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1. Introduction 
Heterogeneous network is one of the important features in LTE-A. Heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. Different categories of low power nodes described in [1] are RRH, pico eNB, HeNB and RN. Low power nodes have significantly lower transmit power than the macro eNB. As described in [1], the transmit powers of macro eNB, RRH/pico, HeNB, outdoor relay, indoor relay are 46dBm, 30dBm, 20dBm, 30/37dBm, and 20dBm respectively for 10MHz carrier bandwidth.
There are a number of challenges that are associated with heterogeneous deployment, as listed below:

1. Since low power nodes have significantly lower transmit power than macro eNBs, i.e. 9-26dB lower power for the case of outdoor deployment and 26dB lower power for the case of indoor deployment, a UE served by a low power cell will be severely interfered by the overlaid macro cell. Interference management or avoidance can be performed on the PDSCH region since different RBs can be reserved or power controlled for use by the macro cell and the low power cell to their own UEs. However, similar interference management or avoidance cannot be performed for the control channels due to the REs that form a control channel (i.e. PCFICH, PDCCH, PHICH) being spread across the system bandwidth. In addition, robust reception of PDCCH as well as PCFICH is more crucial than PDSCH for two reasons: 1) a UE needs to receive the PDCCH correctly in order to know the PDSCH resource assigned and subsequently perform PDSCH decoding; 2), a UE needs to decode PCFICH correctly, so that it would know the PDCCH region boundary and therefore know the starting symbol of PDSCH; 3) as opposed to PDSCH, HARQ retransmission cannot be applied to PDCCH.
2. In a typical homogeneous network, a UE is attached (or served) by the strongest cell, i.e, the cell with the strongest DL received signal strength. Due to the significantly lower transmit power of the low power nodes, low power cells will have very small service area if the same rule is applied to decide whether a UE should attach to a macro cell or a low power cell. There are various reasons for a UE to attach to a low power cell even though the low power cell does not provide the strongest DL received signal strength:

a. When a UE has a lower coupling loss to a low power cell compared to a macro cell, it may be better for the UE to attach to the low power cell, although the UE receives a stronger DL signal from the macro cell due to the significantly larger transmit power of the macro cell. This minimizes the required UL transmit power from the UE and the resultant uplink interference the UE causes to other UEs in the neighbour cells.

b. With such low transmit power, low power cells typically have very small coverage areas. Therefore, low power nodes distributed in various locations within a macro cell coverage area represent a cell-splitting type of frequency reuse among non-collocated low power cells. Overall, a resource occupied by a UE served by a low power cell is much less costly to the macro cell than would be the same resource occupied by a UE served by a macro cell. Therefore, it is desirable to increase the service area of a low power cell.

c. A low power node may be a HeNB. A UE that is subscribed to the CSG to which the HeNB belongs may get special or cheaper services when it is served by the HeNB.

Therefore, when a UE is attached to a low power cell for the above reasons, the interference experienced by the UE from the overlaid macro cell is very high.

3. There is another scenario where a UE is attached to a macro cell and experiences severe interference from the low power cell. This can occur when the lower power cell is a femto cell in closed access mode where the UE is not a subscriber of the corresponding CSG. In this case, even though the DL received signal strength from the femto cell is the strongest, the UE is not allowed to attach to the femto cell.

Several contributions [2]-[7] have discussed and proposed schemes to mitigate the PDCCH interference in heterogeneous network. In this contribution, we further consider different approaches and their pros/cons for PDCCH interference management.
2. Carrier Aggregation Based Approaches
When multiple component carriers (CCs) are deployed in the network for both the macro cell and the low power cell, cross-carrier scheduling using CIF can be used to avoid severe interference between the macro cell and the low power cell.
There are several possible options for CC configuration to mitigate the PDCCH interference:

· Option 1: Mutually exclusive sets of CCs in the macro cell and the low power cell are configured as extension carriers [2]. The set of extension carriers configured in the macro cell do not transmit PDCCH and therefore avoid the interference caused to the control region of the non-extension carriers of the low power cell. The set of extension carriers configured in the low power cell are those CCs that experience severe interference from the macro cell. A UE served by the low power cell receives PDCCH on the non-interfered (i.e. non-extension) carrier(s) for PDSCH assignment on the extension carriers. The figure in [2] is shown here for illustration. One drawback of configuring extension carrier in the macro cell and the low power cell is the extension carrier cannot support legacy Rel-8 UEs.
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Figure 1 Extension carrier configuration for a heterogeneous deployment
· Option 2: In [3], it is proposed that some of the CCs in the macro cell operate at reduced transmit power level or blanked on the PDCCH region while operating at full or reduced power on the PDSCH region. This reduces the interference caused to both the control region and the PDSCH region of the corresponding CCs in the low power cell. The figure in [3] is shown here for illustration. Similar to option 1, one drawback of configuring extension carrier in the macro cell and the low power cell is the extension carrier cannot support legacy Rel-8 UEs.
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(a) example of cell deployment                                          (b) PDCCH-less operation 

