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1/ Introduction
Scalable bandwidth and UE capability issues have been discussed in more details in [R1-060058]. In this contribution, we discuss the interaction of those issues and physical channel mapping for Shared Control Channel (SCCH). We also provide our view on how decoding performance of SCCH should be controlled.                              

2/ Discussion
In [R1-060058], we have provided further details on scalable bandwidth focusing on how UE of different capability could camp on a wideband cell. As in [R1-060058], UE capability is defined as maximum reception bandwidth that UE can support. A cell is considered to be wideband if its transmission bandwidth is larger than maximum reception bandwidth of the minimum UE capability. 
Figure 1 below taken from [R1-060058] will be used for further discussion. 
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Figure 1: Camping of different UE caps in 20MHz cell bandwidth

In Figure 1, cell transmission bandwidth is 20MHz and there are 1201 occupied sub-carries from f-600 to f+600
By camping it means each 5/10/15/20 MHz UE shall tune its carrier frequency to appropriate fKx150 where K=0, 1, 2, 3 so that it can perform the same RF processing, then same FFT of size 512/1024/1536/2048 to receive 300/600/900/1200 desired sub-carriers respectively regardless of the position of the camp band within cell transmission band.  
Basic requirements of SCCH design:

· REQ_1: Any UE shall only receive PSCCHs (Physical Shared Control Channel) in the camp band
· REQ_2: Scheduling of different UE capabilities in one TTI shall be possible.  

· REQ_3: SCCHs should be divided into sets. A set may contain 4SCCHs (similar to WCDMA). Each UE is required to monitor one or more sets depending on its capability.  

· REQ_4: It is desirable that transmission of all SCCH can be fit in 1st OFDM symbol together with 1st reference signal [R1-060056]. At least, UE ID should be in the 1st OFDM symbol in a TTI to maximize sleep mode efficiency. The multiplexing operation must be done so that any UE can extract its own ID without knowing about presence of SCCH of other UEs.
· REQ_5: Structure and mapping of SCCH should be such that UE can apply the same processing to receive it regardless of the band UE is camping on.  

· REQ_6: CQI-based power control should be used to ensure equally good decoding performance of control signalling for as many UE as possible, especially slow/medium speed UE.
· REQ_7: Signalling load for high capability UE could be higher (see Annex) so to achieve the same decoding performance for SCCH, more physical resource allocation (power and/or number of physical symbols and/or diversity) may be needed 

2.1/ Physical channel mapping for SCCH

Because of the following factors 

· There can be multiple camp bands in a wide band (see Figure 1) And 

· Mandatory REQ_1 And REQ_2 And
· Desirable REQ_3 to REQ_5.
Following requirements applied to PSCCH design regardless of UE capability

· REQ_8: A PSCCH shall be confined within a block of 301 consecutive sub-carriers  (correspond to 5MHz reception bandwidth of minimum UE capability) 
· REQ_9: A PSCCH should have the same number of physical channel symbols and same position mapping. At least PSCCH part 1, which all UEs should decode without any pre-information, should have the same number of physical channel symbols and same position mapping. In case that the length of control information bits is variable, PSCCH part2 should be defined so that to avoid complexity in PSCCH part1 decoding.
Example in Figure 2 will be used to explain REQ_8 and REQ_9.


[image: image2.emf]5MHz  (UE3_1,UE3_2,UE3_3,UE3_4)

f

0

f

-600

f

+600

f

-150

f

+150

f

+450

f

+300

f

-300

f

-450

20MHz (UE0_1,UE0_2,UE0_3,UE0_4)

10MHz (UE1_1,UE1_2,UE1_3,UE1_4) 10MHz UE3  (UE2_1,UE2_2,UE2_3,UE2_4)

5MHz  (UE4_1,UE4_2,UE4_3,UE4_4)

PSDCH

(and

PSCCH

Part2?)

Camp

bands

UE3_2 UE0_1 UE1_3 UE4_3 UE4_4 UE2_2 UE3_1 UE3_3 UE3_4 UE0_2

PSCCH

(Part1?)

1_3 3_2 1_3 0_1 4_4 4_3 0_1 UE2_2 UE0_2 3_1 3_3 3_4 4_4

T

T

I

Transmission

BW


Figure 2: PSCCH & PSDCH multiplexing

In this Figure 2, there are 5 groups of UE where UE0_* is 20MHz, UE1_* & UE2_* is 10MHz, UE3_* and UE4_* is 5MHz capability. To simplify the explanation, it is assumed in the figure that 

· SCCH will be placed in 1st OFDM symbol and part of the 2nd OFDM symbol if necessary. Please see [R1-060056].
· SDCH fits in the last 6 OFDM symbols of a 0.5ms TTI. Please see [R1-060056].
· There are 4 localised PSCCHs in a block of 300 active sub-carriers. Localised FDM for PSCCH is used here just for example only.  
Rational for REQ_8:

Obviously, for 5MHz UE, PSCCH is confined within a block of 301 consecutive sub-carriers. What would happen if the same constrain is not applied for 10/15/20MHz UE? 
· Firstly, it is impossible to schedule UE1_3 and UE3_1/2/3/4 simultaneously in one TTI because PSCCHs of UE3_1/2/3/4 fully occupied left most block of 301 sub-carriers. 
· Secondly, scheduling algorithm could be quite complex. It is because, scheduler should normally take care of prioritising data to be transmitted for a UE in a TTI based on service priority, size of data buffer, CQI, etc. Now the scheduler would also need to take care how to avoid collision between PSCCH of UEs having different capability.

Rational for REQ_9:

If this requirement is satisfied, it will enable the most flexible way of multiplexing of PSCCH of different UE caps (at leat for Part1 which will be monitor by all UEs). In this case, scheduling complexity required to manage SCCH is minimum (same as in case where there is only one UE cap in the system).

2.2/ 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, especially slow/medium speed UE

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 
· Considered a 5MHz camp band where maximum of 4UEs can be simultaneously scheduled in one TTI. 
· 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. 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 

3/ Conclusion

In this contribution, we discuss several basic requirements for 

· Physical channel mapping of SCCH

· Quality control of SCCH

We propose to capture some of the requirements into [TR 25.814]  
4/ References

[TR 25.814]
Physical Layer Aspects for Evolved UTRA V0.5.0 (2005-11)
[R1-060056]
“Physical channel mapping for uni-cast”, NEC  
[R1-060058]
“Scalable bandwidth and UE capability”, NEC  
5/ Annex

SCCH structure for DL:

· UE Identity of scheduled UE – potentially used for masking with UE specific CRC (16 bits) => common for all UE cap

· Chunk Information for downlink data (7 bits assuming identical overhead as in the case of code-set mapping for the HS-SCCH) => should be significantly variable according to UE cap

· Modulation Scheme (2 bits) => common for all UE cap

· Transport Block Size (6 bits) => should be variable according to UE cap

· Hybrid ARQ Information : Process Number (3 bits), Redundancy Version (3 bits), New data indicator (1 bit) => common for all UE cap

· Control Signalling for Uplink Channels : Power Control bits (1 bit), HARQ ACK/NACK (1 bit) => common for all UE cap
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