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Discussion/Decision
1
Introduction
In RAN1 #66bis, it was agreed to introduce ePDCCH in Rel-11 and some design guidelines were also captured in [1] as working assumptions:
Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

In this contribution, we discuss on a fallback transmission for ePDCCH.
2
Fallback Transmission in ePDCCH
So far, the DCI-1A based fallback transmission in legacy PDCCH has been used in order to handle ambiguity period for transmission mode configuration and/or erroneous downlink reception with a configured transmission mode. Therefore, a UE configured with a specific transmission mode shall monitor DCI-1A additionally irrespective of the configured transmission mode so that an eNB may use a fallback transmission in any subframe. As a transmission scheme for fallback in previous releases, transmit diversity scheme has been used as it can provide robustness for various channel and system conditions, which implies that open-loop transmission scheme is more appropriate as a fallback scheme.
In Rel-11, it is agreed to introduce ePDCCH using UE-specific DM-RS port 7~10 as demodulation reference signal in order to increase coverage/capacity of the downlink control channel. Since the legacy transmission modes with semi-static mode switching are kept supported with ePDCCH, the fallback transmission seems to be necessary feature for ePDCCH as well.
Proposal-1: the fallback transmission should be supported for ePDCCH as well.

Since the ePDCCH resources may not overlap with legacy PDCCH in a subframe, both can be transmitted in the same subframe which is also important during some period of time to support legacy UEs in Rel-11 network. Given that the legacy PDCCH is available in the same subframe, one option to support fallback transmission could be reusing the PDCCH by defining a portion of search space for a UE with legacy PDCCH. However, there seem to be drawbacks for this option includes:
· The coverages of legacy PDCCH and ePDCCH are typically different as frequency domain ICIC could be used  for ePDCCH in order to increase coverage. Therefore, ePDCCH may have much better coverage even with distributed transmission.

· A UE needs to estimate channel in legacy PDCCH region additionally to demodulate CCEs in the PDCCH region, which may increase computational complexity at a UE receiver.
· It could not be used in various deployment scenarios such as new carrier type, reduced bandwidth for low cost MTC, CoMP scenario-4, and any future deployments not having CRS in a subframe.
As far as the fallback operation is not targeted for the ambiguity period of the configuration between legacy PDCCH and ePDCCH, there seems to be no clear benefit to use legacy PDCCH for fallback transmission and even a couple of drawbacks are observed as mentioned above. Due to the difference coverage of legacy PDCCH and ePDCCH, the downlink control channel configurability doesn’t seem attractive from our perspective. Therefore, the dependency between downlink control channels shouldn’t be one of design criteria for ePDCCH.
Proposal-2: there should be no dependency between legacy PDCCH and ePDCCH, and it should be assumed that the ePDCCH solely works in a network.
Given that distributed transmission is supported in ePDCCH as an open-loop scheme, the fallback operation in ePDCCH may rely on distributed transmission to provide diversity gain. Even though a distributed transmission is used as a fallback transmission, the frequency domain ICIC benefit may be enjoyed as the subset of PRB-pairs is only used for ePDCCH (see the section 3). Since dynamic scheduling for fallback transmission should be supported as in previous releases, the distributed transmission should be always a part of search space for a UE monitoring ePDCCH.

Proposal-3: a distributed transmission in ePDCCH should be used as a fallback transmission and the distributed transmission should be always within search space for all UE monitoring ePDCCH.   
3
Simulation Results
In this section, we evaluate in system level the received SINR of legacy PDCCH and ePDCCH under homogeneous network and HetNet deployment scenarios in order to see the coverage of the downlink control channels. For, ePDCCH transmission, frequency domain ICIC is used with a scaling factor (α), where the α is used to decrease transmission power of neighboring cell PDSCHs colliding with ePDCCH in the serving cell. The α=0.8 implies that the transmission power of interfering signal is reduced 20% and the α=1 indicates that no frequency domain ICIC is used. Further details of the simulation assumptions are listed in the table 1.
The figure 1 shows a CDF of the received SINR for PDCCH according to the aggregation level. As expected, the SINR distributions according to the aggregation level seems to be almost the same as the REGs in a CCE are well distributed over a system bandwidth. Although the received SINR is marginally changed, the coding gain may increase coverage in legacy PDCCH and/or implicit power boosting.  
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Figure 1. a CDF of the received SINR of PDCCH according to aggregation level.