Figure 2 Example of PDCCH-less operation for heterogeneous deployment

· Option 3: Instead of configuring mutually exclusive sets of extension carriers in the macro cell and the low power cell to avoid PDCCH interference, mutually exclusive sets of non-extension carriers are configured at the macro cell and low power cell with reduced transmit power on the control region. These carriers with reduced control region transmit power can be used to serve both Rel-8 UEs and LTE-A UEs albeit with reduced control channel coverage. Rel-8 UEs which are located close to the macro eNB or the low power node can be served by these carriers. LTE-A UEs which are located close to the macro eNB or the low power node can receive PDCCH from these carriers while LTE-A UEs which are located outside of the control channel coverage of these carriers can receive PDCCH from other carriers whose control channel power are not reduced and cross-carrier scheduling can be used to assign PDSCH on the carriers whose control channel power are reduced. Although the control channel power is reduced, the PDSCH transmit power on these carriers can operate at non-reduced level or at a level suitable for PDSCH interference coordination between macro cell and low power cell. Further consideration is required regarding CRS transmit power level and RSRP/RSRQ measurement on those carriers where control channels power is reduced as they impact mobility/handover and CC activation/de-activation which should be tied to the control channels coverage rather than the PDSCH coverage.
Proposal 1: PDCCH-less operation and reduced power PDCCH operation should be considered to mitigate the PDCCH interference between macro cell and low power cell.
3. Non-Carrier Aggregation Based Approaches

Depending on the deployment scenario, spectrum availability and loading of legacy Rel-8 UEs, carrier aggregation based on approaches may not be suitable. Therefore, it is desirable to support PDCCH interference mitigation in a non-carrier aggregation manner. In addition, the carrier aggregation based approaches described in Section 2 are dependent on the cross-carrier scheduling feature which increases the PDCCH loading on the PDCCH-monitoring carrier.

PDCCH extension or extended PDCCH (E-PDCCH) have been proposed in [5], [6], [7] where a new PDCCH region is defined within the PDSCH region. In this way, RB-based interference coordination can be performed between the macro cell and low power cell. It is further indicated that E-PDCCH is also used to increase the PDCCH capacity to satisfy the much increased loading of PDCCH in LTE-A due to MU-MIMO, cross-carrier scheduling, and expected increase in the number of UEs support by LTE-A.
To mitigate the PDCCH interference, E-PDCCH region can be defined for the low power cell. The macro cell transmits the legacy control channel region with full power, thus providing uniform control channel coverage for UEs in the macro cell area. To avoid interference from the macro cell, the low power cell may not transmit PDCCH in the legacy control channel region. Instead, E-PDCCH defined within the PDSCH region is transmitted by the low power cell to carry PDSCH and PUSCH scheduling assignment information to UEs served by the low power cell. The low power node may also transmit PDCCH in the legacy control channel region for UEs which are located close to the low power node and experience low interference from the macro cell. This is shown in Figure 3 as ‘assignment1’. For UEs which are located further away from the low power node and experience higher interference from the macro cell, their control channel information is carried in the E-PDCCH. This is shown in Figure 3 as ‘assignment2’. Since legacy Rel-8 UEs do not support E-PDCCH, when a legacy Rel-8 UE is close to the low power node, it is served by the low power cell. When a legacy UE is further away from the low power node, it is served by the macro cell. On the other hand, LTE-A UEs can be served by the low power cell with a larger coverage area due to the use of E-PDCCH.  


[image: image4]
Figure 3 E-PDCCH transmission by the low power node
There are several possible options on how the E-PDCCH region is configured:
· In the case where the legacy control region is not blanked at the low power node, a new DCI can be defined to carry the E-PDCCH region information. Only dynamic information (e.g. RBs and/or OFDM symbols used for the E-PDCCH region) needs to be carried in the new DCI where semi-static information (e.g. MCS, aggregation levels etc.) can be signalled through RRC signalling.

· In the case where the legacy control region is blanked at the low power node, the E-PDCCH region is configured and signalled through RRC signalling. Note that in this case, the low power node does not support Rel-8 UEs.
It should be noted that although E-PDCCH can be used to provide PDCCH interference mitigation in a non-carrier aggregation scenario as described above, it can also be used in conjunction with carrier aggregation to provide a larger overall PDCCH capacity.

Proposal 2: E-PDCCH defined within the PDSCH region should be supported to mitigate the impact of the PDCCH interference from the macro cell to the low power cell as well as to provide a larger overall PDCCH capacity.
4. Conclusions
In this paper, the various approaches to mitigate the PDCCH interference between macro cell and low power cell are discussed. It is recommended that RAN1 consider the following:

Proposal 1: PDCCH-less operation and reduced power PDCCH operation should be considered to mitigate the PDCCH interference between macro cell and low power cell.
Proposal 2: E-PDCCH defined within the PDSCH region should be supported to mitigate the impact of the PDCCH interference from the macro cell to the low power cell as well as to provide a larger overall PDCCH capacity.
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