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1. Introduction

In RAN1 67, it was proposed in a WF [1] that “Multiplexing between PDSCH and an enhanced control channel within a subframe is based on FDM”. However, whether ePDCCH and PDSCH can be multiplexed within a PRB pair has not been decided yet. Since the ePDCCH may not always fill up one PRB pair, the unused REs are wasted if the PDSCH data cannot share the PRB. One may argue that the unused REs can be muted and the unused power can be added to other data REs so that the capacity loss may not linearly increases with the number of unused REs. However, PDSCH power boosting may not help in interference limited scenarios and the capacity loss remains significant. Therefore, the PRB sharing between the control channel and the PDSCH certainly increases the capacity or spectrum efficiency. On the other hand, besides retrieving the wasted REs, there is an overlooked advantage for the ePDCCH and PDSCH to share the PRB. That is, the decoded ePDCCH can be used as pilot for demodulating the PDSCH REs, which coexist with the ePDCCH in the same PRB. This additional benefit can greatly improve the channel estimation accuracy for highly selective channel. Short packet service such as VoIP can benefit especially in high speed.
2.  ePDCCH aided  PDSCH Demodulation
It is well known that allowing ePDCCH and PDSCH share one PRB pair can increase resource efficiency via dynamically sharing the resources between PDSCH and ePDCCH [2]. It should be noticed that, as mentioned in [3], the motivations of ePDCCH design not only include the control channel enhancement on capacity, frequency domain ICIC, beamforming gain and etc., but also the support of some important deployment scenarios such as services with various packet sizes, e.g. VoIP. VoIP is a typical service that has small packet size per subframe. If PDSCH that carrying the VoIP packet and the ePDCCH scheduling the PDSCH can share the same PRB pair, it is likely that all the VoIP payloads are transmitted only in the PRB pairs that carries the scheduling DCI. If the DCI used to schedule VoIP packet is decoded successfully, it is possible for the UE to reuse these decoded DCI signals as reference signal to enhance the channel estimation. Apparently, it improves the channel estimation especially for high speed UEs whose channel estimation suffers from the insufficient density of the reference signal. It is observed in Fig.1 that the channel estimation enhancement delivers more than 1 dB gain, where the decoded DCI is treated as additional reference signal for PDSCH channel estimation. In the simulation, we assume DCI is always successfully decoded in the SINR range and VoIP packet (328bits) is carried by PDSCH using two RBs. The ePDCCH and PDSCH is multiplexed in a FDM fashion in frequency domain within one PRB pair. Detailed simulation assumptions are shown in appendix.
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Fig.1 Performance comparison for different channel estimation schemes (UE-RS only vs. UERS+DCI).
Observation 1): If ePDCCH and PDSCH share in the same PRB pair, the decoded DCI can be reused as reference signal for PDSCH channel estimation. This is beneficial especially for the services with short packets such as VoIP.
3. Conclusion
In this contribution we give an analysis on the benefits of allowing ePDCCH and PDSCH multiplex in the same PRB pair. The gain is apparent especially for multi-type service that will be supported by ePDCCH. Our conclusion is summarized below:
· If ePDCCH and PDSCH share the same PRB pair, the decoded DCI can be used as reference signal for PDSCH channel estimation. This benefits especially for the services with small packet sizes such as VoIP.
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5. Appendix

Table 1 Simulation Assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	Channel Model
	ETU-300Hz

	VoIP packet
	328bits/16QAM/2PRB pairs

	REs for DCI
	36 REs equally distributed in 2 PRB pairs

	CSI Feedback
	Random beamforming

	Receiver Type
	Linear MMSE

	Channel Estimation
	MMSE based on UERS or UERS+DCI


