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1 Introduction
In RAN1#67, FDM approach was proposed for PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe [1]. This document discusses multiplexing between ePDCCH and PDSCH. In section 2.1, we compare FDM approach and FDM+TDM approach. In section 2.2, we discuss issue on multiplexing between ePDCCH and PDSCH within one PRB pair. In section 2.3, we discuss spatial multiplexing. 
2 Discussion

2.1 FDM approach vs. FDM+TDM approach
We compared FDM approach and FDM+TDM approach as table 1. To support beamforming with UE specific RS, UE specific RSs on both slots should be used for ePDCCH demodulation. We think the support of an FDM+TDM approach like using only one slot should be avoided since such an approach is not effective for flexible power allocation for ePDCCH and PDSCH, frequency-domain ICIC and demodulation of ePDCCH. 
For decoding delay, it should be noted, in case when the DM-RS of the last OFDM symbols are also used for PDSCH demodulation, the PDSCH decoding can not be started until the last OFDM symbol is received [4] Therefore, the only PDSCH decoding delay difference between no early ePDCCH decoding (FDM approach) and early ePDCCH decoding (FDM+TDM approach) is the Viterbi decoding time, which is quite short. We do not see this as a substantial difference and therefore as a negligible advantage of the FDM+TDM approach. 

If one argues the PDSCH decoding delay is the issue e.g. for timely ACK/NACK feedback, a better method than TDM+FDM would be to reduce the maximum DL data rate for certain large TA values. For example, if the TA value is more than 80% of the maximum value (i.e. corresponds to a distance of 80 km between eNB and UE), the maximum DL data rate is reduced to around 80% of UE's capability when ePDCCH is configured. As a very high data rate would not usually be used in a larger propagation delay condition, the restriction for the system operation would not be so large in such a case. But it is able to reduce the required time for PDSCH turbo decoding, leaving sufficient time for the UE to complete the HARQ-ACK procedure in time.
Table 1: Comparison between FDM approach vs. FDM+TDM approach
	
	FDM approach
	FDM+TDM approach

	Resource allocation
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	Power resource
	Flexible power resource allocation
	Power resource is wasted when ePDCCH is boosted and PDSCH is not boosted.

	Demodulation of ePDCCH
	UE specific RSs on both slots can be used
	UE specific RSs on only one slot should be used

	ICIC
	Simple and efficient inter-cell interference coordination with PRB pair/RBG granularity.
	

	Decoding delay
	ePDCCH decoding can not be started until the last OFDM symbol is received
	Early decoding for DL assignment 


2.2 Multiplexing ePDCCH and PDSCH within one PRB pair
Whether ePDCCH and PDSCH can be multiplexed within a PRB pair is one of discussion points to be decided. 
Our proposal is that ePDCCH and PDSCH are not multiplexed within a PRB pair.
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Figure 1 multiplexing within one PRB pair

Although we proposed FDM+TDM approach should be avoided in Section 2.1, irrespective of FDM, Interleaving, or FDM+TDM approach, one PRB pair should be possible to contain multiple ePDDCHs or multiple parts of ePDCCH because the number of available REs in a PRB pair is too large for containing only single ePDCCH, i.e, two or four eCCEs (new CCE for ePDCCH) consist of one PRB pair [2]. Assuming ePDCCH is not allocated all eCCEs in a PRB pair, one or some eCCEs of the PRB pair become vacant. Therefore, UE is required to know which part is used for eCCE(s) and which part is not used for eCCE(s) in a PRB pair correctly as show in Fig. 1. This issue is common regardless of FDM or FDM+TDM approach. If we allow to multiplex PDSCH and ePDCCH within a PRB pair, the solution to solve the issue becomes more complex.

Case 1: target UE is different between PDSCH and ePDCCH within a PRB pair
In order to indicate the PDSCH usable area (vacant area) dynamically, additional bits are necessary on DL DCI format. 

Case 2: target UE is the same between PDSCH and ePDCCH within a PRB pair
Implicit allocation rule similar to R-PDCCH might be supported. However, additional complex issue(s) is further caused as described hereafter.

In Relay operation with R-PDCCH, “If the relay node receives a resource allocation which overlaps a PRB pair in which a downlink assignment is detected in the first slot, the relay node shall assume that there is PDSCH transmission for it in the second slot of that PRB pair”[3]. Therefore, only 2nd slot of PRB pair can be implicitly allocated to PDSCH. Similar implicit allocation scheme is one possibility for ePDCCH with different multiplexing, i.e. “If the UE receives a resource allocation which overlaps a PRB pair in which a downlink assignment is detected, the UE shall assume that there is PDSCH transmission for it in the area without downlink assignment that PRB pair”.
This implicit allocation scheme has an issue on type 0 allocation (RBG allocation). In type 0 allocation, PRB pairs in a RBG are allocated by one resource allocation bit. When there is DL assignment on a PRB pair, UE assumes the resource allocation bit for the RBG allocate the area without DL assignment of the PRB pair and vacant PRB pairs in the same RBG which is not used for DL assignment as shown in Figure 2(a). This allocation rule is applied regardless of UL grant detection. Therefore, when DL assignment and UL grant are allocated on a PRB pair, the vacant PRB pairs in the RBG can not be allocated for PDSCH as shown in Figure 2(b). Consequently, the vacant PRB pairs are wasted. The vacant area of PRB pair with DL assignment and vacant PRB pair can not be allocated separately by 1 resource allocation bit.
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Figure 2  The issue on type 0 allocation
In addition, in case one ePDCCH utilizes all OFDM symbols like FDM allocation, the power resource of un-used REs is fully utilized by power boosting of ePDCCH and/or PDSCH. Then, it is not necessary to optimize small un-used REs. 
From the above discussion, we conclude that ePDCCH and PDSCH should not be multiplexed in PRB pair to avoid complicated allocation/indication of PDSCH and ePDCCH, regardless of whether the same or different UEs are addressed.
2.3 Spatial multiplexing between ePDCCH and PDSCH
There is no specific need to explicitly prohibit spatial multiplexing between ePDCCH and PDSCH for UE(s). But note that spatial multiplexing between ePDCCH and PDSCH limits the rank of PDSCH transmission since the rank of PDSCH transmission is common in all allocated PRB pairs within a UE.

3 Summary

This contribution discussed multiplexing between ePDCCH and PDSCH. Based on the discussion, the following proposals are made:
· ePDCCH and PDSCH shall be mapped to different PRB pairs (FDM approach)
· If PDSCH decoding time is a concern for the HARQ feedback timing, a reduction of the maximum data rate as a function of the timing advance should be studied
· Spatial multiplexing between ePDCCH and PDSCH can be supported
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