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1. Introduction

A remaining issue to finalize ePDCCH design in Rel-11 is how to handle resource configuration for ePDCCH. At RAN1#70 the following decision was made [1]:

Agreements:
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 
· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set
· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair
· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6
· The K sets do not have to all have the same value of N
· The total number of blind decoding attempts is independent from K

· The total blind decoding attempts for a UE should be split into configured K ePDCCH sets

· Each ePDCCH set is configured for either localized ePDCCH or distributed ePDCCH

· The K sets consist of KL sets for localized ePDCCH and KD sets for distributed ePDCCH (where KL or KD can be equal to 0), and not all combinations of KL and KD are necessarily supported for each possible value of K

· Details FFS
· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping. 
Note that excessive configurations should be avoided. 

Note that the details of the second subbullet are dependent on the conclusions on eREG definition. 

Note that it may be possible to forbid certain combinations of N and K

Note that the used values of N and K may depend on the system bandwidth. 

In this contribution we give our view on the remaining open issues. 
2. On supported ePDCCH set size N

An ePDCCH set is a configured resource of N PRB pairs where a distributed ePDCCH transmission is mapped to as many of the configured PRB pairs as possible and a localized transmission maps to a single PRB pair within the set, at least for lower aggregation levels. From ePDCCH performance point of view, large sets give better frequency diversity, and may also give larger frequency selective scheduling gain. On the other hand will large sets, at least for distributed transmission, introduce larger overhead for a small number of scheduled users per subframe. 

For localized case, the same performance of configuring a larger set may be obtained by configuring multiple smaller sets. 

One FFS from RAN1#70 is whether to support N=16 for distributed transmission. We have conducted a set of simulations for N=8 and N=16 for both ETU and EPA channel models. The results are shown below. 
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Figure 1 BLER for 52 bit DCI with 8 and 16 PRB pairs distributed for ETU and EPA channel model
As can be seen from Figure 1, the benefit from going from 8 to 16 is small, and only significant for aggregation level 4 on the ETU channel. The reason is that for low AL, the available frequency diversity is bounded by the fact that only 4 eREG is used per eECCE so N=8 or N=16 makes no difference. For high AL, 2N:th order space-frequency diversity is achieved and the code rate is very low so the difference is also very small between N=8 and N=16. Hence, we see not strong motivation to support N=16 as it will not anyway not impact on the coverage. 

In our companion contribution [2] we show the benefit with spreading the blind decodes over multiple sets. Given these two observations we see no strong motivation for set-sizes larger than 4 for any but the largest bandwidths and no larger than 8. For small bandwidths reserving 4 PRBs would mean substantial control channel overhead with limited additional frequency diversity gain.  Hence for the smallest bandwidths  only N=2 needs to be supported and the supported set-sizes N depends on the system bandwidth as follows  
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Another FFS was whether N=1 is to be supported for localized transmissions, but given the possibility to spread blind decodes in frequency domain [2] there is no clear advantage of supporting a single resource block sets for localized transmission. Mapping of localized transmissions to multiple PRB pairs is further discussed in [3]. 

3. On number of configured sets K

In the agreement for RAN1#70 it is clear that a UE may be configured with multiple sets. It is also shown in [3] to be beneficial from a blocking-perspective to configure multiple sets. The main motivation with limiting the number of possible sets is to reduce UE complexity and testing. With the limited number of blind-decodes available for UE-specific search space on ePDCCH in release 11 it appears excessive to configure more than 4 different sets. How to split the blind decodes between the configured sets is discussed in [2].  Hence we propose that the maximum number of configured sets is 4.

4. Conclusion

In this contribution we present our view on remaining open issues on ePDCCH resource allocation. Based on the limited benefit with larger allocation sizes and the benefit seen with multiple configured ePDCCH sets we propose the following:

Proposal 1: Maximum number of configured sets Kmax = 4.

Proposal 2: The supported set-sizes N depends on the system bandwidth as follows  
	System Bandwidth
	Set Sizes
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For the ePDCCH configuration we thus propose the following (where the motivations are found in the referenced papers):

Proposal 3: The ePDCCH configuration is UE specific and performed by RRC signaling. Up to Kmax sets can be configured with independent parameters as follows: 

· The N resource blocks where the set is mapped to

· Whether the set is using localized or distributed ePDCCH transmission

· The ePDCCH start symbol [4] , 

· The PUCCH HARQ-ACK region offset, 

· The CRS reference symbol pattern the ePDCCH is mapped around [3] including

· the number of CRS antenna ports {0,1,2,4}

· the frequency shift of the CRS, 
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· The DM-RS scrambling sequence initiation [5]. 

· The use of AP 107+109 or AP 108+110 [6] for distributed ePDCCH
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