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1. Introduction 
In LTE Rel-11, Enhanced PDCCH (E-PDCCH) is one of the new features, which needs to be supported. The main idea is to support E-PDCCH transmission in legacy PDSCH region, and therefore, increase the overall PDCCH capacity and satisfy all other new requirements such as inter-cell interference coordination for PDCCH, new type of carriers and MTC type of communication. It is common understanding that E-PDCCH should at least be supported in the PDSCH region for the above-mentioned purpose. For the other control channels which is currently supported in legacy PDCCH region, such as PCFICH and PHICH,  there is little discussion up to date on if such control channels should be supported. 

After RAN1 68 meeting, an email discussion was launched on if common search space (CSS) should be supported in E-PDCCH. Along with such discussion, some companies propose to consider supporting other enhanced control channels such as E-PCFICH and E-PHICH as these control channels have the same characteristics as common control channels, which are visible to multiple UEs. 
In this paper, some consideration on supporting  E-PCFICH and E-PHICH are discussed.  

2. Support Other Control Channel in E-PDCCH Region
2.1. The need to support E-PCIFCH and E-PHICH

In LTE Rel-11 system, a new physical downlink control channel (E-PDCCH) will be specified to support increased control channel capacity, to support frequency domain ICIC, to achieve improved spatial reuse of control channel resource, to support beamfroming and/or diversity, to operate on the new carrier type and in MBSFN subframes, and to coexist on the same carrier with legacy UEs.   
Although the detailed structure of E-PDCCH is still under discussion, it is common assumption that E-PDCCH is transmitted by using PDSCH resources. Therefore, the introduction of E-PDCCH has no impact on the legacy PDCCH transmission and at the same time, it can  increase the control channel capacity by borrowing PDSCH resources. With the introduction of E-PDCCH, the other two downlink control channels, PHICH and PCFICH, may need to be enhanced as well to provide the relevant downlink control information for the following reasons. 
The first application example is the new carrier type in carrier aggregation scenario where there is no legacy PDCCH region defined on the new carrier to reduce overhead.  A second application example is for supporting machine type communication (MTC), where the low-cost device may not be required to receive signals over the entire bandwidth, thus not able to receive the whole legacy control region. A third application example is for the victim cell in heterogeneous network scenario. For example, if stronginterference from the aggressor cell makes it difficult to receive the signal in the legacy control region, then the UE can receive downlink control information via E-PDCCH/E-PHICH/E-PCFICH instead. 

2.2. Support E-PCIFICH
When cross-interleaving is used for multiplexing of multiple E-PDCCHs, the PRB pairs allocated for E-PDCCH cannot be used by PDSCH. This can lead to resource waste if the PRB resource is over-provisioned than the actual E-PDCCHs to be carried for a given subframe. For example, if the subframe needs to support one UE, then at most two E-PDCCHs are needed for UE-specific signalling, one for the downlink scheduling assignment, one for the uplink scheduling grant. If the subframe needs to support 10 UEs, then up to 20 E-PDCCHs are needed for UE-specific signalling. Thus the number of PRB pairs needed to support 10 UEs is much more than the number of PRB pairs needed to support one UE.    Thus a balance between E-PDCCH capacity and overhead needs to be made.  In this case, E-PCFICH would be useful to dynamically indicate the E-PDCCH region allocation in each subframe based on the actual number of UEs to be scheduled. This would reduce overhead and increase overall efficiency of resource utilization. 

In order to support E-PCFICH, the following aspects needs to be carefully considered.
2.2.1. The awareness of E-PCFICH transmission and signaling of E-PCFICH presence

If legacy PDCCH is present and UEs are able to receive control information over legacy PDCCH, it will receive control signal in legacy PDCCH region first, and then the presence of E-PCFICH and its resource allocation may be semi-statically signaled via RRC.  For some UEs such as UE with MTC, the presence of E-PCFICH needs to be signalled before any RRC signalling since MTC UEs may not have the capability to detect the PDCCH signal in the whole legacy control region.  One possibility is that the presence of E-PCFICH may be indicated in the MIB which is carried over PBCH. 

2.2.2. The resource allocation and multiplexing with other channels such as PDSCH, E-PDCCH etc. 

If E-PCFICH is used for dynamic indication of the E-PDCCH cross-interleaving region in a subframe,  then E-PCFICH needs to be detected firstly independent of other information.  E-PCFICH needs to be transmitted over known resources, with known transmit format, and its resource location within a subframe should in principle be independent of E-PDCCH allocation.  In other words, it is desirable to have a preconfigured allocation for E-PCFICH in each subframe, which is known to all UEs configured to monitor the E-PCFICH. However, allocating one or more PRB or PRB pairs exclusively for E-PCFICH would introduce too much overhead. To reduce E-PCFICH overhead and also to increase frequency diversity, E-PCFICH may be multiplexed with E-PDCCH, i.e. sharing some of the PRB or PRB pairs configured for E-PDCCH. For example, one can predefine a region for interleaved E-PDCCHs and allocate E-PCFICH to first one or first couple of OFDM symbol(s) of the interleaved region. Additionally, one can distribute the E-PCFICH over a wide frequency range to obtain frequency diversity. Time-wise, it is desirable to have E-PCFICH (if defined for the subframe) located towards the beginning of the subframe so that it can be decoded as early as possible. This reduces the processing delay of E-PDCCH and PDSCH decoding at the UE.  
2.2.3. The transmit format of E-PCFICH

Similar as Rel-8, the E-PCFICH could be transmitted using transmit diversity or single antenna transmission.  The transmit format of E-PCFICH could follow the format used by other control channels such as common control channel of E-PDCCH and E-PHICH if they are transmitted in the same region. 

