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1
Introduction

In RAN1#67, the following was agreed about reference signals used for ePDCCH:
· “Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.”


At the same time, multiplexing between PDSCH and ePDCCH continues to be discussed [1], the main candidate being FDM multiplexing. FDM would require splitting the PRB pair further such that multiple ePDCCHs can be multiplexed within one PRB pair [2]. In this contribution we assume FDM multiplexing between PDSCH and ePDCCH, and address the association between DM-RS and ePDCCHs within one PRB pair. In the companion contribution [2] we have addressed the schemes for multiplexing the ePDCCHs within one PRB pair.
2
DM-RS allocation schemes
Multiplexing of multiple ePDCCHs within one PRB is needed in order to allow efficient allocation of the physical resources. In this contribution, it is assumed that one PRB pair is split into three parts, each part carrying one eCCE. One or multiple eCCEs carry the ePDCCH message, depending on the aggregation level. This functionality is similar to the resource allocation of Release-8 PDCCH via CCE aggregation. It should be noted that the split of one PRB pair into three parts is just one option; the question of ePDCCH multiplexing is still open and as discussed in [2], the split could be also done into four parts. However, the three-piece split allows for a fair comparison between the different schemes of DM-RS association for ePDCCH.
As discussed earlier in e.g. [3], [4], each eCCE within one PRB pair may target a different UE and it is necessary to associate each eCCE with unique DM-RS resources, in order to allow for individual precoding of the ePDCCHs targeted to different UEs. It has been proposed in [3] that the Release-10 DM-RS pattern is re-used, and each eCCE within one PRB pair is associated with a DM-RS for antenna port 7, 8, 9 or 10. An alternative proposal is given in [4] where the DM-RS pattern itself is split in frequency domain, and the parts of the DM-RS pattern are matched to the eCCE REs of the same subcarrier range. In this contribution, these two methods of DM-RS resource association are discussed and compared via link-level simulations.
For the first alternative, full 24 REs are reserved for DM-RS and one full antenna port is associated with each of the eCCEs. The DM-RS are orthogonal via hybrid CDM/FDM multiplexing with cover code length 2 as specified for Release-10. The eCCEs are separated via pure FDM multiplexing, in this case by splitting the PRB pair into three parts. An example illustration for this kind of resource arrangement is given in Figure 1. Here all REs corresponding to one of antenna ports 7-10 may be utilized for channel estimation.
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Figure 1: ePDCCH and DM-RS mapping with a full pattern.
It should be noted that in full pattern approach, only 12 REs carry the DM-RS for one antenna port, because of the FDM component of the pattern. However, still 24 REs need to be allocated, so that up to three antenna ports are supported. This affects the number of available REs for one eCCE, and is taken into account in the simulations.
It should be further noted that the only three DM-RS ports are actually needed with the assumed eCCE split. This, however, does not lead to inefficient use of the DM-RS power, as the hybrid CDM/FDM multiplexing allows transparent power sharing between the antenna ports. In the simulations, it is assumed that DM-RS for one eCCE are transmitted with 2/3-power compared to the eCCE power level. Should all the 3 eCCEs be allocated in one PRB pair, the combined DM-RS power matches the ePDCCH power level, and no under-utilization or over-utilization of transmission power occurs.
The second alternative for DM-RS association is based on splitting the 12 RE DM-RS pattern into three parts. This way each eCCE gets four dedicated DM-RS REs. The reference signal overhead is smaller in this case, compared to the full pattern approach. On the other hand, it is not possible to track the channel response in frequency direction, as the DM-RS are transmitted only on a single subcarrier. This type of resource allocation is illustrated in Figure 2. 
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Figure 2: ePDCCH and DM-RS mapping with a partial pattern.
Both DM-RS allocation schemes enable individual precoding of the ePDCCH REs and enable efficient allocation of the DM-RS transmission power. However, some BLER performance differences are expected between the schemes, as there are differences in the effective coding rates and in the channel estimation quality.

