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1 Introduction

At the RAN1#66bis meeting, it was agreed that the link level performance of E-PDCCH needs to be clarified; consequently, the simulation assumptions for the E-PDCCH evaluation were discussed [1]. In this contribution, the upper boundary of the link level performance for the E-PDCCH is shown, and the required number of PRB pairs for the E-PDCCH region is estimated based on the results of the link level simulation.
2 Link level simulation of E-PDCCH

2.1 Simulation parameters
Table 1 shows the simulation parameters used in our evaluation. These parameters are based on the results of the discussion at RAN1#66bis [1]. System bandwidth was set to 10 MHz, and the antenna configurations were 2 x 2 and 4 x 2, it was assumed that there was no antenna correlation. In this evaluation, DCI (downlink control information) format 2C was used, and this DCI was assigned to one or several PRB pairs. Rel-10 compliant codebooks were used, and the wideband PMI (precoding matrix indicator) was fed back from UE to eNB every sub-frame with a specific feedback delay.

The main target of this contribution is to determine the upper boundary of the link level performance for the E-PDCCH. Therefore, the following conditions were applied:

· Channel estimation : Perfect
· CQI feedback : RB-based
· CSI feedback delay : 4 ms

Table 1: Simulation parameters
[image: image1.emf]System Bandwidth 10MHz (50RB)

Number of subcarriers 600

Number of OFDM symbols for PDCCH 3

Transmitter / Receiver antenna configuration 2x2 and 4x2

DCI format  DCI format 2C

Number of bits for DCI 42bits

Number of PRB pairs for E-PDCCH 1,2,3 and 4

Carrier Frequency 2GHz

Maximum Doppler frequency 5.55Hz

Channel model ETU (uncorrelated)

Channel estimation Perfect

CSI feedback PMI : wideband / CQI : RB-based

CSI feedback delay 4ms


2.2 Link level simulation results for E-PDCCH
  Figure 1 shows the simulation results from changing the number of PRB pairs. The number of PRB pairs used in this simulation was 1, 2, 3 and 4, which equals the number of REs of 132, 264, 396 and 528, respectively. As described in the previous section, CQI was fed back per a PRB pairs, and eNB could select PRB pairs that have the highest CQI. In order to clarify the effectiveness of beam forming, we evaluated several methods of selecting the PM (precoding matrix).

· SNR based selection: PM that maximizes the received SNR is selected at the UE side.

· Random selection: PM is selected randomly.

· Static selection: Same PM (=Index #0) is used constantly.
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(a) Antenna configuration: 2 x 2                                   (b) Antenna configuration: 4 x 2

Figure 1  BLER Performance versus the number of PRB pairs
   As these figures show, on both antenna configurations (2 x 2 and 4 x 2), the performance of average BLER improves as the number of PRB pairs increases due to the increase in the frequency diversity gain. Regarding the methods of selecting the PM, the method of selecting the PM in order to maximize the received SNR achieves the best BLER performance. Meanwhile, the differences in BLER performances between several methods become obvious when the antenna configuration is set to 4 x 2. The reason of this is the candidates for the PMs increases as the number of Tx antenna increases. Here, in this evaluation, the uncorrelated antenna configuration was applied, and the evaluation under the correlated antenna configuration, such as SCM-B or SCM-E, will be needed for further study.
Observation 1: The method of selecting the PM in order to maximize the received SNR achieves the better performance compared with that of selecting the PM constantly and randomly, especially for the number of Tx antennas is large.
Observation 2: A performance evaluation under a correlated antenna configuration will be needed for further study.
2.3 Required number of PRB pairs for E-PDCCH region
Based on the results of the link level simulation, we estimated the required number of PRB pairs for the E-PDCCH region in order to maintain the same capacity as the legacy PDCCH. In [2], the minimum requirement for legacy PDCCH is defined and the required SNR in order to obtain the BLER = 1% when the number of Tx antennas is one with 8 CCEs is -1.7 dB. If the number of Tx antenna becomes two, the achievable gain by maximal ratio combining (MRC) is up to 3 dB. Therefore, we estimated that the minimum required SNR when the number of Tx antennas was two with 8 CCEs became -4.7 dB. It means that 8 CCEs are necessary in order to achieve SNR = -4.7 dB. On the other hand, regarding the E-PDCCH, the required number of PRB pairs in order to achieve SNR = -4.7 dB is four based on the simulation results shown in Fig. 1 (a). 
Meanwhile, if all UEs need 8 CCEs, the maximum number of UEs which can be assigned on legacy PDCCH region at one sub-frame is five because the number of total CCEs at 10 MHz is 42. If same UEs are assigned on the E-PDCCH region, the required number of PRB pairs is 20 (=5 UE x 4 PRB pairs). In this case, 40 % of PDSCH region is occupied by E-PDCCH region and we think this percentage is relatively large. Therefore, along with the introduction of the E-PDCCH region, it is better to consider other approaches to reduce the E-PDCCH resources, such as multiplexing the DCIs of the different UEs on the E-PDCCH region, and enhancing the legacy PDCCH.
Proposal 1: Along with the introduction of the E-PDCCH region, other approaches to reduce the E-PDCCH resource and enhance the legacy PDCCH need to be considered. 
3 Conclusion

In this contribution, the upper boundary of the link level performance for the E-PDCCH was shown, and the required number of PRB pairs for the E-PDCCH region was estimated. The following are the observations and proposal.
Observation 1: The method of selecting the PM in order to maximize the received SNR achieves the better performance compared with that of selecting the PM constantly and randomly, especially for the number of Tx antennas is large.
Observation 2: A performance evaluation under a correlated antenna configuration will be needed for further study.
Proposal 1: Along with the introduction of the E-PDCCH region, other approaches to reduce the E-PDCCH resource and utilize the legacy PDCCH need to be considered. 
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