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1 Introduction

One of the key achievements in LTE-A Rel-10 is the wider application of the precoding based beamforming for data and reference signals at the same time in a UE specific manner. The data and reference signals can be directed/beamformed toward a specific user and it is also possible for multiple users to be served simultaneously on the same resources (i.e. MU-MIMO). However, the problem in Rel-10 is that the control channels are still using the cell specific reference signals (CRS) in which there are some issues as discussed in several contributions [9-10], for example in HetNet scenarios where multiple small cells are placed within the macro cell coverage area, CRS create a significant interference and the conventional LTE Rel-8 control channels can not work well. In addition, it has been shown that there is PDCCH capacity limitation for MU-MIMO [2, 11] and possibly with other features such as cross-carrier scheduling in CA and CoMP in Release 11.
Therefore, in order to solve most of those issues, it is viable to apply the precoding based beamforming also for the PDCCH channel together with the UE specific demodulating reference signals (DMRS). This will significantly increase the PDCCH capacity for cross-carrier scheduling in CA, CoMP and MU-MIMO features. Further more; if precoding based beamforming is to be applied for the control channel, it is possible to ensure that the co-ordination of the control channels among the macro layer and small cells in the HetNet deployment scenarios is achievable. 

In this contribution, we discuss a solution where a precoding based beamforming PDCCH (i.e. E-PDCCH) is placed on “non-backward compatible carrier” in TDM approach.
The benefits of the proposed solution over the legacy Rel-8 control channel are as follows:

· Precoding based beamforming can be applied on the new E-PDCCH to achieve closed loop precoding gain leading to capacity enhancements in the system.
· MU-MIMO can be applied with the E-PDCCH as it will increase the system capacity (i.e. multiple users located in different directions can be served simultaneously on the same resources).
· Interference co-ordination is possible by applying co-ordinated scheduling among the macro layer and the small cells.
 Placing the new E-PDCCH on non-backward compatible Carrier in TDM approach  
The non-backward compatible carrier type, known as extension component carrier, has been discussed during the work item phase of Release 10 and many companies believe that it is very useful for HetNet operation, as shown on Figure 1 below, and also improves spectral efficiency of the system by not transmitting some legacy signals and channels such as CRS, PSS/SSS, PDCCH/PHICH/PCFICH and PBCH/system information [4][5]. In addition, it is clarified that the extension carrier will be part of a component carrier set where at least one of the carriers in the set is a backwards compatible. Further more, it is argued that the extension carrier is mainly suitable for UEs with high data rate transmission where precoding based beamforming, DMRS and CSI-RS are the means to realise its transmission mode. However, extension carrier type has not been agreed in Release 10.
From Figure 1 below in HetNet scenario, on the Macro eNB, PDCCH, PHICH and PCFICH are not transmitted from the Secondary cell C2 (i.e. PDCCH-less) as it causes high interference to the Primary cell C2 of the Pico eNB and cross-carrier scheduling from C1 is employed in this case. On the Pico eNB, also PDCCH, PHICH and PCFICH are not transmitted from the Secondary cell C1 (i.e. PDCCH-less) as it suffers from high interference and cross-carrier scheduling from C2 is employed in this situation as well. Therefore, as the cross-carrier scheduling is extensively employed on the primary C1 from Macro cell and primary C2 from the Pico cell, it is obvious that the PDCCH capacity becomes the limiting factor for the system performance.
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Figure 1. HetNet deployment scenario and PDCCH-less operation on the secondary component carriers.
So, one possible solution to realise the E-PDCCH  design with precoding based beamforming in Release 11 is to place it on the new “Extension carrier” in TDM approach similar Rel-8 PDCCH channel as shown on Figure 2 below. There could be at least two implementation alternatives for placing the new E-PDCCH on the extension carrier in TDM approach as follows:
Alternative 1 is to place the E-PDCCH on the Macro’s secondary extension component carrier (CC) in TDM approach where Macro’s secondary E-PDCCH corresponds to Pico’s primary legacy PDCCH as shown on Figure 2. In this case, there could be some interference from Macro’s secondary E-PDCCH to the corresponding Pico’s primary legacy PDCCH. However, by using beamforming to the direction of the desired users, it is possible to avoid or reduce the interference toward the Pico cell. Then the issue is that how to identify the direction the Pico cell or how close UE to the Pico cell. One way is that UE carries out some measurements for example RSRP measurements of the nearby cells and if RSRP measurement is above a predefined threshold, UE reports to the serving Macro cell that there is nearby cell. Then Macro eNB can prevent to apply E-PDCCH toward that user, and instead use legacy PDCCH from the Macro Primary cell.
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Figure 2. Alternative 1 where the E-PDCCH is placed on the secondary extension component carrier of the Macro cell.
Alternative 2 is to place the E-PDCCH on the Macro’s secondary extension component carrier (CC) where Macro’s secondary E-PDCCH corresponds to Pico’s secondary E-PDCCH. However, as can be seen from Figure 3, there is interference from Macro’s Pcell to Pico’s Pcell as well as corresponding Macro’s Scell to Pico’s Scell. In order to avoid the interference, it is assumed that ABS subframes (Almost Blank Subframes) are configured between corresponding Macro’s Pcell and Pico’s Pcell, and for the corresponding Macro’s Scell and Pico’s Scell it is proposed to apply co-ordinated scheduling where there could be at least three possible configurations as described below:

