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1 Introduction

In 3GPP RAN #47, it was agreed to identify and evaluate non-CA based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49)[1]. 
During RAN1 #61, RAN1 has agreed the baseline:

· Signalling of one value by RRC, with Alt 1 (Alt 1: in case of cross-carrier scheduling, the UE shall always follow the “newly-standardized solution” for ascertaining the PDSCH starting position on the CC carrying the PDSCH).
During RAN1 #61bis, it was further concluded that:

· RAN1 has determined that for UEs that may be cross-carrier scheduled using CIF, a single value of the PDSCH starting position on the CC carrying the PDSCH should be indicated to the UE by RRC.
· RAN1 was not able to agree on whether signalling of a second PDSCH starting position for a certain set of subframes could also be useful.

RAN1 kindly asks RAN2 to consider the above RAN1 decision in the finalization of the Carrier Aggregation WI.
In this contribution, we will investigate the necessity of RRC signaling of the PDSCH starting position for non-CA cases in range expansion. 
2 RRC Signalling of PDSCH Starting Position

With range expansion, a UE may not always connect to the eNB with the strongest downlink received power. By expanding the coverage region of low-power eNBs, cell-splitting gain can be better exploited to improve the network capacity [2,3]. However, in [4], it is pointed out that a UE may have lower path loss to its serving pico eNB than to a macro eNB and the received power of the pico eNB could be significantly lower than that of the macro eNB (up to 16dB lower). In other words, the UE would have to operate at a very low, interference-dominated geometry (up to -16dB) for its serving cell. 
In [5] and [6], a scenario is given showing that it is beneficial to use RRC signalling of the PDSCH starting position. In this scenario, the PCFICH of pico cell is most affected by the interference from the macro-CRS, since the PCFICH is mapped only at the first OFDM symbol. The PDCCH can be extended to 3 OFDM symbols, and thus the effect of interference from the macro-CRS may be mitigated to some extent. In this scenario, the degradation in the PDCCH performance could be suppressed to an acceptable level although the degradation in the PCFICH performance becomes prohibitive. Hence, communicating the control region size to the UE reliably is very important as it is the basis of correct PDCCH reception.
In the sequel, we consider two such scenarios in which the control region size of the pico cell needs to be communicated to the UE reliably: (a) when a Macro-UE is handing over to a Pico eNB supporting range expansion; (b) a Pico UE under range expansion. 
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Figure 1 An example of UE in the handover process toward the pico eNB.
In Fig. 1, a UE is attached to the macro eNB and moving towards the pico eNB. With range expansion, the UE desires a handover to the pico eNB even the geometry is very low. Even though the macro eNB decides a handover for the UE to the pico eNB, the UE will have problems receiving control signalling from the pico eNB. Fig. 2 illustrates the basic handover procedure in [5]. From step 10 of this procedure, the UE starts to receive data/signalling from the pico eNB and the UE needs the control region size of the pico cell for reliable communications. However, since the UE is in the range-expansion area where reliable detection of PCFICH is not possible, there is a problem for UE to read SIB, PDCCH and other channels. To solve this problem, upon reception of the HO request of a UE with RE capability, the pico eNB can start to use a fixed control region size, and notify the HO UE of its control region size through the macro eNB. 
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Figure 2: Intra-MME/Serving Gateway HO

Once a UE is connected to the Pico cell, the range-expansion UE (RE-UE) is located at the range expansion region of the pico cell and continues to experience high interference from the macro eNB. In this case, the pico eNB needs to use an alternative channel (other than PCFICH) to send the control region size to the UE, for example, this alternative channel can be SIB or UE-specific RRC signalling. 
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Figure 3 An example of UE in need of PCFICH support.
Summarizing the above observation we have the following proposals:
Proposal 1: To support UEs in range expansion whose geometry are very low due to Macro-cell interference, the PDSCH starting position of Pico eNB should be kept semi-static. 
Proposal 2: Before a RE-UE handover to a Pico cell, the Pico cell needs to notify this RE-UE its control region size via Macro eNB.
Proposal 3: For a RE-UE connected to a Pico cell, the Pico cell needs to communicate the control region size via an alternative channel (other than PCFICH) such as SIB or UE-specific RRC.
3 Conclusion
In this contribution, we discussed PCFICH issues in range expansion for heterogeneous networks. Our proposals are given below.

Proposal 1: To support UEs in range expansion whose geometry are very low due to Macro-cell interference, the PDSCH starting position of Pico eNB should be kept semi-static. 

Proposal 2: Before a RE-UE Handover to a Pico cell, the Pico cell needs to notify this RE-UE its control region size via Macro eNB.

Proposal 3: For a RE-UE connected to a Pico cell, the Pico cell needs to communicate the control region size via an alternative channel (other than PCFICH) such as SIB or UE-specific RRC.
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