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1 Introduction
This contribution points out possible merits of applying Rotational Code-Division Multiplexer (RCDM) scheme to the structure of L1/L2 control channel. 

Many proposals have been submitted and discussed for the design of L1/L2 control channel [1-6] in 3GPP RAN1 meetings. The proposals and discussions so far can be classified into following two big categories:

(a)
The adaptation of transmission power control (TPC) [1]

(b)
The adaptation of adaptive modulation and coding (AMC) [2]
As for (a), the changes of external interference because of the TPC arise as a problem, especially at the cell edge. In order to average the changes of interference from the neighbouring cells, the approaches such as loosing the period of TPC or the application of frequency hopping are effective.
As for (b), the decrease (the loss due to the division) of frequency diversity effect or the efficiency of frequency utilization due to the division of AMC region becomes a worrying point. The contribution [2] addresses this issue by distributing the control sub-carriers or changing the AMC Region dynamically.
This contribution points out that it is highly possible that the above problem can be alleviated by applying the Rotational Code-Multiplexer [8] technology to the design of L1/L2 control channel. In [8] RCM is used to achieve diversity gain for identical UE, whereas in this contribution, we apply the concept for different UEs, to emphasis this difference, the phrase Rotational Code-Division Multiplexer (RCDM) is adapted in this contribution.
2 Applying RCDM to L1/L2 Control Channel
2.1 TPC with RCDM
As shown in Fig 1, it is possible for the timing of L1/L2 control channel of both cell 1 and cell 2 to synchronize no matter Node Bs are synchronous or asynchronous. In this case, if TPC is applied to the L1/L2 control channel, then both cell 1 and cell 2 become the targets of transmission power control (TPC). As the interference power (power of the external interference) changes, the interference power during the communication becomes different to that when CQI was measured; therefore, it is impossible to guarantee the desired SINR.
[image: image1.emf]
Fig.1   An example of sub-carrier allocation for control channels

In order to solve this problem, TR 25.814 [7] suggests distributing the interference uniformly by frequency hopping utilizing different hopping pattern for cell 1 and cell 2. However, several OFDM symbols must be encoded together (in one block) in order to make the hopping effective.

Another way to make the interference uniformly distributed is to use CDM (Code Division Multiplex) for the modulation symbol of the identical L1/L2 control channel, as depicted in Fig.2.
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Fig. 2   An example of CDM sub-carrier allocation for control channels

Here the problem is the inter symbol interference. Especially as the transmission power of every spreading code is different with each other, the interference from those codes with huge/large transmission power is a worried issue. However, as shown in Fig.2, the inter-symbol interference can be alleviated by allocating the spread symbol adjacently on the frequency axis.
However, because of the trade-off relation between the inter-symbol interference and the uniformity of the interference from other cells, in case of traditional Walsh code, the spreading factor/rate is the only designing parameter, so the liberty of design is limited. On the other hand, if spreading multiplex by real type rotational code is utilized, then the rotational angle also becomes a parameter, hence, liberty of the design increases, therefore more suitable allocation can be expected.
Here, let us give a brief overview of RCDM. As described in [8], RCM(RCDM) coverts modulation symbols into sub-carrier symbols. The 4 dimensional real type rotational code (for spreading factor 4) can be written as:
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When θ1=θ2=π/4, the real type rotational code is equivalent to Walsh code, and the multiplexed symbol becomes as depicted in Fig. 3(a). The effect of interference uniformity becomes maximal, on the other hand, inter-symbol interference also become maximal.
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Fig. 3(a)   Rotational code matrix and code multiplexing (θ1=θ2=π/4)
If θ1=θ2=0, then the real type rotational code becomes a unitary matrix, i.e., normal OFDM without code-multiplexing. As shown in Fig 3(b), at this situation, neither effect of uniformity of interference nor the inter symbol interference exists.
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Fig. 3(b)   Rotational code matrix and code multiplexing (θ1=θ2=0)
When θ1 and θ2  are set between 0 and π/4,  the intermediate symbol distribution between that of Fig.3(a) and Fig.3(b) can be achieved. Fig. 3(c) illustrates one example of the symbol allocation model.

[image: image8.wmf] 

Frequency

C

o

d

e

 

P

o

w

e

r


Fig. 3(c)   Code multiplexing by rotational code matrix of (0<θ2<θ1<π/4)
Generally speaking, the bigger the distance between the subcarriers, the bigger the frequency selectivity is, as a result, in order to uniform the external interference while avoiding the inter-symbol interference, it is desirable to set θ1＞θ2. Specific θ should be determined by considering both the range of TPC and the maximal variance of delay.

AMC with RCDM
In [2], application of AMC to L1/L2 control channel was proposed. As shown in Fig.4, it is proposed to divide the frequency axis into different AMC regions and using different AMC according to the location of UE. Although Fig.4 is only an example for L1/L2 control channel assignment, the following problems exists:

(b1) It might be impossible to make full use of effect of frequency diversity.
(b2) It is possible that the loss of division may arise due to the division of AMC Region.

[image: image9.wmf] 

Frequency

AMC Region 

1

AMC Region 

2

AMC Region 

3


Fig. 4   An example of AMC regions for L1/L2 control channel
(b1) As a method to enhance the effect of frequency diversity, distribute allocation of the same/identical AMC region, as illustrated in Fig.5, is proposed instead of using the localization approach depicted in Fig. 4, That is, frequency diversity effect can be enhanced by distributedly allocating the identical codeword along the frequency axis. Furthermore, there is great potential that much more frequency diversity effect can be obtained if code spreading is also carried out within each AMC region. In particular, code spread multiplexing is very effective when the codeword is short. By utilization the real type rotational code instead of the spread multiplexing code, it is possible to specify more properly the trade-off between the frequency diversity and inter-symbol interference.
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Fig.5   An example of distributed AMC regions for L1/L2 control channel
(b2)  Fixed radio resources allocation method yields very bad/low frequency utilization efficiency because the number of UE belong to each AMC Region changes every moment. In order to solve this problem, Code division multiplexing by OVSF(Orthogonal Variable Spreading Factor) is proposed.
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Fig.6   An example of distributed AMC regions for L1/L2 control channel
The left figure of Fig.6 illustrates an example of a code-tree  and the code assignment according to AMC, where C31 is the spreading code corresponding to AMC Region 3, and similarly, C21 and C22, C11～C14 are respectively the spreading codes corresponding to AMC Region 2 and AMC Region 1. As shown in the right part of Fig.6, Even when the number of UEs accommodated to every AMC region changes, the frequency resource can be efficiently utilized by only changing the code assignment.

However, as the spreading factor/rate increases, the number of assigned/allocated codes increases, as a result, although frequency utilization efficiency can be enhanced, the problem of inter-symbol interference arise.

In order to properly design this trade-off relation, OVSF by real type rotational code can be considered. 
As to the problem of the division loss due to the AMC region pointed out in this session, a possible solution is to change each region to dynamic ones. Further discussions including the overhead issue are necessary from now on.

3 Concluding Remarks
This contribution proposes to apply the RCDM technologies to the L1/L2 control channel, in combination with both TPC and AMC respectively. The possible merits of rotational code division multiplexing adapted L1/L2 control channel scheme are also covered.
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