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1. Introduction
Downlink L1/L2 control channel carries category 1, 2 and 3 control information for downlink shared data channel and control information for uplink shared data channel [1]. At the RAN1#47 meeting, TDM-based multiplexing of L1/L2 control channel with shared data channel was agreed [2].  The one of the next issues to be decided is efficient multiplexing of multiple L1/L2 control signaling bits for different UEs. This contribution summarized the basic multiplexing schemes of downlink L1/L2 control information from the viewpoints of multiplexing of UEs and of types of control information. 
2. Basic views for Multiplexing of Downlink L1/L2 Control Signals
We assume following issues for downlink L1/L2 control signals.  
· L1/L2 control signals for different UEs are channel-encoded separately. This is for enabling UE-dependent link adaptation such as transmission power control, which is effective in reducing the required received SINR [3]. 
· Separate channel coding including repetition coding is used between downlink-related control signals and uplink-related control signals. This is because the timings of downlink- and uplink-related control signals are independent in principle [3].

· UE ID is not attached for downlink ACK/NACK signal for uplink shared data channel by pre-deciding the relation between the index of radio resource for the downlink L1/L2 control channel for uplink radio resource assignment and the index of radio resource for ACK/NACK [4].
3. Basic Multiplexing Schemes for Downlink L1/L2 Control Signals
We consider the basic multiplexing schemes for downlink L1/L2 control signals as follows. In the following options, we assume that relation between the index of the uplink shared data channel and the radio resource index for related downlink L1/L2 control signals is pre-decided. Accordingly, the UE ID is unnecessary to the some of uplink-related L1/L2 control signals such as ACK/NACK signal [4].
3.1. FDMA based multiplexing for different UEs
(1) Distributed FDM based multiplexing between downlink and uplink control signals
The multiplexing schemes employing distributed FDM transmission were further classified into the following three schemes.
· FDMA-Distributed FDM- scheme 1 (Figure 1)
· Both downlink- and uplink-related control information employ distributed FDM transmission
· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-Distributed FDM- scheme 2 (Figure 2)
· Combination of distributed and localized FDM transmissions
· Category 1 information in the downlink and uplink-related control information use distributed FDM transmission, whereas, Category 2 and 3 information in the downlink is carried by the resource block (RB) assigned by Node B scheduler. Thus, larger gain is obtained than the distributed FDM for downlink category 2 and 3 control information
· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined
· FDMA-Distributed FDM-scheme 3 (Figure 3)
· Combination of distributed and localized FDM transmissions
· Downlink-related control information with all categories are transmitted by distributed FDM transmission, whereas, some of uplink-related control information are multiplexed by localized FDM.
· In the multiplexing scheme, the index of localized carrier for uplink-related control information corresponds to the index of uplink shared data channel

· Since UE feedbacks CQI information, the uplink-related control information can be transmitted from the best localized carrier for each UE. In the case, however, UE must search all localized carriers for uplink-related control information blindly without UE ID information. Then, since the search of localised carrier is unrealistic, there is no merit of the localized FDM transmission for uplink-related control information from the distributed FDM transmission in Fig. 1 
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Figure 1 – FDMA-Distributed FDM- scheme 1
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Figure 2 – FDMA-Distributed FDM- scheme 2
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Figure 3 – FDMA-Distributed FDM- scheme 3

(2) Localized FDM based multiplexing between downlink and uplink control signals
In the multiplexing schemes, downlink- and uplink-related control information is multiplexed by localized FDM transmission. The kinds of multiplexing schemes are further classified into the following three schemes
· FDMA-Localized FDM-scheme 1 (Figure 4)

· Downlink-related or uplink-related control information for different UEs are multiplexed by distributed FDM transmission each

· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource with the restricted transmission bandwidth for corresponding uplink-related L1/L2 control signals is pre-determined
· FDMA-Localized FDM-scheme 2 (Figure 5)

· Uplink-related control information for different UEs is multiplexed by distributed FDMA
· Category 1 control information in downlink is multiplexed by distributed FDMA, whereas category 2 and 3 control information is multiplexed into the scheduled RB. Thus, larger gain is obtained than the distributed FDM with the assigned transmission bandwidth for downlink category 2 and 3 control information

· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource with the restricted transmission bandwidth for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-Localized FDM-scheme 3 (Figure 6)
· Some of uplink-related control information are multiplexed by localized FDM. However, there is no gain for the localized FDM transmission from the distributed FDM transmission in Fig. 4
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Figure 4 – FDMA-Localized FDM-scheme 1
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Figure 5 – FDMA-Localized FDM-scheme 2
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Figure 6 – FDMA-Localized FDM-scheme 3

(3) CDM based multiplexing between downlink and uplink control signals

In the multiplexing schemes, uplink- and downlink-related control information is multiplexed by CDM. The multiplexing schemes are further classified into the following three schemes.