2.2.4. The reference signal used for E-PCFICH demodulation

E-PCFICH needs to rely on a certain type of common reference signal for channel estimation, where the reference signal can be used by multiple UEs. These common reference signal may be local common RS, e.g., defined for the interleaved region only, which is in contrast to the CRS common to an entire cell covering the entire spectrum. These local common RS are received as demodulation reference signals (DM-RS) for E-PCFICH by the UEs.

2.2.5. The information carried by the E-PCFICH

The information carried in E-PCFICH will be different from that of PCFICH. In legacy PCFICH, two bits are used to generate four states (with one state being reserved), which indicates number of OFDM symbols for the control region.  In the case of E-PCFICH, a full scale resource allocation may be flexible to specify the RB locations of E-PDCCH, however, the overhead of such resource allocation is excessive as compared to PCFICH, and is not practical. 
Alternatively, a limited number of bits could be used to indicate a subset of RBs predefined which could be a function of the bandwidth. The PRB allocated could be evenly spaced across the bandwidth and their positions are a function of the physical cell ID and the subframe index.

Proposals:  
1. E-PCFICH could be supported in E-PDCCH, at least for E-PDCCH with distributed transmission. 
2. The configuration of E-PCFICH could be RRC signaled or signaled in MIB

3. The resource allocation for E-PCFICH could be pre-defined and multiplexed with other channels such as E-PDCCH

4. The transmit format could follow other common control channels and some format of common RS could be used for its demodulation 
5. The configuration carried by E-PCFICH could be some subsets of resources predefined. 

2.3. Support E-PHICH

To support E-PHICH transmission, the following aspects should be considered. 

2.3.1. Multiplexing of E-PHICH with E-PDCCH or PDSCH

There are several options to multiplex between E-PHICH and E-PDCCH or PDSCH. Merits of each option needs to be studied before deciding on the best design.
· E-PHICHs are transmitted in the same PRB(s) as that for E-PDCCHs with localized transmission. 

· E-PHICHs are transmitted in PRBs for E-PDCCHs configured with distributed transmission. 

· E-PHICHs are transmitted in PRBs where commonly monitored E-PDCCHs are transmitted. Common search space can be defined for E-PDCCHs to transmit DCI formats aimed to all UEs or group of UEs. E-PHICHs can be multiplexed with E-PDCCHs in the PRBs reserved for the common search space. 

· E-PHICHs are transmitted in PRBs for PDSCH transmission. E-PHICH can be transmitted in different PRBs from E-PDCCH
· E-PHICH is transmitted alone in separate VRBs. Different E-PHICH groups are multiplexed and interleaved before mapping across VRBs. The VRBs are then mapped to PRBs in distributed manners. 

2.3.2. The transmit format of E-PHICH

Similar as Rel-8, the E-PHICH could be transmitted using transmit diversity or single antenna transmission.  The transmit format of E-PHICH could follow the format used by other control channels such as common control channel of E-PDCCH where E-PHICH is transmitted. 

2.3.3. Monitoring/receiving  PHICH and E-PHICH

When both PHICH in the legacy control region and E-PHICH are supported and configured, the UE could monitor and receive both PHICH and E-PHICH. In this case, the actual (E-) PHICH resource is determined depending on the PUSCH PRB index and DM-RS cyclic shift.  The number of E-PHICH groups could be signalled over PDCH by re-interpreted the PHICH group field  or signalled through higher layer signalling.  Alternatively, the UE may receive E-PHICH only if the UE is configured to monitor E-PDCCH region or if the eNB configures the UE to receive E-PHICH only. 

2.3.4. Inter-cell Interference Management for E-PHICH 

To avoid the interference in E-PHICH transmission between neighbour cells, inter-cell interference coordination is supported for E-PHICH transmission. One possible way is that E-PHICH resource could be linked to the cell ID and subframe index. 
Proposals:  
1. E-PHICH transmission could be configured and supported

2. Resources for E-PHICH could be multiplexed with other channels such as E-PDCCH, PDSCH or it could be transmitted in separate PRB pairs
3. The monitoring of either one or  both of E-PHICH and PHICH could be configured.

4. The inter-cell Interference management for E-PHICH could be considered
3. Conclusions

In this contrition, several considerations for supporting E-PCFICH and E-PHICH are discussed. Proposals for both E-PCFICH and E-PHICH are presented. It is believed that E-PCFICH and E-PHICH should be configured and supported. 
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