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1 Introduction
In RAN2#79bis meeting, L1 EPDCCH parameters were discussed briefly. However, due to many open issues in RAN1, this discussion was postponed to the next meeting.  RAN1 has recently progressed in agreements on EPDCCH parameters. The agreements are captured in the LS R1-124762 [1]. 

In this contribution, we discuss different solutions for how to signal EPDCCH resources, i.e., the PRB pairs in the RRC specification. Other signalling aspects of EPDCCH are outside of the scope of this contribution.
2 Background
As given in [1] as well as in R1-124761 [2], EPDCCH resource configuration consists of the following elements:
· Each UE can be configured with K (1 ≤ K ≤ 2) EPDCCH sets (TS 36.213 9.1.4). An EPDCCH set is defined as a group of N PRB pairs. The RRC configuration for each EPDCCH set consists of the following information:
· A group of N PRB pairs, to indicate which N PRB pairs are used for the EPDCCH set

· 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

· Note that the K sets do not have to all have the same value of N

· The PRB pairs in different EPDCCH sets can be fully overlapped, partially overlapped, or non-overlapping.

· The details of the signaling (e.g. whether to use bitmap or another resource allocation type) are still under discussion in RAN1.

As discussed in [3], we believe that a detailed signaling solution for EPDCCH resources can be decided in RAN2. RAN2 has the best knowledge of overhead and complexity introduced with each solution.

3 Signalling of ePDCCH resources
3.1 Alternatives

In this section we discuss different signalling alternatives for ePDCCH resource usage.
Alternative 1: Bitmap solution
In [1], a bitmap based solution for ePDCCH resources was proposed. In that solution, for each EPDCCH resource set, there is a bitmap which size corresponds to the number of the number of RBs in the system bandwidth. This signalling solution does not depend on parameter N, i.e., how many PRB pairs there are in the EPDCCH set. For example, with K = 2, and system bandwidth 100 RBs, this solution requires 200 bits.
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Alternative 2: Index based solution

In this solution, an index for each PRB pair in a group is given. If the system bandwidth is 100 RBs, RBs can be indicated with 7 bits, if the system bandwidth is 50 PRBs, RBs can be indicated with 6 bits and, finally, if the system bandwidth is 25 RBs, RBs can be indicated with 5 bits. Then the total amount of bits for each EPDCCH set depends on the selected N which can have values 2, 4, or 8.   
EPDCCH-PRB-set-r11 ::= SEQUENCE (SIZE (numberOfPRBPairs))  OF ResourceBlockIndex

numberOfPRBPairs ::= ENUMARATED {n2, n4, n8};

ResourceBlockIndex ::= INTEGER (0..nrof_RBs-1)
Alternative 3: Optimized signalling
This solution utilizes the same solution as is used to signal PRBs for aperiodic CSI reporting on PUSCH in TS 36.213. The idea is to select N resource blocks out of NRB resource blocks using binomial coefficients. The number of bits needed to signal N selected resource blocks over set of NRB resource blocks is 
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3.2 Comparison
In Figure 1, the signalling overhead of each solution is depicted for different system bandwidths. From the figure it can be seen that when the system bandwidth is small and N is big, the bitmap based solution works fine. However, as the system bandwidth increases, the overhead in that solution also increases. The overhead from the bitmap is significant especially when N is small.
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Figure 1. The overhead of signalling two EPDCCH sets with different system bandwidths

As a conclusion, the index based solution is simpler than the optimized solution using binomial coefficients, but still provides reasonable performance in terms of signalling overhead. Thus it is preferable.

Proposal 1 Introduce index based solution to indicate PRB pairs for the EPDCCH set 

4 Conclusion
In this contribution, we have studied different signaling approaches for EPDCCH sets and made the following proposal:

Proposal 2 Introduce index based solution to indicate PRB pairs for the EPDCCH set
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