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1 Introduction
This contribution presents link level distributed mapping evaluations for different E-PDCCH mappings. For multiplexing of DL assignment/PDSCH and multiplexing of DL assignment/UL grant, FDM mapping and FDM+TDM mapping are discussed [1] [2]. A FDM+TDM mapping is proposed to support early decoding of DL assignments which are located on early OFDM symbols. Therefore, a DL assignment is demodulated by DMRSs in the 1st slot only. However, in case when the DMRSs of the last OFDM symbols in 2nd slot are also used for PDSCH demodulation, the PDSCH decoding can not be started until the last OFDM symbol has been received. Hence, the remaining processing time difference between FDM mapping (no early decoding) and TDM+FDM mapping (early decoding) is the E-PDCCH FEC Viterbi decoding time [2]. 

In this document, we compare the BLER of FDM mapping and FDM+TDM mapping for DL assignments with distributed mapping. In case of FDM mapping, the DL assignment is demodulated by DMRSs in both slots. In case of FDM+TDM mapping, the DL assignment is demodulated by DMRSs in 1st slot only. 

2 Link level simulations

2.1 Assumptions/Methodology
The assumptions for DL assignment simulations are listed in Table 1. Further simulation assumptions are given in Appendix.
Table 1 Simulation assumptions
	Parameter
	Assumption/Value

	CCE
	1CCE = 30REs

	DL assignment mapping
(1 CCE)
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	Aggregation level and allocated RBs
	Aggregation level 1  (1 CCE):   RB #0 (not distributed)

Aggregation level 2  (2 CCE):   RB #0 + #49

Aggregation level 4  (4 CCE):   RB #0 + #16 + #32 + #48

	Channel estimation
	Real channel estimation per RB pair

FDM mapping: DMRS in 1st slot and 2nd slot in a RB pair are used.

FDM+TDM mapping: Only the DMRS in the 1st slot are used to enable early decoding.


2.2 Simulation Results
We compare the BLER of DL assignments for FDM mapping and FDM+TDM mapping with antenna configurations of 2x2 and 4x2. The gain of FDM mapping over TDM+FDM mapping for 4CCEs cases is 0.7dB in 3km/h and 0.6dB in 30km in both ETU 2x2 and SCM B 2x2 at 1 % BLER. This gain comes from the usage of the DMRSs in both of slots for the FDM mapping, which results in a more accurate channel estimation.

The gain of FDM mapping of 2CCEs is smaller than it of 4CCEs in case of ETU. This is because frequency diversity gain where the REs are distributed over 6 subcarriers in FDM+TDM mapping compared to 3 subcarriers in FDM mapping For 4CCEs, since 4PRB pairs are allocated, such type of frequency diversity gain in FDM+TDM mapping is not observed but rather channel estimation improvement in FDM mapping is obtained. 
In these simulations, REs used for E-PDCCH are not distributed within a PRB pair as shown simulation assumption. In order to equalize the channel reliability among multiple E-PDCCHs within a PRB pair, some kind of frequency/time interleaved mapping within a PRB pair could be useful.
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Figure 1  BLER on FDM mapping and FDM+TDM mapping, 4x2 ETU model
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Figure 2  BLER on FDM mapping and FDM+TDM mapping, 2x2 ETU model
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Figure 3  BLER on FDM mapping and FDM+TDM mapping, 4x2 SCM-B model
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Figure 4  BLER on FDM mapping and FDM+TDM mapping, 2x2 SCM-B model
3 Summary

From the link level evaluations on FDM mapping and FDM+TDM mapping provides in this contribution we observe the following:

· The gain of FDM mapping over FDM+TDM mapping for 4CCEs cases is 0.7dB in 3km/h and 0.6dB in 30km in both ETU 2x2 and SCM B 2x2 at 1 % BLER.
· From the decoding delay discussion mentioned in [2], we don't see a substantial difference and, therefore, only a negligible advantage of the TDM+FDM mapping. The only remaining processing time difference between no early decoding (FDM mapping) and early decoding (TDM+FDM mapping) is the E-PDCCH FEC Viterbi decoding time. 

We propose to map DL assignments across all OFDM symbols in a RB pair allowing to use DMRSs in both slots for demodulation.
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Appendix
	Parameter
	Assumption/Value

	Channel model
	ETU (3km/h, 30km), SCM-B[3](3km/h, 30km)

	Antenna Configurations
	2x2, 4x2       TM 9  single antenna port (port 7)

For SCM-B 2x2, one column of cross-polarized antenna 

	DCI format
	2C (58 bit payload including CRC)

	SNR on x-axis
	average SNR in aggregated RBs  over the simulation run time

	System BW
	10 MHz

	Carrier Frequency
	2.0 GHz

	Modulation
	QPSK
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