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1. Introduction
The TDM-based multiplexing of L1/L2 control signaling bits with shared data channel was adopted in the downlink at RAN1 #47 meeting [1] and the agreed way forward was given in [13] at RAN1 #48bis meeting. The agreed issues about downlink L1/L2 control channel are summarized as well in [2]. Following the agreed issues in [2], this contribution presents the required L1/L2 control signaling bits in the downlink and multiplexing schemes of L1/L2 control signaling bits of multiples UEs focusing on CDM-based multiplexing, together with the merit of CDM-based one. 
2. Multiplexing of L1/L2 Control Information Bits 
At the RAN1#47 meeting, the TDM-based multiplexing of L1/L2 control signaling bits with shared data channel was adopted. Thus, in the contribution, we assume TDM-based multiplexing L1/L2 control channel structure with shared data channel. Moreover, at RAN#48 meeting, the concept of downlink L1/L2 control channels was approved [12]; and at RAN1 #48bis meeting, further way forward has been given [13] Thus, following the approved concept, we propose multiplexing methods of L1/L2 control information bits of different UEs.
2.1. Proposed Multiplexing Methods of L1/L2 Control Information Bits of Different UEs
We propose the following issues for multiplexing methods of L1/L2 control information bits of different UEs.

· We propose hybrid of FDM and CDM multiplexing method of L1/L2 control information bits of different UEs. This is because that the CDM based multiplexing is beneficial to mitigating the fluctuation of transmission powers of L1/L2 control information bits, i.e., interference offered to neighboring cells. Since we use block spreading with the small number of spreading factor value, the influence of inter-code interference is small, while sufficient interleaving gain is obtained. Even with the small spreading factor value, inter-code interference may occur when the delay spread value is large. Thus, we apply rotation-CDM [6] to the multiplexing of multiple L1/L2 control information streams as we explain in Section 4.
· We prefer the number of control channel element (CCE) to be a multiple of 8, following the ongoing email discussions.

· In the proposed hybrid multiplexing of FDM and CDM, we set the restriction on the combinations of available frequency blocks and spreading codes

· In the CDM based multiplexing, we prefer variable spreading factor to multi-code to change symbol rate of L1/L2 control information

· We propose simultaneous multiplexing of UEs with different number of L1/L2 control information symbols within the same sub-frame. This is achieved both in FDM and CDM using the OVSF principle.

2.2. Candidates of Multiplexing of L1/L2 Control Information Symbols
As above-mentioned, our main proposal is multiplexing using combination of FDM and CDM by exploiting merits of FDM and CDM.
 (1) Multiplexing method using combination of FDM and CDM

In the multiplexing using CDM, one CCE corresponds to one spreading code channel. Figures 2(a) and (b) show the multiplexing method using hybrid of FDM and CDM with localized FDM and distributed FDM, respectively.  We set to the restriction on the available combination of radio resource in FDM and code (spreading factor) in CDM to simplify blind detection at a UE. Block spreading, i.e., interleaving of spread symbols is used in the proposed multiplexing. We prefer distributed FDMA to localized FDM to achieve large frequency diversity gain. To support UEs with different path loss from a Node B, the multiple repetition factor (channel coding rate) is used. Thus, in the CDM multiplexing, variable spreading factor or multi-code is considered to support different repetition factor. We prefer variable spreading factor to multi-code taking into account optimization between suppression effect of fluctuated transmission power and suppression of inter-code interference.  
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(a) Localized FDM

[image: image2.emf]* For the case when only one CCE is utilized and SF=4

*For the case when two CCEs are utilized;

 (1) two code multiplexed for SF=4

(2)  one code for SF=2


(b) Distributed FDM

Figure 2 - Multiplexing method of L1/L2 control signaling bits
using combination of FDM and CDM
3. 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 [8] and adaptive modulation and coding (AMC) [9]. Therefore, we apply the combination of TPC and AMC for L1/L2 control information bits similar to the proposal in [10]. 

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.  In the AMC, to reduce category 0 information, we prefer constant modulation scheme, i.e., only QPSK modulation. Then, the different coding rates are mainly generated by repetition coding by changing the repetition factor. However, the application of multiple channel coding rates may be beneficial, since channel coding provides additional coding gain compared to repetition coding. The further investigation is necessary for the application of multiple channel coding rates. 

4. Adaptive phase control (rotational-CDM) 
We have proposed rotational-CDM to reduce inter-code interference in CDM based physical channels [7].  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. 3. 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 TDM-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. Moreover, Figure 4 shows the block diagram of adaptive phase rotation control when the OVSF code is employed the different spreading factor values.
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Figure 3 – Adaptive phase rotation control for CDM based L1/L2 control channels
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Figure 4 – Adaptive phase rotation control for CDM based L1/L2 control channels with different spreading factor values
5. Control Signaling for Rotational-CDM

In the rotational-CDM, the optimum phase rotation is at a Node B. Then, Node B transmits multiplex L1/L2 control information bits to different UEs with the calculated optimum phase rotation. The phase rotation value is necessary for demodulation of L1/L2 control information bits using MMSE receiver at a UE. Thus, the phase rotation value is carried by downlink control channel. However, it should be noted that the phase rotation value is necessary at very infrequency interval or only at the beginning of channel setup. This is because it is sufficient that the phase rotation value is decided from the average delay spread value in the frequency domain spreading or average Doppler frequency in the time domain spreading. Therefore, the impact of the rotational-CDM on the control signaling bits seems small. 

The non-primary broadcast information channel or L1/L2 control information channel can be used for transferring the phase rotation value. 

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. Moreover, we apply OVSF to multiple MCSs so that the radio resource is efficiently utilized for multiple MCSs commonly.
· In the rotational-CDM, phase rotation value is informed UE by downlink control channel. However, it should be noted that the phase rotation value is necessary at very infrequency interval or only at the beginning of channel setup
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