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1. Introduction
In RAN1 session #68 bis, it’s recommended to provide simulation results for one or multiple AP(s) per ePDCCH transmission for further discussion in RAN1 session #69 meeting.

In this paper, we provide performance comparison under different DRS resource configurations for distributed ePDCCH and views on related issues. 


2. Discussion

For the detection of ePDCCH, the DRS configuration should be signalled to the UE via higher layer, or derived by the UE based on a predefined rule or a combination of two, which is quite different from PDSCH, where the DRS configuration is given in the corresponding DCI. For ePDCCH, without the information of DRS configuration, the complexity of blind detection will increase because the UE has to perform the blind decoding with different numbers of antenna ports so as to obtain correct information of utilized antenna ports. 
Take the distributed ePDCCH as an example, it’s reasonable that all UEs share the same DRS port if random beamforming is applied. However, there are several options to configure the DRS resources. 
Alternative 1: Always rate match around 4 DRS ports and the DRS REs for port 7~10 are transmitted.
Alternative 2: Always rate match around 4 DRS ports with muting on the non-configued DRS ports and power-boosting on the configured DRS ports. 
Alternative 3: Rate match around the configured DRS ports and REs reserved for non-configured DRS ports can be used for ePDCCH transmission. 

Assumming only port 7 is used in random beamforming transmission for distributed ePDCCH, resources are wasted in Alt.1, compared with Alt. 3. For the latter, additional coding gain could be obtained.  Considering Alt. 2, better channel estimation can be achieved as the power of DRS port 7 is boosted by 3dB, though there is resource waste. 
The performance of three alternatives are compared in the following section. 


3. Link level simulation 
3.1 Simulation Assumptions

In the simulation, 4 eCCEs are assumed per PRB and each eCCE is partitioned into 4 eREGs. Further, random beamforming is applied for distributed ePDCCH and DRS port 7 is used for demodulation. The simulation assumptions are listed in Table 1. 
Table 1    Simulation assumptions

	Parameters
	Value

	System Bandwidth
	10MHz

	Legacy PDCCH length
	2 OFDM symbols

	Channel model
	ETU 3km/h

	Antenna configuration
	2×2

	DCI format
	Format 2 (31bits+16CRC)

	Precoding matrix
	R-10 Codebook


3.2  Simulation Results

Figure 1 compares the performance of three alternatives with different aggregation levels. From the simulation results, it could be found that Alt. 3 outperforms Alt. 1 and the performance gap is about 0.7 dB. The performance gap comes from lower coding rate in Alt. 3.  Also, Alt. 2 outperforms Alt. 1 by 0.2~0.7 dB. The performance gap comes from better channel estimation accuracy due to power boosting on DRS ports. 

Alt. 2 and Alt. 3 have similar performance. However, for lower aggregation level ( 2-AL), the performance of Alt. 2 is a little bit worse. In higher aggregation level (4-AL and 8-AL), Alt. 3 outperforms Alt. 2 by limited gain. 
One potential issue in Alt. 2 is the interference to neighbouring cells on DRS port 7 since the DRS power of port 7 is boosted by 3 dB. In addition, it requires the power-boosting information for ePDCCH demodulation if higher modulation order is considered in Alt. 2. Resource waste is another concern in Alt. 1 and 2, but the RE mapping rule is quite simple in Alt. 1 and 2. For Alt. 3, no power-boosting information is needed even if higher order modulation is considered but the RE mapping rule is a bit more complicated, compared to Alt. 1 and 2.
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Figure 1  Performance comparison under different design alternatives
From the simulation results, the following observations could be drawn.
Observation  #1: Alt. 2 and Alt. 3 outperform Alt. 1 in all of aggregation levels.
Observation  #2: Alt. 2 and Alt. 3 have similar performance and Alt. 3 outperforms Alt. 2 in lower aggregation level.

4. Conclusion

This paper compares the performance of ePDCCH using single and multiple DRS antenna ports. Three alternatives are considered for distributed ePDCCH with random beamforming as transmit diversity scheme. From observations in section 3, the following proposal is concluded.
Proposal  #1:  Either always rate matching around four DRS antenna ports with power-boosting on utilized DRS antenna ports or rate matching around the utilized DRS antenna ports only can be adopted for ePDCCH design. Which method to be adopted can be discussed further.















