolution if UE report 2 or more CQIs per PSCCH location provided that sum of powers is equal total power allocated to that UE. 
In the context of example in Figure 3, following exemplar algorithm can be used. For simplicity, it is assumed that each user report 8CQIs per block of 300 tones (2CQIs per location).  

· Step1: For each User, calculate 4 average CQIs (using each pair of 8CQIs reported) corresponding to 4 possible locations. Then calculate 4 possible power level required for each location. The higher the average CQI the lower power level so that at the UE, received power would be the same for all location and same quality target of SCCH would be ensure   

· Step2: For each out of 24(24=4!) possible combinations of locations, calculate total power required by all UE. Choose the combination that required minimum total power for use in Step3. In Figure 3, the chosen combination is UE1/4/2/3 
· Step3: For each user within its chosen frequency location, further split the allocated power into 2 parts corresponding to 2 reported CQIs so that at the UE, received power for any tones would be the same.     
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 4: Distributed PSCCH 

5/ Conclusion
At this moment, limitation on location of sub-carrier used for mapping of one SCCH seems to be dependent on the transmission bandwidth. From UE implementation, it would be desirable to have single mapping to make SCCH detection simple.

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.
� See [R2-061297] for definition of camp band


� See [R2-061297] for definition of effective transmission bandwidth
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