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1. Introduction
Control information bits and structure of L1/L2 control channel in E-UTRA downlink were proposed in many papers. The current agreed downlink L1/L2 control information bits are summarized in [1]. Following [1], this contribution proposes more detail multiplexing scheme for L1/L2 control information bits. So far, the TDM or FDM based multiplexing of L1/L2 control information bits with shared data channel were proposed. Meanwhile, the multiplexing schemes for simultaneous L1/L2 control information bits to different UEs are FDM (or TDM) and CDM, though the multiplexing was not discussed thoroughly. Therefore, this paper proposes CDM based multiplexing of multiple L1/L2 control channels together with related techniques to achieve high quality. 
2. Multiplexing of L1/L2 Control Information Bits 
2.1. Multiplexing of L1/L2 control information bits with shared data channel

So far, two types of multiplexing structures were proposed and compared for L1/L2 control information bits e.g., [2]-[4]: TDM based and FDM based. The features of respective multiplexing schemes are as follows.

(1) TDM based multiplexing [2]
The following merits are obtained in TDM based multiplexing. First, the demodulation and decoding delay for the shared data channel belonging to the same sub-frame duration can be short in the TDM based structure by multiplexing L1/L2 control information bits at the beginning of each sub-frame. Second, the power saving effect is gained at a UE, which has to decode only L1/L2 control information bits such as resource block (RB) assignment. 
(2) FDM based multiplexing [3][4]
FDM based multiplexing has the benefit to flexibly change the transmission power of L1/L2 control information symbols (bits), by reducing the transmission powers of data symbols keeping the constant total transmission power over the same OFDM symbol duration. By increasing the transmission power of FDM based L1/L2 control information symbols, the coverage area where L1/L2 control information bits are decoded with the required QoS can be extended. 
The coverage area for L1/L2 control information bits can be also extended in TDM based multiplexing structure by repeating the L1/L2 control information bits within one TTI duration (accordingly, the available payload size is decreased by using higher coding rate) or by restricting the number of UEs to whom L1/L2 control information is to be transmitted.
Therefore, we prefer TDM based multiplexing structure for L1/L2 control information bits with the shared data channel in the same sub-frame duration though more detailed quantitative investigations are necessary.

2.2. Multiplexing of Simultaneous L1/L2 Control Information Bits

The channel coding schemes of multiple category 1 information bits for different UEs were compared in [5]. It was reported in [5] that the separate channel coding scheme can decrease the required total transmission power compared to joint channel coding scheme. This is because the UE-specific link adaptation, i.e., mainly transmission power control (TPC) works very effectively to reduce the required transmission power in separate channel coding case, though the control information such as CRC is increased compared to joint channel coding scheme. Thus, we assume separate channel coding scheme for L1/L2 control information bits. 
Then, we focus on multiplexing of simultaneous multiple L1/L2 control information streams for different UEs. The current working assumption is FDM (and/or TDM) multiplexing. However, when the TPC is applied to satisfy the required QoS, the transmission powers of different L1/L2 control information streams fluctuate. This means that the transmission powers fluctuate among sub-carriers in frequency domain assuming TDM based L1/L2 control information structure as shown in Fig. 1(a). Accordingly, the interference to neighboring cells is fluctuated. Therefore, the fluctuation of interferences offered to neighboring cells affects accuracy of link adaptation such as AMC and TPC of the neighboring cells. Meanwhile, in CDM based multiplexing, the fluctuation of transmission powers of L1/L2 control information bits, i.e., interference offered to neighboring cells is decreased as shown in Fig. 1(b). In the case of joint coding of category 1 to 3 information for different UEs, the CDM based multiplexing is also effective in moderating inter-cell interference. 
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(a) FDM (or TDM) based
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(b) CDM based

Figure 1 – Multiplexing of multiple L1/L2 control information streams (assume TDM based multiplexing of L1/L2 control information bits with shared data channel)
3. Proposed L1/L2 Control Channel Structure
3.1. CDM based multiplexing of multiple L1/L2 control information streams
We propose CDM based multiplexing of multiple L1/L2 control information streams as shown in Fig. 1(b), due to the advantageous feature of CDM as we explained. However, in CDM based multiplexing of multiple L1/L2 control information streams, inter-code interference due to frequency-selective fading degrades the achievable packet error rate (PER) performance. Therefore, we apply rotation-CDM [6] to the multiplexing of multiple L1/L2 control information streams as we explain in Section 4. 
3.2. Application of combination of TPC and AMC for L1/L2 control information bits
We must achieve high reception quality to satisfy the required PER for L1/L2 control information bits in the entire cell under multipath fading channels. So far, two types link adaptation methods were proposed for L1/L2 control information bits: TPC [7] and adaptive modulation and coding (AMC) [8]. Therefore, we apply the combination of TPC and AMC for L1/L2 control information bits similar to the proposal in [9]. 
· Assignment of different MCS for different path loss area
The available modulation and coding schemes (MCSs) in the AMC are limited from the restriction of the required control signaling bits. Thus, we use a few MCSs at most. Then, we divide the entire cell area into a few regions according to the rough path loss value shown in Fig. 2. We convey L1/L2 control information bits using the different MCS according to the divided coverage area. Actually, the MCS to each UE is allocated based on the path loss information reported from a UE. In the same MCS region, multiple L1/L2 control channels for different UEs are multiplexed by CDM. The following two types of mappings of MCS regions are considered: localized and distributed mapping of MCS blocks as shown in Fig. 2.  The AMC works more accurately for the instantaneous variations in the frequency domain in localized MCS block mapping rather than distributed MCS block mapping. Whereas, the larger frequency diversity effect is obtained in distributed MCS block mapping. 
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(a) Assignment of different MCS for different path loss area
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(b) Localised MCS block mapping
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(c) Distributed MCS mapping

