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1 Introduction

At the previous meeting (RAN1#70bis), several details of the EPDCCH design were finalized. Among these, it was agreed that the UE-specific search space is formed by up to K=2 EPDCCH sets, each consisting of a group of N={2, 4 or 8} PRB pairs (N=16 is still under consideration), where N is not necessarily the same when two EPDCCH sets are configured. Although it is agreed that the EPDCCH sets will be indicated to the UE through higher-layer RRC signalling, it remain an open issue what resource allocation method meets the requirements in terms of flexibility and signalling overhead for indicating the PRB pairs within each set. In this contribution we propose two EPDCCH resource allocation methods: the first one aims at minimizing the signalling overhead at the expense of reduced resource allocation flexibility; the second one aims at meeting the flexibility of a full bitmap solution for each EPDCCH set with reduced signalling overhead. 
2 EPDCCH resource allocation
A straightforward way to indicate which PRB pairs within the downlink system bandwidth form an UE-specific EPDCCH set is to use a full bitmap of the downlink bandwidth [1], with one bit per PRB pair in the downlink system bandwidth. The advantage is the full flexibility of allocating any arbitrary combination of PRB pairs in the downlink bandwidth for each EPDCCH set configured for a UE. The drawback is that, in the worse case, up to 110-bit bitmap per EPDCCH set would be conveyed to each UE in a cell. The alternative to signalling a full bitmap for each EPDCCH set is to design a resource allocation scheme for EPDCCH based on one of the following two principles:

· Minimizing the signalling overhead at the expense of reduced resource allocation flexibility [2]-[6]; or
· Meeting the flexibility of a full bitmap with the minimum signalling overhead [7]

 REF _Ref339635432 \r \h 
[8].

2.1 RBG-based resource allocation 
The signalling overhead for EPDCCH resource allocation can be minimized at the expense of losing some of the resource allocation flexibility offered by a full system bitmap per EPDCCH set, see e.g. [2]-[6]. 

In this regard, we proposed a method in [6] inspired to the PDSCH resource allocation Type 1. Specifically, we define an EPDCCH resource subset as the basic resource allocation unit for an EPDCCH set, where an EPDCCH resource subset consists of PRB pairs within different resource block groups (RBGs) spread over the downlink system bandwidth. Thus, an EPDCCH set consists of one or more EPDCCH subsets. 

Just like the PDSCH allocation Type 1, the size of each RBG, and consequently the size of an EPDCCH subset, is a function of the system bandwidth as illustrated in Table 1. An EPDCCH set is signaled by indicating the subsets forming the EPDCCH set, where the EPDCCH subsets are signaled using two bitmaps: a bitmap indicating the allocated EPDCCH RBG group(s); and a bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s), where the bitmap is common for all the indicated EPDCCH RBG group(s). An example of this method is showed in Fig. 1 for a system bandwidth of 10MHz. In this example, a localized EPDCCH set consisting of the first two PRB pairs of each RBG in the RBG group #1 can be indicated by “1000 110”, where “1000” indicates that the allocated EPDCCH subsets are from EPDCCH RBG group #1 and “110” indicates that EPDCCH subset #0 and #1 in the EPDCCH RBG group #1 are configured for the EPDCCH set.
The advantage of this approach is a significant reduction of the signalling overhead required to indicate the location of the EPDCCH set(s) within the system bandwidth. And within an EPDCCH set, the approach can provide frequency diversity and frequency selectivity gain, from which both distributed and localized EPDCCH sets benefit.
Table 1. EPDCCH subset size and signalling overhead vs. downlink system bandwidth.
	System Bandwidth (RB)
	subset Size (RB)
	Number of subset per RBG groups/ RBG size
	Number of RBG groups
	Overhead per EPDCCH set (bits)

	6
	2
	1
	3
	4

	15
	2
	2
	3
	5

	25
	2
	2
	6
	8

	50
	4
	3
	4
	7

	100
	4
	4
	6
	10
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Fig 1. Illustration of EPDCCH subset definition.
Therefore, to minimize the signaling overhead of the EPDCCH resource allocation we propose to:
Proposal 1: Define EPDCCH subset as the basic resource allocation unit for EPDCCH set, with each EPDCCH subset consisting of 2 or 4 PRBs from different RBGs, and the signalling of an EPDCCH set consists of:

· A bitmap to indicate the allocated EPDCCH RBG group(s);
· A bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s) (the bitmap is common for all the indicated EPDCCH RBG group(s)).
2.2 Combinatorial resource mapping

If the maximum resource allocation flexibility of a full bitmap per EPDCCH set is desirable, it would still be beneficial to achieve this goal with the minimum amount of signalling overhead. A more efficient way to allocate any two EPDCCH sets of 
[image: image2.wmf]}

8

or 

 

,

4

 

,

2

{

=

N

 PRB pairs arbitrarily chosen within the downlink system bandwidth is to jointly encode the frequency position of the EPDCCH sets into a combinatorial index in a way similar to the CQI sub-band reporting method. 
Specifically, given the system bandwidth 
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 that can be configured with the downlink system frequency bandwidth. Each set 
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 of sorted resource block indices can be labeled by a combinatorial index 
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is the extended binomial coefficient resulting into a unique label 
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 for the jth interval ensures that the interval is large enough to contain all 
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 PRB pairs. Assuming the smallest set size 
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Given that up to 
[image: image22.wmf]2

=

K

 EPDCCH sets can be configured for a UE, there are 
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. Therefore, any configuration of one or two EPDCCH sets can be signalled with 
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 bits as the binary representation of a combinatorial index 
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The combinatorial index 
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 jointly encodes the frequency location of up to two EPDCCH sets allocated to a UE. The signalling overhead for this method depends on the system bandwidth 
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Table 2. Signalling overhead reduction compared to the full bitmap case.

	System bandwidth
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	Full bitmap for two sets

(bits)
	Overhead reduction

	6
	9
	12
	25%

	15
	25
	30
	17%

	25
	40
	50
	20%

	50
	58
	100
	42%

	100
	74
	200
	63%


The signaling overhead can be further reduced if restrictions are imposed to the allowed EPDCCH set based on the system frequency bandwidth as proposed, for instance, in [9]. Specifically, if for 
[image: image39.wmf]10

£

DL

RB

N

 only EPDCCH sets consisting of 
[image: image40.wmf]2

=

N

 PRB pairs can be configured, then 7 bits are sufficient to signal up to two EPDCCH sets when 
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 can be configured, the overhead reduction in Table 1 for the corresponding cases of 
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 becomes 30%, 46%, and 65%, respectively. Hence, to provide the same resource allocation flexibility of a full bitmap for EPDCCH set with the minimum overhead, we propose to: 

Proposal 2: Jointly encode the frequency position of the EPDCCH sets into a combinatorial index to achieve the same resource allocation flexibility of a full bitmap with more efficient signalling.
3 Conclusions
If minimizing the signalling overhead for the EPDCCH resource allocation is the driving principle of the design of the EPDCCH resource allocation scheme, we propose to:
Proposal 1: Define EPDCCH subset as the basic resource allocation unit for EPDCCH set, with each EPDCCH subset consisting of 2 or 4 PRBs from different RBGs, and the signalling of an EPDCCH set consists of:

· A bitmap to indicate the allocated EPDCCH RBG group(s);
· A bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s) (the bitmap is common for all the indicated EPDCCH RBG group(s))
If the principle of meeting the resource allocation flexibility of a full bitmap is adopted in LTE, we propose to:
Proposal 2: Jointly encode the frequency position of the EPDCCH sets into a combinatorial index to achieve the same resource allocation flexibility of a full bitmap with more efficient signalling.
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