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1 Introduction

After some fruitful discussions at the RAN1#70 meeting, substantial progress has been achieved on the details of EPDCCH search space [1]:

· 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. 

The detailed numbers of K and N are further discussed at the RAN1#70bis meeting, and the following agreements have been achieved [2]:

· 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

However, there are still some open issues to be resolved. One of the important remaining aspects is the details of resource configuration for EPDCCH, i.e. indicating the configured PRB pairs for the UE specific search space (USS), as stated in [3]. In this contribution, we provide our considerations on this issue.
2 Discussion
2.1 Size of EPDCCH set
It has been agreed that the size of PRB pairs for EPDCCH is equal to {2, 4, 8}. Additionally, N=8 is not supported when the system bandwidth is smaller than 8 PRB pairs. Generally speaking, larger EPDCCH set offers better frequency diversity and potentially larger frequency selective scheduling gain. On the other hand, larger EPDCCH set may result in a larger overhead. As a result, some of the candidate values of N seem to be less meaningful in specific system bandwidth configurations. Thus, further restrictions on the value of N would be beneficial, especially considering the blind decoding design for EPDCCH search space.
The case of N=2 was introduced, in order to ensure the efficiency of resource usage in a small bandwidth system which has, e.g. 6 PRBs. However, for a larger system bandwidth, e.g. 25PRBs, frequency diversity order of four is desirable [4][5], which however is not achievable with N=2. Thus, it seems less meaningful to support N=2 for larger system bandwidth.
A typical deployment usually employs three PDCCH symbols in normal CP, which corresponds to a downlink control channel overhead of around 21%. For the smallest system bandwidth, up to four PDCCH symbols are supported, which corresponds to an overhead of around 28%. Therefore, a reasonable threshold of system bandwidth supporting N=2 can be 8 PRBs, which corresponds to an overhead of 25%, a case similar to that of the PDCCH. Furthermore, a threshold of 8 PRBs means that it is not necessary to support N=2 and N=8 at the same time, which simplify the design on splitting blind decoding between EPDCCH sets.
Proposal 1: The option of N=2 is not supported for EPDCCH in systems configured with small system bandwidth, e.g. < 8 PRBs.
2.2 PRB pairs configuration for EPDCCH
According to the agreed RRC parameter list [3], each UE can be configured via RRC signaling with maximum two EPDCCH sets. Further, the PRB pairs for each EPDCCH set are also configured by RRC signaling. However, the detailed signaling to indicate the PRB pairs for each EPDCCH set has not yet been decided. There are basically two alternatives:
1) Alt-1: Resource allocation types 0, 1, and 2, or

2) Alt-2: A bitmap based approach.

The resource allocation types 0, 1, and 2, instead of a simple bitmap, have been defined for PDSCH since Rel-8, which provide a good tradeoff between the flexibility of resource assignment and the relevant signaling overhead. Such a resource allocation mechanism was also adopted for R-PDCCH resource configuration since Rel-10 [6]. Although it may seem to be straightforward to reuse the same resource allocation scheme for EPDCCH, it is worth noting that such a scheme has some inevitable restrictions. Moreover, there are significantly different characteristics between R-PDCCH and EPDCCH, such as the RE mapping rules and aggregation level settings, etc.
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Fig. 1: EPDCCH resource allocation example for N=4.
It has been agreed that the size of PRB pairs for EPDCCH is equal to {2, 4, or 8} [2]. Fig. 1 show a typical use case of EPDCCH with configuration of N=4. The resource allocation scheme of Alt-1 may have some problem for this provision.
First, recall that the RA-0 scheme assigns the resource blocks in a per RBG manner. However, the size of RBG is fixed according to the system bandwidth, as specified in [7]. More specifically, if the system bandwidth is larger than 10 PRBs, the RBG size will be greater than 1 PRB. This implies that in a large bandwidth system a per-PRB manner EPDCCH resource allocation is not possible for RA-0, which does not align with the requirement of supporting some typical EPDCCH resource allocation, e.g. the example illustrated in Fig. 1.
The RA-1 scheme, on the other hand, supports the possibility of assigning a single RB to UE. Unfortunately, only one RB per subset can be assigned, which is not sufficient for localized EPDCCH with higher aggregation level. Moreover, it cannot span the whole system bandwidth, making it less attractive for distributed EPDCCH transmission.
The RA-2 scheme seems less useful for EPDCCH resource allocation, as the ability of assigning a large amount of contiguous RB is not suitable for EPDCCH.
Consequently, Alt-1 is not preferable for EPDCCH resource allocation.

Proposal 2: The Rel-8 resource allocation types 0, 1, and 2 are not adopted for EPDCCH resource configuration.
In contrast, Alt-2 provides much more flexibility for EPDCCH configurations. Nonetheless, some concerns were raised on the signaling overhead. This aspect is important for dynamic PDSCH resource allocation, as the allocation grant is transmitted in every subframe. However, the resource configuration for EPDCCH region is semi-static and not expected to be updated frequently. Moreover, as at most two EPDCCH sets can be configured to a UE, it means that the overhead may not be a severe issue, especially for small system bandwidth. Therefore, Alt-2 seems to be preferable, as it is more flexible than Alt-1 yet is efficient enough for the EPDCCH search space configuration.
Proposal 3: The PRB pair configuration for EPDCCH is provided by a simple bitmap based solution, at least for small system bandwidth.
If it is indeed a concern on the signaling overhead, some possible enhancements to Alt-2, especially for large system bandwidth, can be considered. Instead of assigning arbitrary PRBs in the whole bandwidth for EPDCCH set, an assignment with fixed offset between the PRB pairs can be employed to reduce the overhead. For instance, the system bandwidth is divided into four subbands, and a single bitmap with each bit addressing a PRB of one subband is configured to the UE. Setting one single bit in the bitmap assigns four PRBs, each from one subband, in the system bandwidth. A fixed offset is applied between the PRBs from one subband to the next. One or two bits can be set, corresponding to 4 or 8 PRBs per EPDCCH set. An example is illustrated in Fig. 2, where the size of each subband is of 
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Fig. 2: Resource allocation for EPDCCH using subband based bitmap.
With the sub band based bitmap allocation, up to 75 bits can be saved for each configured EPDCCH set (i.e. in the case of 20MHz bandwidth). Therefore, such kind of enhancement seems to be beneficial in large bandwidth systems.
Proposal 4: The subband based bitmap approach for EPDCCH resource allocation can be considered for large system bandwidth (e.g. at least for system bandwidth larger than 25 PRBs).
3 Conclusion

In this contribution, we provide our views on the detailed design on the resource configuration for EPDCCH USS. Based on the discussions, we propose that:
Proposal 1: The option of N=2 is not supported for EPDCCH in systems configured with small system bandwidth, e.g. < 8 PRBs.
Proposal 2: The Rel-8 resource allocation types 0, 1, and 2 are not adopted for EPDCCH resource configuration.
Proposal 3: The PRB pair configuration for EPDCCH is provided by a simple bitmap based solution, at least for small system bandwidth.
Proposal 4: The subband based bitmap approach for EPDCCH resource allocation can be considered for large system bandwidth (e.g. at least for system bandwidth larger than 25 PRBs).
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