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1. Introduction
In RAN1#66, possible enhancement of PDCCH was discussed. It was indicated that RAN1 should agree on the motivations for the investigations of enhanced PDCCH and the target scenario in this meeting.
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2. Motivations and Scenarios
2.1. eNB deployment
HetNet scenario
HetNet, including CoMP and eICIC, is one of the main scenarios to introduce the enhanced PDCCH. The HetNet scenario is highly motivated by the opportunity to exploit cell splitting capacity gain especially for downlink control.
Interference between macro eNB and LPN is one of the drawbacks of this scenario. Therefore, it is desirable to study interference coordination mechanisms by specifying enhanced PDCCH. In this case, an FDM-based enhanced PDCCH is quite promising since it facilitates frequency domain interference coordination. UE-specific DMRS or narrow band CRS based enhanced PDCCH is also of interest since interference caused by legacy CRS limits the cell splitting gain.
Considering the capacity enhancement aspect, we can increase the total PDCCH capacity by using not only the legacy PDCCH region but also the PDSCH region. Moreover, by using UE-specific DMRS effectively, the system can also enjoy the cell splitting gain especially in CoMP scenario 4 (i.e. same cell ID case).
	Motivations
	Promising extension

	· Interference coordination
	· FDM extension
· DMRS/narrow band CRS based E-PDCCH

	· Capacity enhancement


	· E-PDCCH resource configuration in PDSCH region

· UE-specific DMRS based E-PDCCH (esp. for scenario 4: the same cell ID case)

· PHICH enhancement (See section 2.3 for the details)




Homegenous scenario ( Macro eNB only case )
In the macro eNB only case, coverage improvement can be one of the promising enhancement aspects.

Introduction of closed-loop precoding feature is one of the promising candidate schemes to improve the coverage. Therefore, DMRS-based enhanced PDCCH is a promising enhancement. 
	Motivations
	Promising extension

	· Coverage improvement


	· Closed loop precoding

· DMRS-based demodulation
· Power boost of UE-specific DMRS and E-PDCCH


2.2. CSI feedback assumption
In addition to the above eNB deployments, CSI feedback has to be taken into account in the evaluation of the enhanced PDCCH.

With sub-band PMI and sub-band CQI
If eNB receives sub-band PMI/CQI information, this information can be reused for precoding of the enhanced PDCCH, and hence the system can enjoy the precoding gain. Therefore, DMRS-based enhanced PDCCH is promising enhancement in this case.
	Motivations
	Promising extension

	· Precoding gain


	· Precoding using sub-band PMI/CQI information

· DMRS-based demodulation
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Figure 1: E-PDCCH transmission with sub-band PMI and sub-band CQI

Without sub-band PMI and sub-band CQI
Although sub-band PMI/CQI information is beneficial for enhanced PDCCH, we cannot expect this information all the time. For legacy PDCCH, wideband CQI is used for link adaptation of PDCCH and therefore, all CSI feedback modes include the wideband CQI. Thus, we believe that wideband CQI should be the baseline of CSI-feedback even for enhanced PDCCH. The similar performance to legacy PDCCH is required even if enhanced PDCCH is used only with wideband CQI. Therefore, we think support of transmission diversity, e.g., distributed transmission should be studied and the performance should also be investigated.
	Motivations
	Promising extension

	· Diversity gain


	· Support of distributed resource allocation (e.g. resource allocation 1 or 2 w/DVRB)
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Figure 2: E-PDCCH transmission without sub-band PMI and sub-band CQI

2.3. PHICH enhancement

UE-specific DMRS based PHICH is also one of the downlink control channel enhancement aspects in the HetNet scenario. The need for UE-specific DMRS based PHICH mainly arises from two considerations, i.e., PHICH capacity and interference avoidance for PHICH. PHICH capacity is an issue in part because UL SPS type of traffic provided by different RRHs in CoMP scenario 4 may occupy the same PRB index, causing PHICH resource collision [1]. More importantly, uplink cell splitting gain for normal traffic might incur the increase of PUSCH load by several times, making PHICH resources scarce. A DMRS based PHICH may introduce spatial multiplexing gain to improve the PHICH capacity. Interference avoidance for PHICH is also very important because in CoMP scenario 3 PHICH may be interfered by neighboring CRS. A UE-specific DMRS based PHICH may utilize coordinated beamforming to avoid interference. 

It has been decided in Rel.10 that there is no R-PHICH in relay backhaul control channel. However this decision may not be applied here because there are some major differences in the channel characteristics and deployment assumptions between the relay backhaul links and the eNB-UE links, one of which would be that there is far less number of relays than UEs. In relay backhaul, If NACK is not transmitted, retransmission may be triggered by UL grant. But in eNB-UE links it may increase the load of downlink control channel unbearably. So the need for UE-specific DMRS based PHICH should be re-evaluated.
3. Conclusion

Based on the above, Sharp proposes that:

· In addition to eNB deployment scenarios, CSI feedback should be taken into account under each eNB deployment scenario.

· In addition to the sub-band PMI/CQI case, wideband CQI based enhanced PDCCH performance should be studied.

· The need for UE-specific DMRS based PHICH should be re-evaluated.
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Until RAN1#66bis:


Email discussion to aim towards consensus on the above 2 points (rapporteur Lars Lindh).


At RAN1#66bis:


Aim to agree on motivations (if any) for the investigations of enhanced PDCCH


Aim to agree on the scenarios (if any) to be targeted by these investigations and corresponding evaluation assumptions. 
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