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1 Introduction
At the RAN WG1 #66bis meeting, the following agreement was concluded:
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized 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

Cases where CRS is not used for demodulation of the enhanced control channel were discussed. In this contribution, we discuss on the reference signal for E-PDCCH design based on the above progress and understanding.
2 DMRS based enhanced PDCCH transmission
2.1 Closed loop transmission scheme based on DMRS
ePDCCH transmission base on DMRS can make full use of CSI to enhance performance. This can gain further over legacy PDCCH.  Single layer beamforming can provide robust ePDCCH transmission and multiple layers transmission can get better performance with good channel condition, However, to support multi-layers can hardly avoid increasing the signaling overhead, which may need to be carried by dynamic signaling. Another issue is UE complexity of blind detection on multiple layers. Those bring difficulties for usage of DMRS design if dynamic adaptation is supported.
Proposal 1: Single layer beamforming should be a starting point for study usage of DMRS.
Because of gains in different cases, for close-loop beamforming, both localized and distributed transmission should be supported [7]. Since distributed mapping need to multiple users into each PRB, different DMRS port should be assigned to different UE. In this case, REs can be grouped and bonding with certain port. An example is shown in [1] as well as figure 1(a).
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Figure 1 Association between resource and DMRS ports when 1 UE only occupy 1 set of resource.
The fixed configuration of the association between resource and DMRS ports is ideal when 1 UE only occupy 1 set of resource. In case a UE occupies more resources in a RB pair, this will leave some DMRS resource wasted. Here we show different association for different resource mapping. FDM case is used as example in figure2 & 3. The saved DMRS resource can be reused for MU-MIMO, or shifted for interference cancellation. Or, it can be directly used for ePDCCH payload. It is also compatible with scheme in figure 1. 
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Figure 2  Association between resource and DMRS ports when 1 UE occupy 2 set of resource.      Figure 3 Association between resource and DMRS ports when UE occupy full set of resource.
Proposal 2: There should be multiple associations between DMRS antenna ports and resource for different mapping methods or resource sizes in a PRB pair.
The major scenario for ePDCCH using MU-MIMO is single cell with distributed RRHs, to support MU-MIMO which we can consider as ICIC in HetNet, configurable quasi-orthogonal DMRS and orthogonal DMRS should be supported for ePDCCH. It is similar to PDSCH using MU-MIMO, one major difference is the configuring signaling of DMRS port(s) is semi-static 
Note that MU-MIMO is more suitable for localized allocation or distributed mapping with low diversity order. We can only consider flexible DMRS port for different UE when these mapping schemes are used
Proposal 3: Configurable DMRS port(s) should be supported for MU-MIMO.
2.2  Open loop transmission scheme based on DMRS
Control channel need to adapt for different scenarios. For case when CSI feedback is not available, open loop transmission scheme (OLTS) will ensure robust transmission. Although terminal can use legacy PDCCH with TxD based on CRS for control signaling, the inter cell interference still need scheme beyond it. For another motivation, in scenario 4, area splitting gain also need new open loop scheme based on DMRS. So, ePDCCH should consider OLTS based on DMRS. The candidates could be SFBC，SFBC+FSTD and OL MIMO.

SFBC requires 2 DMRS ports. For configuration more than 2 physical antennae, if SFBC+FSTD is not supported, 4/8 physical antenna can be virtually configured as 2 DMRS ports.
OL MIMO needs at least 1 port for each UE, which take similar overhead as SFBC. It gives more option for RS interference coordination than SFBC. It also allows using different precoder in one PRB to achieve more diversity gain.