· FDMA-CDM-scheme 1 (Figure 7)

· In each code channel, uplink- or downlink-related control information for different UEs are multiplexed only by distributed FDMA transmission
· The relation between the index of the uplink shared data channel and the index of hybrid of distributed FDMA and CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-CDM-scheme 2 (Figure 8)
· Downlink category 1 and uplink-related control information is multiplexed by CDM and at each control information, multiple control information for different UEs are multiplexed by distributed FDMA transmission
· Category 2 and 3 downlink control information is multiplexed into the UE-dependent scheduled RB, providing larger gain than distributed FDMA 
· The relation between the index of the uplink shared data channel and the index of hybrid of distributed FDMA and CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-CDM-scheme 3 (Figure 9)

· Similar to the schemes in Figs. 3 and 6, no merit of localized FDM transmission is gained from the distributed FDM in Fig. 7 for uplink-related control information
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Figure 7 – FDMA-CDM-scheme 1
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Figure 8 – FDMA-CDM-scheme 2
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Figure 9 – FDMA-CDM-scheme 3

(4) TDM based multiplexing between downlink and uplink control signals

In the multiplexing schemes, downlink-related and uplink-related control information are multiplexed by TDM, i.e., into the different OFDM symbols. The TDM based multiplexing scheme is further classified into the following three schemes.
· FDMA-TDM-scheme 1 (Figure 10)

· In each downlink- or uplink-related control information, control information for different UEs are multiplexed only by distributed FDMA transmission
· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource at the given OFDM symbol for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-TDM-scheme 2 (Figure 11)

· Downlink category 1 and uplink-related control information is multiplexed by TDM and at each control information, multiple control information for different UEs are multiplexed by distributed FDMA transmission
· Category 2 and 3 downlink control information is multiplexed into the UE-dependent scheduled RB, providing larger gain than distributed FDMA 

· The relation between the index of the uplink shared data channel and the index of distributed FDMA radio resource at the given OFDM symbol for corresponding uplink-related L1/L2 control signals is pre-determined

· FDMA-TDM-scheme 3 (Figure 12)
· Similar to the schemes in Figs. 3, 6, and 9, no merit of localized FDM transmission is gained from the distributed FDM in Fig. 10 for uplink-related control information
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Figure 10 – FDMA-TDM-scheme 1
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Figure 11 – FDMA-TDM-scheme 2
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Figure 12 – FDMA-TDM-scheme 3

3.2. CDMA based multiplexing for different UEs

(1) Localized FDM based multiplexing between downlink and uplink control signals

In the multiplexing schemes, downlink- and uplink-related control information is multiplexed by localized FDM transmission. The kinds of multiplexing schemes are further classified into the following three schemes

· CDMA-Localized FDM-scheme 1 (Figure 13)

· Downlink-related or uplink-related control information for different UEs are multiplexed by CDMA transmission each

· The relation between the index of the uplink shared data channel and the index of CDMA radio resource with the restricted transmission bandwidth for corresponding uplink-related L1/L2 control signals is pre-determined
· CDMA-Localized FDM-scheme 2 (Figure 14)

· Uplink-related control information for different UEs is multiplexed by CDMA with the assigned transmission bandwidth
· Category 1 control information in downlink is multiplexed by CDMA with the assigned transmission bandwidth, whereas category 2 and 3 control information is multiplexed into the scheduled RB. Thus, larger gain is obtained than the CDMA for downlink category 2 and 3 control information

· The relation between the index of the uplink shared data channel and the index of CDMA radio resource with the restricted transmission bandwidth for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-Localized FDM-scheme 3 (Figure 15)

· Some of uplink-related control information are multiplexed by localized FDM. However, there is no gain for the localized FDM transmission from the CDMA with wide assigned transmission bandwidth in Fig. 13
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Figure 13 – CDMA-Localized FDM-scheme 1
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Figure 14 – CDMA-Localized FDM-scheme 2
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Figure 15 – CDMA-Localized FDM-scheme 3

(2) Distributed FDM based multiplexing between downlink and uplink control signals

The multiplexing schemes employing distributed FDM transmission ware further classified into the following three schemes.

