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1 Introduction

In the previous RAN1 #66 meeting, the following conclusion was made for downlink control signalling enhancements in downlink MIMO enhancement session:
· 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

· Until RAN1 #66bis

· Email discussion to aim towards consensus on the above 2 points
According to the previous meeting’s conclusion, we first discuss the motivations and scenarios for which the enhanced PDCCH (E-PDCCH for short hereafter) should be studied in Section 2. Then, we suggest several consideration points for E-PDCCH design in Section 3 and E-PDCCH configuration issues in Section 4.
2 Motivations and scenarios for the investigation of enhanced PDCCH

In the previous meetings, the motivations and scenarios for the investigation of enhanced PDCCH have already been discussed in the contributions of many companies [1]-[4]. Basically, we have the same view as many other companies.
The motivations and scenarios that we are considering are as follows:

· CoMP scenario 4

In this scenario, several low-power RRHs having the same cell ID as macro node are deployed within macro coverage area and PDSCH capacity can be improved by means of spatial reuse among nodes. However, since the same PDCCH should be transmitted from all nodes due to the backward compatibility for the legacy UEs, PDCCH capacity cannot be improved by spatial reuse. Hence, the capacity of PDCCH can be a bottleneck for system capacity enhancement.

· MBSFN subframe

In Rel-10/11, it is expected that MBSFN subframe will be prevailingly used for SU-MIMO, MU-MIMO, and CoMP transmission using TM 9. In the MBSFN subframe, at most 2 OFDM symbols can be used for PDCCH transmission. In this case, PDCCH capacity may not be enough to support PDSCH.

· Cross-carrier scheduling for CA-based eICIC in HetNet and additional carrier type
In HetNet scenario, CA-based eICIC scheme can be used for inter-cell interference mitigation. More specifically, in order to reduce inter-cell interference among PDCCHs of multiples cells, cross carrier scheduling can be used where PDCCHs for multiple carriers will be transmitted in one carrier In addition, if additional carrier type is introduced, the PDCCH for the carrier should be transmitted on one of the backward compatible carrier. In these cases, the capacity of PDCCH that can be obtained in one carrier will not be enough to fully support PDSCHs that can be obtained from multiple carriers.
· Transmit antenna precoding gain

Rel-10 downlink systems were designed to support up to 8 transmit antenna and the performance of PDSCH can be improved through the beamforming in proportion to the number of transmit antennas. However, in case of PDCCH, only transmit diversity schemes using 2 or 4 transmit antennas are only supported and increasing the number of transmit antennas does not result in the performance improvement of PDCCH proportional to the number of transmit antennas. Moreover, due to the structure of PDCCH, beamforming cannot be applied to PDCCH.
· Frequency domain ICIC

In PDSCH, inter-cell interference can be reduced by means of frequency domain ICIC scheme. Regarding PDCCH in Rel-8/9/10, it was designed to obtain frequency diversity gain as much as possible but it is impossible for frequency domain ICIC to be applied to PDCCH. Therefore, PDCCH decoding performance can be highly affected by inter-cell interference.
Based on the above motivations and scenarios, we think enhanced PDCCH (E-PDCCH) should be studied.

3 E-PDCCH structure
There are two main points to design E-PDCCH structure. One is how to multiplex E-PDCCH and PDSCH. Pure FDM and hybrid FDM+TDM approaches could be considered as possible options. The other is how to multiplex DL grant and UL grant within the E-PDCCH region. Alternatives could be pure FDM and hybrid FDM+TDM schemes. While a pure TDM approach could be envisaged for both multiplexing, it is not beneficial because it prevents multiplexing with PDSCH transmissions and reusing existing DM-RS.

The following aspects could be considered to design E-PDCCH structure:

E-PDCCH capacity
It is important to design E-PDCCH with efficient resource utilization since there could be a lot of UEs in a cell. E-PDCCH capacity would be increased by supporting MU-MIMO which is already included in the SID [5].
The number of REs in a PRB of the second slot is larger than the number of REs of a CCE. Consequently, resources may be wasted when a PRB is used for a basic unit of enhanced CCE (eCCE for short hereafter). In order to enhance E-PDCCH capacity further, it is worthy to consider that multiple eCCEs are multiplexed in a RB or RB-pair.
Some design principles of R-PDCCH may not be suitable for E-PDCCH. One principle is that the DL grant and UL grant in a PRB pair shall be for the same Relay Node for the DM-RS case. It may be worthy to alleviate the principle above for the flexibility of scheduling E-PDCCH. Other principle is that the DL grant and UL grant shall be transmitted in the first slot and second slot, respectively. It, however, causes resource wastage in the first slot when UL grants are only transmitted in the second slot because it is not allowed to transmit data in the first slot. It would be better to make DL grant and UL grant be transmitted in any slot from the efficient resource utilization perspective.
Proposal 1: Consider a RB or part of RB as a basic unit of eCCE.
High mobility UE
Basically, DM-RS based E-PDCCH is suitable for low mobility UE because of reliable CSI feedback. E-PDCCH, however, should support high mobility UE as well as low mobility UE. It is worth mentioning that an E-PDCCH needs to have sufficient number of DM-RS for reliable channel estimation to support high mobility UE.
E-PDCCH would have two kind of mode, namely, frequency selective mode and frequency diversity mode. Frequency selective mode is mainly used for low mobility UE to utilize frequency selective scheduling gain. In frequency selective mode, an E-PDCCH is transmitted over relatively localized PRBs. Furthermore, eCCE bundling could be introduced to enhance channel estimation performance. eCCE bundling means that UE shall assume the same precoding is applied to all eCCEs of an E-PDCCH transmission as PRB bundling to a PDSCH transmission. For high mobility UE, frequency diversity mode would be used to attain frequency diversity gain. In frequency diversity mode, an E-PDCCH is transmitted over relatively distributed PRBs. Moreover, eCCE bundling is not applied, so that precoding cycling could be utilized transparently. 
Note that one may argue that PDCCH could be used to support high mobility UE instead of frequency diversity mode. However, due to the limitation on PDCCH capacity, E-PDCCH would also support high mobility UE.
Proposal 2: Consider both frequency selective mode and frequency diversity mode of E-PDCCH.
Early decoding and micro-sleep

In order to save UE power consumption it is beneficial to transmit E-PDCCH, particularly DL grant, as early as possible. This feature also offers longer HARQ processing time and smaller buffer size. It, however, depends on the E-PDCCH demodulation scheme. That is, whether an E-PDCCH uses DM-RS in the both slots or a single slot.
Standard impact
It would save our standardization and implementation efforts to reuse R-PDCCH design features as much as possible. There, however, are several areas to be optimized because the UE and Relay Node have different characteristics, for example, mobility, power consumption, wireless channel, the number of node in a cell.
At this stage we don’t have strong preference between pure FDM and hybrid FDM+TDM approaches. So we propose to study further with the considerations discussed above.
4 Configuration issue on E-PDCCH
In order to let a UE search for its control signal in the E-PDCCH region, the scheduling information on the E-PDCCH should be given to the UE since the E-PDCCH is transmitted within PDSCH region. The signaling on the information should be UE-specific.

There can be two possible options to inform the UE on the location of the E-PDCCH. 

· Option 1: RRC signaling

· Option 2: L1 signaling with new DCI format

In option 2, a new DCI format should be introduced that includes the scheduling information on the E-PDCCH as shown in Figure 1. The size of the new DCI format should be as short as possible in order not to waste too much PDCCH resources of legacy UEs. Therefore, it can be 1 CCE or less. If a smaller size than 1 CCE were considered, 0.5 CCE could be one possible candidate for backward compatibility with legacy UEs.

Table 1 compares the pros and cons between the two options.
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Figure 1: Signaling of E-PDCCH scheduling information by new DCI format
Table 1: Comparison of signaling options for E-PDCCH scheduling information

	
	Pros
	Cons

	Option 1: RRC signaling 
	No L1 signaling overhead
	Limitation on freq.-selective scheduling and link adaptation of E-PDCCH

	Option 2: L1 signaling with new DCI format
	Dynamic freq.-selective scheduling and link adaptation of E-PDCCH 
	Increased L1 signaling overhead


We think RAN1 should study further the two signaling options.

Proposal 3: Study further the two signaling options for E-PDCCH scheduling information.
5 Conclusion
We discussed motivations and scenarios for E-PDCCH. The motivations and scenarios that we are considering are as follows:

· CoMP scenario 4

· MBSFN subframe

· Cross-carrier scheduling for CA-based eICIC in HetNet and additional carrier type

· Transmit antenna precoding gain

· Frequency domain ICIC

Also, we have discussed the several aspects on E-PDCCH structure and a configuration issue. To conclude this we have the following proposals:
· Consider a RB or part of RB as a basic unit of eCCE.
· Consider both frequency selective mode and frequency diversity mode of E-PDCCH.
· Study further the two signaling options for E-PDCCH scheduling information.
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