· Config A: Both secondary cells fully apply E-PDCCH on their PDCCH region. This is applicable when the secondary cells are not interfering each other or the interference is weak.

· Config B: The Macro’s secondary cell PDCCH and the Pico’s secondary cell PDCCH are equally partitioned into E-PDCCH and PDCCH-less, so that there is no overlapping for the E-PDCCH transmissions.
· Config C: The Macro’s secondary cell PDCCH is configured as PDCCC-less and the Pico’s secondary cell PDCCH is configured as E-PDCCH.
 [image: image3.emf]Pcell (C1)

Scell (C2)

UE1

UE 4

UE 3

UE 2

Macro eNB

Pico eNB

Pico eNB

Pcell (C1)

Scell (C2 )

Pcell (C1)

Scell (C2)

UE 5

UE 6

UE 7

UE 8

UE 9

Macro eNB

Primary cell (C1)

Pico eNB

Primary cell (C1)

PDSCH

E-PDCCH

PDCCH

PDSCH

E-PDCCH

PDSCH

PDCCH

Macro eNB

Secondary cell (C2)

PDSCH

Pico eNB

Secondary cell (C2)

Macro eNB

Primary cell (C1)

Pico eNB

Primary cell (C1)

PDSCH

E-PDCCH

PDCCH

PDSCH PDSCH

PDCCH

Macro eNB

Secondary cell (C2)

PDSCH

Pico eNB

Secondary cell (C2)

PDCCH-less

Macro eNB

Primary cell (C1)

Pico eNB

Primary cell (C1)

PDSCH

E-PDCCH

PDCCH

PDSCH

E-PDCCH

PDSCH

PDCCH

Macro eNB

Secondary cell (C2)

PDSCH

Pico eNB 

Secondary cell (C2)

PDCCH-less

PDCCH-less

Config A Config B

Config C


Figure 3. Alternative 2 with three different configurations where E-PDCCH is placed on the secondary extension component carriers.

 Pros:

· Provides excellent UE’s design requirements such micro sleep and decoding latency.
· Power boosting is possible similar to Rel-8 PDCCH channel. 
· More resources available for PDSCH transmissions compare to FDM approach.
· There would be almost no specification impact for PDSCH transmissions. 
Cons:

· There is a specification impact as the existing legacy R-PDCCH/PDCCH can not be fully reused.
· It is not applicable to single carrier (non-CA) as the extension carrier should be part of a component carrier set where at least one of the carriers in the set is a backwards compatible.
· New DMRS pattern on the control region for the E-PDCCH seems necessary.
Trade-off Analysis

Summary of applicable scenarios, benefits, drawbacks, and specification / workload impact is provided below:

· Applicable scenarios:

· Carrier aggregation based deployment scenario with MIMO and CoMP features.

· Carrier aggregation based heterogeneous deployment scenario, including intra-band and inter-band.

· Potential benefits and drawbacks:
· The main benefit is that TDM approach enables UE micro sleep and reduced decoding latency comparing to FDM approach.
· The drawback is that it is not applicable to single carrier (non-CA) and new DMRS pattern may be needed on the control region for E-PDCCH transmission.
· Specification / workload impact:

· There is considerable specification impact at least for RAN1, 2 and 4 for the specification of E-PDCCH in TDM approach as the Rel-10 R-PDCCH can not be fully reused. 
2 Conclusion
In this contribution, we have discussed a solution where a precoding based beamforming PDCCH (i.e. E-PDCCH) is placed on non-backward compatible carrier (i.e. Extension carrier) in TDM approach. The main benefit is that TDM approach enables UE micro sleep and reduced decoding latency.
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