Observation: Compared with SFBC+FSTD, SFBC can reduce RS overhead. OL MIMO can be flexible in using DMRS ports.
For OLTS, there are 2 methods for DMRS allocation: each port is dedicated for 1 UE demodulation, or, port(s) are shared among different UEs [2][3][4][5]. The former method is more suitable for OL MIMO without interleaving. Because of the limitation by number of ports in 1 PRB and the consideration on resource utilization, the diversity order of distributed mapping is hard to be very high. However, this scheme can use same resource definition and mapping as CLTS. It can also allow transparent switching between close-loop and open-loop, without increasing blind detection. The latter method is more suitable for SFBC or SFBC+FSTD with interleaving, and OL MIMO with interleaving can also be support based on shared DMRS. The number of UEs within 1 RB is not limited to the number of ports. This gives no restriction to interleaving. The frequency diversity is obviously higher than the former. But more standard efforts are needed and it results in more unoccupied resources. 
Observation: Each port is dedicated for 1 UE demodulation can allow transparent switching between close-loop and open-loop, transmission based on Group-shared RS can obtain more diversity gain.
Proposal 4: The baseline scheme should target on transparent switching between close-loop and open-loop.
To compare performance of different OLTS based on DMRS ,the payload is assumed as 1 RB/2RBs for a simple way, and search space is a 8RB set(0,7,14,21,28,35,42,49). Payload is mapped to 2 or 4 RBs alternatively from the 8RBs. We compared performance SFBC to OL MIMO, 3 OL MIMO Schemes and SFBC to SFBC+FSTD. Simulation results are shown in Figure5-7. Precoder assignment of OL MIMO schemes are shown in figure 4. 
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         Figure 4 localized/distributed OL MIMO with 1/2 DMRS port
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Figure 5 Link level simulation results for SFBC/OL MIMO ,ETU，Agg-level 1RB, 3km/h，2*2
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Figure 6 Link level simulation results for 1port/2ports OL MIMO ,ETU,Agg-level 2RB,3km/h，2*2
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Figure 7 Link level simulation results for SFBC/SFBC+FSTD ,ETU, ,Agg-level 2RB,120km/h，4*2
From figure 5，we can see SFBC perform better than OL-MIMO when aggregation level is 1RB, the gap is 0.8dB at BLER 0.01. In [10], it observed that the lower aggregation level may enlarge the gap between SFBC and OL MIMO. However, because of CLTS is supported for ePDCCH, OLTS many not necessary to be used with low aggregation level.
OL MIMO with 1 DMRS port will result less overhead, but this do not compensate the gain for OL MIMO with 2 DMRS ports (Scheme (b)&(d) ) shown in figure 6.
For figure 7, we can see SFBC+FSTD does not outperform SFBC, since it doubles DMRS overhead.
Proposal 5: SFBC+FSTD should be precluded since no performance benefit shown.
3 Conclusion
In this contribution we do analysis for Close loop scheme and open loop schemes. Simulation results are shown. The following are proposed:
Proposal 1: Single layer beamforming should be a starting point for study usage of DMRS.
Proposal 2: There should be multiple associations between DMRS antenna ports and resource for different mapping methods or resource sizes in a PRB pair.

Proposal 3: Configurable DMRS port(s) should be supported for MU-MIMO.
Proposal 4: The baseline scheme should target on transparent switching between close-loop and open-loop.
Proposal 5: SFBC+FSTD should be precluded since no performance benefit shown.
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5 Appendix 
Table A1 – Simulation assumption for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Channel model
	ETU/EPA

	UE velocity
	3km/h,120km/h

	Number of antenna ports per eNodeB
	2,4

	Number of CRS ports
	2,4

	Number of DMRS ports
	2,4

	Number of antenna ports per UE
	2

	DCI Format 
	Format 2C(45bit)

	ePDCCH Transmission scheme
	OL MIMO,SFBC,SFBC+FSTD

	Number of layers per UE
	1 layer

	Modulation 
	QPSK

	TTI
	10000

	Receiver detection
	MMSE-IRC

	CSI-RS Period
	5ms

	Number of Legacy PDCCH symbols
	3 

	Channel estimation on DMRS
	2D MMSE

	Channel coding
	CC

	CQI feedback cycle
	5TTI

	CQI delay
	5TTI
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