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1. Introduction
In RAN 1#67, a  sub-frame level dynamical ePDCCH design framework is introduced in [1], which is called VU-ePDCCH framework. By a concept of Virtual User(VU), we easily allocate ePDCCH areas with variable size and multiple transmission technologies support in the PDSCH area.
 A chained  manner work mode and related scheduler constraint and user behaviour assumption is introduced in [1]. In this contribution, another flexible work mode  of VU-ePDCCH framework is analyzed, and a possible eICIC method of VU-ePDCCH is presented under the concept of parallel work mode.
2. The Parallel work mode of VU-ePDCCH framework 
Firstly, we briefly summarize ePDCCH allocation algorithm of the VU-ePDCCH chained manner.
By assign a special RNTI value, the DCI carried in Z-RNTI PDCCH is redefined to point to  an ePDCCH area in the PDSCH area.
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Figure 1 the VU-ePDCCH chain manner work mode  

An eNB scheduler constraint: 
When eNB allocate the ePDCCH areas, it should be in the free PDSCH resource which has not been allocated to UEs.
An eUE behaviour assumption in Rel 11:

when eUE abstracts its ePDSCH REs, the REs occupied by ePDCCH should not be counted in, just as we take out the RS signals.
We notice that in the VU search space there are several Z-RNTI PDCCH candidates, which provide the possibility that multiple ePDCCH area may be pointed  concurrently.
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Figure 2 the parallel work mode of VU-ePDCCH through multiple Z-RNTI PDCCH
Another possible alternative is to carry multiple ePDCCHs information in the redefined DCI information, but this will rely on the final DCI size choice and the bit numbers needed for one ePDCCH area, so we use the multiple Z-RNTI PDCCH method to continue our description.
It is possible that the chained work mode and parallel work mode cooperated together, however it is may lead to some uncertainty problem as illustrated in Figure 3.
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Figure 3 the uncertainty problem when multiple ePDCCH chains are used
The problem comes from that the eUE scheduled in a ePDCCH chain may not know the area location of other ePDCCH chains, such as the eUE4 scheduled in ePDCCH 2 may not know the area information of ePDCCH 4,whose chain start from Z-RNTI PDCCH 1.
There are several possible solutions for this problem:

Alt 1: assume that the eUE will decode all the ePDCCH chains, even after it has obtained its own PDCCH DCI. This solution will highly rely on the eUE computation ability.

Alt 2: add additional constraints in the eNB scheduler that  the PDSCH schedule should not overlap with any other ePDCCH areas in other ePDCCH chain.
Alt 3: constraint the parallel mode only works in the first stage, and at most one ePDCCH area followed can continue with chained mode, other parallel blocks can be used for special usages.  This option in fact does not increase the ePDCCH blocks, but may introduce more special usage blocks at the same time.

In most cases, the independent decoding error cases of Z-RNTI  PDCCHs may have some impacts too.
Another problem is the eUE decoding ability constraint, the parallel work mode may lead to the eUE monitor multiple ePDCCH areas at the same stage. For some limited ability eUEs, it can only make limited number of blind decoding  in one ePDCCH area, so some priorities signalling may be needed in the DCI information while multiple parallel ePDCCH area are scheduled, or use the increased ePDCCH area for special usages which do not increase the eUE decoding complexity, such as the eICIC method described in next section.
3. The frequency eICIC support of VU-ePDCCH parallel mode
The VU-ePDCCH is developed under a Vitual User concept, so it is natural to expand the ePDCCH area to a FDM case, and further to make a normal eICIC for a normal user, however, there are other possibilities to realize the eICIC for ePDCCH  through special work mode definition of VU-ePDCCH. 

In this case, we define a NULL usage in VU-ePDCCH, which means that the eNB will not arrange any real transmission in the ePDCCH area, and the eUE will use the area information but do not detect the information in this area. For the neighbouring cells which may interfere each other, they allocate a public NULL areas, and allocate their ePDCCH areas in different part of the NULL area for interference avoidance, as the Figure 4 shows. 
However, it may lead some certainty problem, the eUEs scheduled after the NULL ePDCCH area 1 need to consider the effect of two ePDCCH areas 1&2  at the same time. So, maybe it is better to consider other special VU-ePDCCH usages  in this area, such as  the HC-NWA-RS usages described in [2].
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Figure 4 the possible eICIC support usage of VU-ePDCCH parallel work mode
4. Conclusion
In this contribution, we introduced a flexible  parallel work mode of VU-ePDCCH design framework, and some initial analysis is presented,

Observation: the parallel work mode may significantly improve  the flexibility of VU-ePDCCH , but it also may lead to  more complexities, it need to be further investigated under the VU-ePDCCH design framework.

Proposal: consider the possibility of parallel work mode and NULL area usages under VU-ePDCCH design framework.
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