Homogeneous Network
The figure 2 shows the frequency domain ICIC scheme used for ePDCCH in this simulation. As seen the figure, the RBs located in the same position with the ePDCCH RBs in neighbor cells are power scaled with the parameter α. For ePDCCH transmission, uniformly distributed 8 RBs are reserved with three reuse pattern as similar with v-shift for CRS in order to avoid the collision between ePDCCHs. 
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Figure 2. Frequency domain ICIC in homogenous network.

The figure 3 shows the CDFs of received SINR of PDCCH and ePDCCH with frequency domain ICIC used in figure 2. As a transmission scheme of ePDCCH, SFBC or per-RB based random beamforming with distributed transmission is assumed. 
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Figure 3. CDF of the received SINR of ePDCCH according to scaling factors and transmission schemes [HomoNet].

As seen in the figure 3, ePDCCH with frequency domain ICIC provides significant received SINR increments in overall SINR ranges as the scaling factor (α) gets smaller due to less inter-cell interference if the same transmission scheme SFBC is used. It is also shown that the received SINR is significantly increased in low SINR range although a random beamforming is used. Therefore, in both cases, the coverage of ePDCCH is significantly improved even with distributed transmission.  
Heterogeneous Network
The figure 4 shows the frequency domain ICIC scheme used for ePDCCH in heterogeneous network. Considering that the interference between Pico-cells is relatively low, the same RB locations are used for ePDCCH transmission for all Pico-cells. In addition, the remaining two RB locations out of three reuse patterns are used and randomly selected for macro-cell ePDCCH transmission.
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Figure 4. Frequency domain ICIC in heterogeneous network.

The figure 5 shows the CDFs of received SINR of PDCCH and ePDCCH with frequency domain ICIC used in figure 4 under heterogeneous network. The other assumptions are the same as the assumptions for homogeneous network except that the CDFs in the figure 5 only includes received SINR for the UEs located in Pico-cells.
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Figure 5. CDF of the received SINR of ePDCCH according to scaling factors and transmission schemes [HetNet].
Since the Pico-cells suffer from strong interference from Macro-cells, the gain of frequency domain ICIC seem to be much more significant as compared with that in homogeneous network.
Observation: the frequency domain ICIC for ePDCCH significantly increases the received SINR in overall SINR ranges, which implies that both capacity and coverage may be increased. Also, a huge coverage different between PDCCH and ePDCCH are observed. 
4
Conclusions

In this contribution, we discussed on the fallback transmission in the context of ePDCCH design. Also, the coverage distribution for ePDCCH with frequency domain ICIC is investigated in order to check the coverage difference between legacy PDCCH and ePDCCH. From the discussions and observations, we propose followings:

Proposal-1: the fallback transmission should be supported for ePDCCH as well.

Proposal-2: there should be no dependency between legacy PDCCH and ePDCCH, and it should be assumed that the ePDCCH solely works in a network.

Proposal-3: a distributed transmission in ePDCCH should be used as a fallback transmission and the distributed transmission should be always within search space for all UE monitoring ePDCCH.   
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Appendix

Table 1. System-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Channel models
	UMa [2]

	Velocity [km/h]
	3

	Codebook for PMI reporting
	Rel-8

	Chanel estimation
	Ideal

	HomoNet deployment
	21 cells

	HetNet deployment
	21 Macro-cells, one Pico-cell per Macro-cell

	Pico-cell cell range expansion bias
	0 dB

	Number of UE and distribution
	HomoNet: 10 UEs/cell, uniform distribution
HetNet: 30 UEs/Macro-cell, configuration 4b in [2]

	ePDCCH resource allocation
	Distributed within 4 PRBs for AL1

Distributed within 8 PRBs for AL > 1

	Drops, TTIs
	2 drops and 1000TTIs per drop

	Transmission schemes
	PDCCH: SFBC

ePDCCH: SFBC, Per-RB based random beamforming (RBF)

	Aggregation level [# of eCCE/ CCE]
	1, 2, 4, 8
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