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1. Introduction
In the last RAN1#45 meeting in Shanghai, the multiplexing method for the downlink L1/L2 control channel with a shared data channel was discussed. There are two candidates: time domain multiplexing (TDM) [1]-[3] and frequency domain multiplexing (FDM) [4]. The merit of TDM based multiplexing is the possibility of a power savings using the micro-sleep mode and a short processing delay. The merit of the FDM is the applicability of the power balancing between the L1/L2 control channel and the shared data channel to increase the coverage. The multiplexing method for the downlink L1/L2 control channel strongly affects the design of the other physical channel such as the reference signal. Therefore, this paper presents the comparison between the TDM and FDM multiplexing methods for the downlink L1/L2 control channel.
2. Multiplexing Method for L1/L2 Control Channel: TDM and FDM

As described in [5], there are two possible candidates for the multiplexing method for the downlink L1/L2 control channel with a shared data channel: TDM and FDM as shown in Fig. 1.
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Figure 1 – TDM and FDM multiplexing

Table 1 gives a comparison between TDM and FDM from the viewpoints of the possibility of a power savings using the micro-sleep mode, the processing delay, and a method for increasing the coverage.
From the viewpoint of the possibility of a power savings using the micro-sleep mode, obviously TDM is more advantageous than FDM [2],[6],[7]. Compared to FDM, TDM can reduce the processing delay due to the reception and demodulation time for the L1/L2 control channel. Therefore, from the merits of power savings effect and short processing delay, TDM structure is better than FDM one.

From the viewpoint of increasing the coverage using the given transmission power of a Node B, FDM can allow for power balancing between coded data symbols, reference symbols, and the L1/L2 control channel, which may improve coverage as shown in Fig. 2. In this case, for user equipments (UEs) near the cell edge, a more power can be allocated on L1/L2 control information symbols by reducing the transmission power of data symbols at the cost of decreased throughput.
Table 1 – Comparison between TDM and FDM
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Figure 2 – Power balancing for coverage enhancement

However, as indicated below, it should be noted that there are following methods to improve the coverage that are applicable both to TDM and FDM.

· Longer transmission time interval (TTI)
· By repeating the same L1/L2 control information every sub-frame within the TTI, the coverage of the L1/L2 control channel can be improved.

· The merit is a small overhead and the demerit is an increased delay

· Lower coding rate including larger repetition factor

· By decreasing the coding rate (increasing the repetition factor), the coverage of the L1/L2 control channel can be improved.

· The same effect is obtained as in power balancing

· The merit is a short delay and the demerit is decreased throughput

· Decreasing the number of simultaneously scheduled UEs
· Since the required total transmission signal energy of the L1/L2 control channel is basically proportional to the number of simultaneously scheduled UEs, we can increase the coverage of the L1/L2 control channel by decreasing the number of simultaneously scheduled users

· The achievable throughput will almost be the same as that for power balancing, and a lower coding rate including a larger repetition factor 
· However, the delay is increased compared to power balancing and a lower coding rate including larger repetition factor
· Beam-forming

· Beam-forming or pre-coding using multiple transmitter antenna at Node B is powerful method for increasing the coverage and it achieves the same effect in TDM and FDM cases
As mentioned earlier, among these methods to increase the coverage, a lower coding rate including a larger repetition factor is applicable to TDM, which is fundamentally the same as that for power balancing in FDM. The Lower coding rate method in TDM need additional signaling for informing transport format of the L1/L2 control channel. Moreover, power balancing in FDM also needs transmission power indicator, i.e., the transmission power ratio of reference signal (pilot symbol) and coded data symbols for demodulating a QAM modulated data signal, although blind estimation is possible (estimation accuracy is FFS). 

It should be also mentioned that a lower coding rate for the L1/L2 control channel requires the change in the transport format of the shared data channel since the number of symbols available to the shared data channel is changed according to the coding rate of the L1/L2 control channel. This brings about some degree of complexity at the UE receiver. However, the number of symbols available to the shared data channel is also changed according to the number of scheduled UEs since the number of symbols for the L1/L2 control channel is dependent on the number of scheduled UEs both for TDM and FDM. Therefore, the control of the transport format for the shared data channel according to the configuration of the L1/L2 control channel is required for both for TDM and FDM. The required time interval of this control for TDM and FDM and the impact of that on the UE complexity is FFS.

In the following section, we demonstrate that TDM with a lower coding rate for the L1/L2 control channel can achieve almost the same coverage as that using FDM with power balancing.
3. Comparison of TDM and FDM from the Viewpoint of Coverage
We preliminary compared the achievable coverage of TDM and FDM from the viewpoint of the user throughput at the cell edge. The simulation parameters are listed in Table 2. The assumptions in the simulation are given below.

· We assume a 19-cell configuration with 3 sectors at each cell site as described in [8].
· We assume a distance dependent path loss and shadowing variation is taken into account, while instantaneous fading is not taken into account.

· We assume all the scheduled UEs are at the cell boundary, i.e. the received signal-to-interference plus noise power ratio (SINR) value of all scheduled UEs is 5% value of the cumulative distribution of received SINR.

· We assume the number of control information bits per UE is 58 bits [9]. We assumed QPSK modulation and the channel coding rate of 1/3 for the L1/L2 control channel. The target packet error rate of the L1/L2 control channel is set to 10-2.

· According to the inter-site distance (ISD), we calculated the average received SINR at the cell-edge.

· In TDM, according to the difference between the target SINR of L1/L2 control channel and the average received SINR at the cell-edge, the required repetition factor for the L1/L2 control channel is calculated. Meanwhile, in FDM, according to that difference, the required transmission power of the L1/L2 control channel is calculated.
· Then, for TDM, the number of symbols used for the shared data channel is calculated from the number of symbols used for the L1/L2 control channel. In FDM, the SINR of the shared data channel is calculated from the transmission power of the L1/L2 control channel.

· Finally, the throughput of the shared data channel is estimated using Shannon formula.
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where,  of 4 dB is the degradation factor [10], SINR is the average received SINR of shared data channel, Ndata is the number of symbols for the shared data channel, and T is the sub-frame duration of 0.5 msec.
Table 2 – Simulation parameters
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Figure 3 shows the total user throughput performance as a function of the ISD. The number of simultaneously scheduled UEs is parameterized. The penetration loss, Lp, of 0 dB and 20 dB are evaluated. Figure 3 shows that the achievable user throughput of TDM and FDM is almost same, although when the ISD is small (in a bandwidth limited situation), the throughput of TDM is slightly degraded compared to that using FDM due to the fewer number of symbols for the shared data channel. Therefore, we think that the achievable coverage of TDM is comparable to FDM.
Furthermore, from this figure, when the ISD is large, it is very beneficial to decrease the number of simultaneously scheduled UEs to reduce the control signaling overhead when we can allow additional latency. The same effect is expected by using variable TTI operation.
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Figure 3 – User throughput as a function of ISD
4. Conclusion 
TDM-based multiplexing of the downlink L1/L2 control channel with a shared data channel is very advantageous compared to FDM-based multiplexing from the viewpoint of possible power saving effect by micro-sleep mode and short latency. Meanwhile, the coverage of L1/L2 control channel with TDM is quite comparable to that with FDM. Therefore, we recommend adopting TDM-based multiplexing of the downlink L1/L2 control channel for E-UTRA.
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