· CDMA-Distributed FDM- scheme 1 (Figure 16)

· Both downlink- and uplink-related control information employ distributed FDM transmission for the same UE
· The relation between uplink shared data channel and index of uplink CDMA with a certain comb is pre-determined

· The relation between the index of the uplink shared data channel and the index of hybrid of distributed FDMA and CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-Distributed FDM- scheme 2 (Figure 17)

· Combination of distributed and localized FDM transmissions
· Category 1 information in the downlink and uplink-related control information use distributed FDM transmission, whereas, Category 2 and 3 information in the downlink is carried by the resource block (RB) assigned by Node B scheduler. Thus, larger gain is obtained than the distributed FDM for downlink category 2 and 3 control information

· The relation between the index of the uplink shared data channel and the index of hybrid of distributed FDMA and CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-Distributed FDM-scheme 3 (Figure 18)

· Similar to the schemes in Figs. 15, no merit of localized FDM transmission is gained from the distributed FDM in Fig. 16 for uplink-related control information 
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Figure 16 – CDMA-Distributed FDM- scheme 1
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Figure 17 – CDMA-Distributed FDM- scheme 2
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Figure 18 – CDMA-Distributed FDM- scheme 3
(3) CDM based multiplexing between downlink and uplink control signals

In the multiplexing schemes, uplink- and downlink-related control information is multiplexed by CDM. The multiplexing schemes are further classified into the following three schemes.

· CDMA-CDM-scheme 1 (Figure 19)

· In each code channel, uplink- or downlink-related control information for different UEs are multiplexed only by CDMA transmission
· The relation between the index of the uplink shared data channel and the index of CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-CDM-scheme 2 (Figure 20)

· Downlink category 1 and uplink-related control information is multiplexed by CDM and at each control information, multiple control information for different UEs are multiplexed by CDMA transmission
· Category 2 and 3 downlink control information is multiplexed into the UE-dependent scheduled RB, providing larger gain than CDMA transmission 

· The relation between the index of the uplink shared data channel and the index of CDMA radio resource for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-CDM-scheme 3 (Figure 21)

· Similar to the schemes in Figs. 15 and 18, no merit of localized FDM transmission is gained from the CDMA in Fig.19 for uplink-related control information
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Figure 19 – CDMA-CDM-scheme 1
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Figure 20 – CDMA-CDM-scheme 2
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Figure 21 – CDMA-CDM-scheme 3

(4) TDM based multiplexing between downlink and uplink control signals

In the multiplexing schemes, downlink-related and uplink-related control information are multiplexed by TDM, i.e., into the different OFDM symbols. The TDM based multiplexing scheme is further classified into the following three schemes.

· CDMA-TDM-scheme 1 (Figure 22)

· In each downlink- or uplink-related control information, control information for different UEs are multiplexed only by CDMA transmission
· The relation between the index of the uplink shared data channel and the index of CDMA radio resource at the given OFDM symbol for corresponding uplink-related L1/L2 control signals is pre-determined

· CDMA-TDM-scheme 2 (Figure 23)

· Downlink category 1 and uplink-related control information is multiplexed by TDM and at each control information, multiple control information for different UEs are multiplexed by CDMA transmission
· Category 2 and 3 downlink control information is multiplexed into the UE-dependent scheduled RB, providing larger gain than CDMA
· The relation between the index of the uplink shared data channel and the index of CDMA radio resource at the given OFDM symbol for corresponding uplink-related L1/L2 control signals is pre-determined
· CDMA-TDM-scheme 3 (Figure 24)

· Similar to the schemes in Figs. 15, 18, and 21, no merit of localized FDM transmission is gained from the CDM in Fig. 22 for uplink-related control information
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Figure 22 – CDMA-CDM-scheme 1
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Figure 23 – CDMA-CDM-scheme 2
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Figure 24 – CDMA-CDM-scheme 3

4. Considerations and Conclusions
· The TDM based multiplexing between downlink-related and uplink-related control information, i.e., into the different OFDM symbols is inefficient from the viewpoint of power sharing ( we don’t prefer Figs. 10, 11, 12, and Figs. 22, 23, 24.
· In the combination of CDM and FDM, CDM should be used for multiplexing of different UEs and FDM should be used for different control information of the same UE ( Figures 13 and 14 are preferred rather than Figs. 7 and 8. Figures 16 and 17 are preferred rather than Figs. 1 and 2
· CDMA for different UEs is advantageous from the viewpoint of suppression for fluctuation between transmission powers when individual transmission power control is used ( Meanwhile, in the CDMA based multiplexing of among different UEs, the inter-code interference impairs achievable performance. Therefore, the application of CDMA should be decided from the trade off relation between the gain to reduce the fluctuations among transmission powers with different transmission power levels and degradation due to inter-code interference among multiplexed codes. 
· FDMA for multiplexing different UEs is advantageous to achieve orthogonality among UEs ( Further comparison between FDMA and CDMA for multiplexing different UEs is necessary
· When downlink category 2 and 3 control information is multiplexed in the assigned RB, larger gain is obtained than distributed FDM and CDM transmissions ( further investigation of the multiplexing for downlink category 2 and 3 control information is necessary

· The relation between radio resource index of uplink-related control information and the index of corresponding uplink shared data channel should be pre-determined in order to avoid UE ID
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