The full pattern approach enables the re-use of Release-10 DM-RS channel estimators, including filtering over the whole PRB pair (or over multiple PRB pairs, should PRB bundling be used). The DM-RS pattern allows detailed tracking of the channel response both in time and frequency domain, leading to a relatively high number of DM-RS samples for each antenna port (or eCCE), which also enables more efficient noise suppression with the channel estimation filter. However, the 24 RE overhead causes higher effective coding rates, which will degrade the robustness of the ePDCCH channel coding.
The partial pattern approach has lower DM-RS overhead, but has also lower channel estimation quality. In addition, a new channel estimation filter is needed, as the number of input samples is different compared to the DM-RS patterns, specified for Release-10. However, if one PRB pair contains multiple eCCEs targeted for a single user, all the DM-RS samples could be filtered with a common filter. Still, this would require multiple filters, covering all the eCCE allocation combinations within one PRB pair. Clearly this would increase the UE channel estimation complexity.
2.1
Simulation results
A link-level simulation was carried out to compare the two DM-RS allocation schemes. Aggregation levels 1, 2, 4 and 8 were simulated with both the schemes. The eCCE aggregation was done by allocating adjacent PRB pairs. Only the middle eCCE of each PRB pair was used, therefore the number of allocated PRB pairs matches directly with the aggregation level. Frequency-domain scheduling was not used in the PRB allocation. 2-Tx closed-loop precoding with a wideband PMI was utilized for precoding. More detailed description of the simulation assumptions can be found from Appendix A.
The BLER performance for each aggregation level is shown in Figure 3. The full pattern approach is shown with solid lines, whereas the partial pattern approach is shown with dashed lines.
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Figure 3: BLER for aggregation levels {1, 2, 4, 8}.
It is seen in Figure 3 that the BLER performance of the full pattern approach is either better or equal to the partial pattern approach. The performance gain increases at the higher aggregation levels, where the operating SNR is low, and the more robust channel estimator is beneficial. In addition, a high aggregation level hides the effect of the DM-RS overhead, as the difference in effective coding rates becomes less significant.
Observation:

· Using the full Release-10 DM-RS pattern and associating an antenna port to each eCCE provides better ePDCCH link performance compared to using a partial DM-RS pattern.

3
Issues related to DM-RS port to ePDCCH association
In [4], a power issue related to association of DM-RS to ePDCCH was raised: Consider as an example four eCCEs per PRB pair, with one of antenna ports 7-10 associated with each eCCE. Typically if all eCCEs are used, the DM-RS EPRE would be 1/2 compared to the corresponding ePDCCH EPRE. However, if only for example one eCCE is actually scheduled, in principle the DM-RS EPRE could be made equal to ePDCCH EPRE. In this case there would be uncertainty at the UE side about the DMRS-ePDCCH EPRE ratio, introducing difficulties with high-order modulations.

High-order modulations may not be necessary for ePDCCH, hence from that point of view we do not really see a big problem currently. However, proper amplitude information is also needed for MMSE-IRC reception even in case of QPSK modulations. Luckily, the easy solution is to make DMRS-ePDCCH EPRE ratio fixed, independently of number of scheduled eCCEs. This requires that the DMRS-ePDCCH EPRE ratio is specified. 
There is also another problem related to MMSE-IRC reception and usage of CDM-based antenna port multiplexing: For example, when eCCE1 and eCCE2 are frequency-multiplexed and corresponding antenna ports are 7 and 8, the interference covariance reflected on antenna ports 7 and 8 is mismatched compared to the interference covariance experienced on the eCCEs. This is illustrated in Figure 4. As seen from the figure, the interference estimated from antenna port 7 also reflects interference from antenna port 8 due to CDM multiplexing of the ports. However, such interference is not present on the corresponding eCCE, hence interference is mismatched degrading MMSE-IRC performance.
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Figure 4. Illustration of the interference estimation problem with DM-RS to ePDCCH association.
Considering that RAN4 is currently working on enhanced receivers, in particular MMSE-IRC type of receivers, enabling proper MMSE-IRC support for ePDCCH should be ensured from the start.
Observation:
· Variant EPRE ratio between DM-RS and ePDCCH as well as mismatched interference between DM-RS and ePDCCH may cause problems with MMSE-IRC reception.

4
Conclusions

In this contribution we have discussed the association between DM-RS and ePDCCH multiplexed within one PRB pair. Based on our simulation results and discussion, we have the following proposals and observations:
Proposals:
· Each eCCE within a PRB pair is associated with one of the antenna ports 7-10.
· UE can utilize all DM-RS REs associated with the antenna port. 
Observation:

· Variant EPRE ratio between DM-RS and ePDCCH as well as mismatched interference between DM-RS and ePDCCH may cause problems with MMSE-IRC reception.
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Appendix A – Simulation assumptions

Table 1: Simulation assumptions.
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, ULA, 0.5λ spacing

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	ePDCCH configuration
	Localized PRB allocation, no frequency domain scheduling

	Transmission scheme
	Closed-loop spatial multiplexing (CL-MIMO)

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	5 ms

	PMI reporting periodicity
	10 ms

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE sizes
	· Full pattern mapping: 41 REs

· Partial pattern mapping: 45 REs

	DCI format and payload
	DCI 1A: 27 + 16CRC bits

	Number of allocated PRBs
	Aggregation levels {1,2,4,8}: {1,2,4,8} PRBs

	CSI-RS configuration
	2-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	· Full pattern mapping: Rel-10 DM-RS pattern for rank-1, 2/3-power allocation
· Partial pattern mapping: 4 RE DM-RS pattern

	Channel estimation algorithm
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation, no PRB-bundling
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