Figure 2 – Mapping of L1/L2 control information bits with different MCS M (assume TDM based multiplexing of L1/L2 control information bits with shared data channel)
· Use TPC to compensate for instantaneous fading 
We apply TPC to L1/L2 control information bits for compensating for the instantaneous fading variation. Since the combination of TPC and AMC is used, the dynamic rage in the TPC is reduced compared to the case when only TPC is used. We prefer CQI-based TPC since it is suitable for packet based signal [6]. 
4. Techniques to Achieve High Reception Quality for CDM Based L1/L2 Control Channels
We propose following two techniques to achieve high reception quality for CDM based L1/L2 control channel multiplexing. 
· Block interleaving after spreading 

In the CDM based multiplexing, the coded information symbol is spread in the frequency domain for TDM based L1/L2 control channel structure. In general, inter-code interference occurs due to the destruction of orthogonality in code domain in frequency-selective fading channel. Therefore, we apply block interleaving after spreading to suppress the inter-code interference to small level as shown in Fig. 3(a). In the FDM based L1/L2 control channel structure, the block interleaving after spreading is also beneficial to suppressing inter-code interference due to channel variation in time domain (Fig. 3(b)). 
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Figure 3 – Block interleaving after spreading  

· Adaptive phase control (rotational-CDM) 
We have proposed rotational-CDM to reduce inter-code interference in CDM based physical channels [6].  The inter-code interference is a tradeoff relation to averaging effect of fluctuation in the received level over spreading code length, i.e., frequency (or time) diversity effect. Thus, the best PER performance is gained from the tradeoff relation between the suppression of inter-code interference and obtained frequency (or time) diversity effect. In the proposed scheme, by adaptively control the phase rotation of multiplexed code channels according to the extent of frequency (or time) selectivity etc., the optimum PER performance is gained. 

Therefore, we propose to apply the adaptive phase rotation control of multiple L1/L2 control information streams in addition to the block interleaving after spreading as shown in Fig. 4. By employing the combination of block interleaving after spreading and adaptive phase rotation control, the inter-code interference is suppressed to the slight level while frequency (or time) diversity effect is obtained to some extent. The adaptive phase rotation is applicable to both TDM- and FDM-based multiplexing structure of L1/L2 control information with shared data channel suffering from frequency or time selectivity due to delay spread or Doppler, respectively. 
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Figure 4 – Adaptive phase rotation control for CDM based L1/L2 control channels
5. OVSF Code Application on CDM Based L1/L2 Control Channel Multiplexing
As we described, we apply the AMC with the limited number of MCSs in addition to TPC for supporting the wide coverage area. However, the numbers of UEs in the respective MCS regions based on the path loss are not uniformly distributed. Thus, the number of simultaneous L1/L2 control channels in each MCS region is un-uniformly distributed for the pre-allocated radio resource to each MCS region. Accordingly, the efficiency of radio resource usage for L1/L2 control channels is degraded. Therefore, we propose the orthogonal variable spreading factor (OVSF) code assignments for respective MCS regions for CDM based L1/L2 control channel multiplexing [10]. Figures 5(a) and (b) illustrate the proposed OVSF code assignments for different MCSs for TDM or FDM based L1/L2 control channel structure. As shown in the figure, the radio resource is efficiently utilized for multiple MCSs commonly by applying OVSF code. Moreover, we adaptively control phase rotation also for the difference of spreading factor values as shown in Fig. 6. 

[image: image8.emf] 

Resource for Data

Resource for Reference Signals

L1/L2 Control Information for Different UEs

Freq.

T

i

m

e

S

u

b

-

F

r

a

m

e

Freq.

Code

: UE 1 in MCS #1 Region

: UE 2 in MCS #1 Region

: UE 3 in MCS #1 Region

: UE 4 in MCS #1 Region

: UE 1 in MCS #2 Region

: UE 2 in MCS #2 Region


(a) TDM based L1/L2 control channel structure
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(b) FDM based L1/L2 control channel structure

Figure 5 – OVSF code assignments for different MCS regions
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Figure 6 – Adaptive phase rotation control for CDM based L1/L2 control channels with different spreading factor values
6. Conclusion
This paper proposed CDM based multiplexing of multiple L1/L2 control information streams for different UEs. We also proposed following techniques in CDM based multiplexing of L1/L2 control information streams.

· We apply adaptive phase rotation among CDM-based L1/L2 control information streams, to achieve the optimum PER from the tradeoff between suppression of inter-code interference and obtained frequency (or time) diversity gain. 
· We apply combination of TPC and AMC with limited number of MCSs

· We apply OVSF to multiple MCSs so that the radio resource is efficiently utilized for multiple MCSs commonly.
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