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1. Introduction 
In LTE Rel-11, it is the common understanding that PDCCH enhancement should be investigated to accommodate various requirements which include the need of PDCCH capacity enhancement and support new deployment scenario such as CoMP scenario 4, where many low power nodes would share the same cell ID as macro-eNB. At RAN1 66bis meeting, after extensive discussion [1]-[11], the following working assumption was agreed for PDCCH enhancement. 
Working Assumption:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

Among various aspects of the enhancement, introducing beamforming (BF) transmission for E-PDCCH seems have the least controversy. In such proposal, similar BF transmission as introduced for PDSCH would be applied to E-PDCCH transmission and DMRS could be used for demodulation of such transmission. In this contribution, we discuss some ways of partitioning PRB pair into smaller resource units, which would facilitate the use of BF as well as E-PDCCH searching. 

2. PRB Pair Partitioning and E-PDCCH Multiplexing
As shown Figure 1, DMRS ports as defined in Rel-10 could be used as demodulation RS for E-PDCCH.  If BF is used for E-PDCCH transmission and DMRS is used for its demodulation, the same precoding vector applied to the E-PDCCH should be applied to the DMRS. However, one problem that we might encounter is how different UEs can work with the same set of DMRS symbols in a PRB pair if their E-PDCCHs are assigned in the same PRB pair, as most probably, different precoding vectors could be needed to precode their E-PDCCH. 
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Figure 1:  DMRS port for E-PDCCH demodulation
On the other hand, minimum resource allocation for legacy PDCCH is  one Control Channel Element (CCE), which equals to 36 REs,  or about the size of  a third of a PRB pair. So it is not efficient in terms of resource utilization  when  the minimum  resource allocation for E-PDCCH is PRB pair based.  For example,  in some high SNR and small DCI scenario,   the required E-PDCCH performance may be achieved with  a resource allocation of one CCE in size,  meaning that assigning one PRB pair to one  E-PDCCH is clearly waste of  resources.    So, it would be more efficient  to define a sub-PRB partition ,  Some possible ways of partitioning are discussed below:  
2.1.1.1. Horizontal Sub-PRB pair resource unit partition

We can partition  a PRB pair along  frequency into different resource units . For example, we can partition  the PRB pair into three resource units   with equal size in  frequency as depicted in Figure 2, where each resource units takes 4 subcarrierss in frequency direction. It should be note that each resource unit should preclude the legacy PDCCH part.  Roughly speaking, each resource unit   contains the resources about the size of one CCE, i.e. 36 REs, which is the minimum resource unit for PDCCH assignment. 


Figure 2: . Horizontal sub-PRB pair partition
The advantage of such  partition  is that in each resource unit  we have a set of DMRS symbols which could be precoded independently from other resource units  and thus could be used for E-PDCCH demodulation  transmitted in that  resource unit .  

2.1.1.2. Vertical Sub-PRB pair resource unit partition  

We can also partition a PRB pair into different resource units in time domain. In an example, we can partition the PRB into two resource units in time as depicted in Figure 3. Note that, here, a PRB pair is partitioned  and according to different lengths for legacy PDCCH region, we can have different partitioning patterns. This pattern could be fixed according to different PDCCH lengths. As also depicted in the Figure 3, the sub-PRB resource unit may not be limited to a slot boundary. 
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Figure 3 Vertical sub-PRB pair partition
It should be mentioned that both of these two partitions can be used  for  CL-BF, random BF(RBF), DMRS based TxD, and MU-MIMO transmissions. 
2.1.1.3. E-PDCCH resource assigning and searching procedure
Partitioning a PRB pair in frequency/time to generate smaller resource units   provides finer granularity in terms of resource mapping for E-PDCCH compared to PRB pair based resource allocation.   Each resource unit can be precoded individually and can be allocated to different UE.  In other words, when mapping and multiplexing E-PDCCH of different UEs, each UE can be  assigned with  a  number of resource units  just like it  is assigned with a number of CCEs for a  legacy PDCCH .  The resource mapping of E-PDCCH for each UE can be localized or distributed. These partitions are particularly beneficial for CL-BF as  a smaller resource  may be needed  for E-PDCCH  in many  cases  due to the beamforming gain.  
Similar to the CCE concept used for legacy PDCCH resource allocation, the resource unit can be used in Rel-11 for E-PDCCH resource assignment.   The assignment procedure of E-PDCCH for a UE can follow the similar PDCCH assignment procedure as defined in Rel-8. Namely, each resource unit can be viewed as a CCE and assigned with an index, the assignment procedure of E-PDCCH for a particular UE can be determined at the eNB by the possible number of resource units used for this E-PDCCH, number of E-PDCCH candidates and UE ID. At the UE side, the similar searching procedure as used for legacy PDCCH could be used here by the UE to find its E-PDCCH assignment. 
Proposals: A PRB (or PRB pair) could be partitioned along either frequency domain or time domain to create smaller resource units. DMRS symbols in each resource unit could be used as demodulation RS for the E-PDCCH transmitted in that resource unit. Such resource unit could be considered as CCE unit and the similar PDCCH assignment and searching procedure as defined in Rel-8 could be reused for E-PDCCH. 
3. Conclusions

In this contrition, several ways of partitioning PRB pair into smaller resource units are discussed with the purpose of facilitating the using of DMRS as demodulation RS for E-PDCCH in BF transmission. Such partitioning also create small resource units could be used as CCE unit for E-PDCCH, and therefore provide more efficient resource allocation and allow eNB and UE to reuse the similar assigning and searching procedure as that defined for legacy PDCCH for E-PDCCH transmission. 
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