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1. Introduction
At RAN1#67, an important agreement is decided for the resource allocation and reference signal design of E-PDCCH, which is list as follows,

· PDCCH and PDSCH could not be multiplexed in one PRB pair.
Based on this agreement, we discuss the motivation, requirements and design of ePCFICH.
2. Discussion
To facilitate the discussion, we have the following assumptions,
· The minimum unit of ePDCCH is one eCCE, with size and location FFS

· There is separate resource allocation for frequency localized and distributed transmission. 
· Multiple UEs can be configured to monitor the same set of ePDCCH resources.
2.1. Motivation of ePCFICH
If the resource of ePDCCH is semi-statically configured, there is a risk that some of the predefined resource for ePDCCH would be wasted because of the variation in number of DCI messages required with subframe to subframe dynamic scheduling. That is, a different total amount of ePDCCH resources is needed for different subframes. To reduce the resource wastage, any completely unused PRBs in the resources configured for ePDCCH could be scheduled for PDSCH transmission. This would be straightforward for resources configured for localized ePDCCH. However, for distributed ePDCCH transmission, it would be more difficult to use any unused resources for PDSCH, especially if conventional REG level interleaving is reused. In this case, the resource of just one DCI message for a particular UE may be spread across all the configured PRB pairs, preventing use of the resources for PDSCH. The use of eCCE level interleaving (or interleaving of parts of eCCEs) could help to alleviate the possible resource wastage, provided frequency localized and distributed ePDCCHs could be multiplexed in the same PRB pairs. However any additional complexity in the antenna association scheme would need to be considered.
On the other hand, it was proposed by companies [1] [2] that the resources for ePDCCH could be dynamically configured to the UE. This dynamically configuration could be through a newly defined DCI, which is transmitted in the conventional PDCCH common search space, or through a newly defined channel, which is transmitted in the data region and may be called ePCFICH. By doing so, the resource of ePDCCH could be adapted to the dynamic DCI loading in each subframe and then the resource wastage is significantly reduced. In our opinion, the first option has the benefit of reduced control signaling overhead, since the resource of PDCCH CSS is reused. The other option however, is useful at least for some particular scenarios, for example for large bias UEs in heterogeneous networks, where the UE may have difficulty in correctly detecting the information contained in PDCCH. 

A brief overhead comparison between semi-static configuration and ePCFICH is given in Fig. 1. To simplify the analysis, we make the following assumptions:

· Up to 4 eCCEs are multiplexed within a resource equivalent to a PRB pair

· All the resources reserved for ePDCCH can be used without any blocking
· The control channel loading is dimensioned in terms of the number eCCEs that need to be transmitted in a given subframe, without considering the aggregation levels involved

· The ePCFICH dynamically indicates the number of PRB pairs reserved for ePDCCH among three optional values of 4, 8, 12, with 16 PRB pairs as the default
· For semi-static configuration, 16 PRB pairs are always reserved for ePDCCH
· A distributed DCI messages is interleaved across all the reserved PRB pairs    
We consider the case of a 10MHz bandwidth. Fig.1 (a) shows that with ePCFICH used, the resources reserved for ePDCCH can dynamically vary with the eCCE loading per subframe, thus saving control overhead. The specific percentage of total resource saved is given in Fig.1 (b). It can be observed that multiplexing efficiency will potentially be improved when using ePCFICH.
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Fig.1 System BW 10MHz: (a) Number of reserved PRB pairs vs eCCE loading for ePCFICH and semi-static configuration; (b) Percentage of total system resource saved by using ePCFICH
If distributed ePDCCH is not interleaved over all the available PRB pairs, and the frequency diversity order is limited (e.g. to 4), this may allow some resources to be saved when the ePDCCH load is less than that assume for the ePDCCH resource allocation. Then the scheduler may be able to arrange that some of the reserved PRB pairs have no ePDCCH present. To analyze this scenario we make the following assumptions:

· 16 PRB pairs are semi-statically reserved for distributed ePDCCH

· Each DCI message occupies 1 eCCE (i.e. aggregation level 1)

· Four eCCEs can be transmitted in 1 PRB pair

· Frequency diversity order 4 (i.e. each eCCE is split into 4 parts, each transmitted in a different PRB pair)

· UE makes 6 blind decoding attempts per DCI format and aggregation level (as in Rel. 8)

· Each UE search space is randomly allocated across the reserved PRB pairs 

· A simple scheduler is applied in order to minimize the number of PRB pairs used    
Results averaged over a number of simulation drops are shown in Fig 2, for up to 64 DCI messages per subframe. It can be seen that under the conditions considered, the use of ePCFICH would allow significant savings in the resources needed for distributed ePDCCH.
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Fig.2 Number of reserved PRB pairs vs ePDCCH loading with semi-static configuration for a practical scheduler (actual) and that which could approach using ePCFICH (ideal)
Based on the above observations, we have the following proposals,
Proposal 1: The dynamic configuration of ePDCCH resource could help to reduce the resource wastage, particularly for distributed ePDCCH.
Proposal 2:  ePCFICH is supported to dynamically convey the size and/or position of at least the distributed ePDCCH resources. 
2.2. Requirements and design of ePCFICH
As analyzed in above, ePCFICH could be used to indicate the resource for distributed transmission. Distributed transmission is appropriate when accurate channel state information is not available at the eNB side or the DCI message is targeted for reception by multiple UEs. Relevant scenarios include the ePDCCH transmission from high speed UEs and the DCIs transmitted in a common search space, etc [3]. Therefore if CSS is supported to be transmitted through ePDCCH, the ePCFICH should be able to indicate the resource for “eCSS” and UE specific search space with distributed transmission, respectively. Further, if the eCSS and UE specific search space could be jointly interleaved either by eCCE (or part eCCE) level, or REG level, to obtain better frequency diversity gain, the ePCIFCH could indicate a single set of resources accommodate both eCSS and USSS. 
Proposal 3: If eCSS is supported, the ePCFICH could indicate a single (distributed) resource for eCSS and USSS.
Since ePCFICH is targeted for multiple UE reception, the performance of ePCFICH should be robust enough to guarantee the cell edge UE’s performance. It is then preferable to have as small number of bits as possible carried in this channel in order to minimize the overhead. Furthermore, if ePCFICH is transmitted in the data region, there may be some advantage if it can be multiplexed with ePDCCH and/or ePHICH (if this is defined). The resource allocation scheme used needs careful study. 
Since ePCFICH would carry only a small number of bits, the total additional overhead would be quite small, for example less than one PRB pair. 
3. Conclusions
In this contribution, we give some analysis on the motivation and requires of introducing ePCFICH. Basically we have the following proposals,
Proposal 1: The dynamic configuration of ePDCCH resource could help to reduce the resource wastage, particularly for distributed ePDCCH.
Proposal 2: ePCFICH is supported to dynamically convey the size and/or position of at least the distributed ePDCCH resources. 
Proposal 3: If eCSS is supported, the ePCFICH could indicate a single (distributed) resource for eCSS and USSS.
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