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1. Introduction

Agreements on the set configuration of EPDCCH were made in RAN1 #70bis and subsequent email discussions as follows:
· Agreement (per CC):

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.

· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· No consensus to include N=16 for distributed
It is noted that the details of the signalling of PRB pair configuration for an EPDCCH set are still under discussion in RAN1. In this contribution, we share our view on this issue.
2. PRB pair Configuration for EPDCCH Sets
It has been agreed that the PRB pair configuration for an EPDCCH set is via RRC signaling. The supported number of PRB pairs per EPDCCH set is 2, 4 and 8. However, the details of the signalling of PRB pair configuration for an EPDCCH set are still under discussion in RAN1. In this contribution, we have comparisons between the following possible alternatives.

Alt.1 Combinatorial index based method
Direct bitmap for all PRB pairs provides the best flexibility at the cost of very large signaling overhead. Considering that only 2, 4 and 8 PRB pairs are supported for an EPDCCH set, one possibility to save signaling overhead is to utilize the combinatorial index which is used in CSI feedback bits in UE-selected feedback modes [1]. In UE-selected feedback modes, since the number of preferred subbands is fixed by M, combinatorial index can save some bits compared to using direct bitmap for each subband. The similar concept can be resused for PRB pair configuration for EPDCCH set. The combinatorial index based method has the following signalings.
· Size indicator: The size indicator is used to indicate the number of PRB pairs of the EPDCCH set.
· Combinatorial index: the combinatorial index contains the location of the m used PRB pairs where m is indicated by size indicator. The combinatorial index c is defined as 
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. N is the number of downlink RBs. M is the maximum supported number of PRB pairs of an EPDCCH set.
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 is the index of the ith RB of the configured EPDCCH set.
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Figure 1 Combinatorial index based method
Alt.2 RA type 0 with offset in RBG and cluster size
RA type 0 can also be used for PRB pair configuration for an EPDCCH set. Since RA type 0 has only RBG level bitmap, other idications like cluster size and offset in RBG are necessary to provide additional flexibility. The RA type 0 with offset in RBG and cluster size has the following signalings.
· RA type 0 (RBG bitmap): RBG level bitmap is used to indicate the RBGs which contain PRB pairs of the EPDCCH set. Combinatorial index as decribed in alt.1 can also be used with RBG level to save some bits. However, because the number of RBGs is not as large as the number of RBs, the corresponding signaling overhead reduction is not obivious.
· Offset in RBG: This offset indicates the starting PRB pair in each RBG and thus provides additional flexibility for the PRB pair allocation in RBG. However, due to signaling overhead, the offset is the same for all indicated cluster and therefore may lack of enough flexibility.
· Cluster size: It is used to indicate the number of PRB pairs in each cluster. Similarly, due to signaling overhead, all clusters have the same size.
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Figure 2 RA type 0 with offset in RBG and cluster size
Alt.3 Distributed PRB cluster allocation

This alternative is proposed in [2]. Considering EPDCCH targets on frequency selectivity/diversity gain, uniformly distributed PRB pair clusters seems to be a suitable choice. As a result, this alternative assumes an EPDCCH set consists of uniformly distributed EPDCCH PRB pair clusters among all PRB pairs. The distributed PRB cluster allocation has the following signallings.
· Starting PRB pair index: It is used to indicate the first PRB pair of the EPDCCH set.
· Number of clusters: It is used to indicate the number of PRB pair clusters of the EPDCCH set.

· Cluster size: It is used to indicate the number of PRB pairs in each cluster. All clusters have the same size. 

Similar to [2], the starting postion of EPDCCH cluster i can be derived by
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However, the PRB pair clusters calculated by the above formula may unnecessarily cross RBG boundarires. This is not desired because of inefficiency of PDSCH reusing. A simple modification is to use the above formula to derive the RBG each cluster belongs to at first. And an identical offset is introduced in each RBG for all clusters. The offset simply follows the first cluster whose offset is easily derived by the starting PRB pair index. The above formula can be modified to
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Figure 3 Distributed PRB cluster allocation

The corresponding signaling overhead reductions for the abovementioned three alternatives are summarized in table 1. From the signalling overhead reduction perspective, alt.3 has the best performance compared to alt.2 and alt.1. From flexibility perspective, alt.1 provides the best flexibility (the same flexibility as direct bitmap) compared to alt.2 and alt.3. Considering that maximum two sets can be configured, we prefer using alt.3 for PRB pair configuration for EPDCCH sets due to its significant signalling overhead reduction. However, if there are concerns on the corresponding flexibility, alt.1 is also a suitable choice in our view for its flexibility.
Table 1 Signaling overhead reduction between different alternatives
	   System Bandwith

Alternartives
	6 PRB pairs
	15 PRB pairs
	25 PRB pairs
	50 PRB pairs
	75 PRB pairs
	100 PRB pairs

	Baseline: Direct bitmap for all PRB pairs (total bits)
	6
	15
	25
	50
	75
	100

	Alt.1 (total bits)
	5
	15
	23
	32
	36
	40

	Size indicator
	1
	2
	2
	2
	2
	2

	Combinatorial index
	4
	13
	21
	30
	34
	38

	Overhead reduction compared to baseline
	17%
	0%
	8%
	36%
	52%
	60%

	Alt.2 (total bits)
	8
	11
	16
	21
	23
	29

	RA type 0 (RBG level bitmap)
	6
	8
	13
	17
	19
	25

	Offset in RBG
	0
	1
	1
	2
	2
	2

	Cluster size
	2
	2
	2
	2
	2
	2

	Overhead reduction compared to baseline
	-33%
	27%
	36%
	58%
	69%
	71%

	Alt.3 (total bits)
	7
	8
	9
	10
	11
	11

	Starting PRB pair index
	3
	4
	5
	6
	7
	7

	Number of clusters
	2
	2
	2
	2
	2
	2

	Cluster size
	2
	2
	2
	2
	2
	2

	Overhead reduction compared to baseline
	-17%
	47%
	64%
	80%
	85%
	89%


Proposal: The PRB pair configuration for EPDCCH sets is achieved by signaling multiple PRB pair clusters which are uniformly distributed among all PRB pairs and one PRB pair cluster consists of several contiguous PRB pairs. If there are concerns on the corresponding flexibility on scheduling, combinatorial index based indication which has the same flexibility as direct bitmap for all PRB pairs can be considered as the second choice.
2 Conclusion
In this contribution, we discuss the PRB pair configuration for EPDCCH sets and propose to:
Proposal: The PRB pair configuration for EPDCCH sets is achieved by signaling multiple PRB pair clusters which are uniformly distributed among all PRB pairs and one PRB pair cluster consists of several contiguous PRB pairs. If there are concerns on the corresponding flexibility on scheduling, combinatorial index based indication which has the same flexibility as direct bitmap for all PRB pairs can be considered as the second choice.
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