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1
Introduction

In RAN1#70bis, the following agreement was made related to the numerology of EPDCCH sets:
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

· FFS until Friday whether to include N=16 for distributed (check on Thur). 
Furthermore, in the e-mail discussion [70bis-17] following RAN1#70bis the option N=16 was ruled out. In this contribution we focus on the two remaining issues of EPDCCH PRB configuration, i.e. whether further system bandwidth related restrictions to the valid combinations of N and K should be introduced, and the exact PRB allocation signaling for the EPDCCH sets.
2
Discussion
As mentioned, one open issue is whether further system bandwidth related restrictions to the valid combinations of N and K should be introduced. It was already agreed that N=8 is not supported when system bandwidth is <8 PRBs. In our view the same restriction could be also agreed for example for system bandwidths of up to 26 PRBs: For instance with a 5 MHz / 25 PRB bandwidth, one set with 8 PRB pairs would already mean a much higher overhead than the maximum PDCCH overhead. Since there is anyway a possibility to UE-specifically configure two EPDCCH sets, N=8 seems not needed at the smallest bandwidths.

It seems also quite clear that at large bandwidths the value N=2 is not needed; hence it seems a further restriction could be made to at least restrict that it is not possible to configure N=2 at for instance system bandwidths larger than 26 PRBs. However, it seems beneficial to still enable two different N values for each bandwidth to allow some flexibility in the configuration (except perhaps for 6 PRB bandwidth). Hence our proposal would be as follows:
Proposals:

· For system bandwidths <=26 PRBs, valid values of N are N={2,4}.
· For system bandwidths >26 PRBs, valid values of N are N={4,8}.

Once the possible values of N are agreed, the remaining question is how to signal the EPDCCH PRB configuration to the UE. While full flexibility in the PRB allocation may not be needed, at least the following aspects should be considered in the PRB configuration signaling:
· The resource allocation scheme should enable EPDCCH resource reuse for PDSCH, which means a resource allocation scheme compatible with that of PDSCH is desired.
· The resource allocation scheme should enable uniform spacing of resources in frequency to provide frequency diversity for distributed EPDCCH and frequency-selective scheduling gains for localized EPDCCH.
· The resource allocation scheme should enable also allocation of adjacent PRBs for EPDCCH. For instance in case of localized EPDCCH, one candidate may span 2 PRB pairs.
In RAN1#70bis, some resource allocation solutions were mentioned and they can be divided roughly into three categories:

· Scheme#1: PRB-based solution, see e.g. [1]

 REF _Ref339547448 \r \h 
[2]. The advantage of such a solution is full flexibility in PRB pair selection, but the disadvantage is also obvious as the signalling overhead is huge. For instance, to select 8 distributed PRB pairs in 20MHz bandwidth with method in [1], 56 bits are required per EPDCCH set (not taking into account that N also needs to be indicated). Obviously such flexibility is not even needed considering the aspects listed above; hence the overhead is clearly excessive.
· Scheme#2: RBG-based solution, see e.g. [3]

 REF _Ref339547799 \r \h 
[4]. Compared with a PRB-based solution, overhead can be reduced and the allocation is compatible with that of PDSCH, i.e. EPDCCH PRB allocation can be easily aligned with RBG boundaries. The method in [3] is a bitmap of allocated RBGs which is same as the existing resource allocation type 0. With this approach, additional signalling would need to be introduced to further indicate selected PRBs within the allocated RBG(s). While such an approach would seem to fulfil all the aspects listed above, there may still be too much flexibility with respect to what is actually needed as in practice the EPDCCH RBGs would be uniformly distributed over the system bandwidth, and only N={2,4,8} PRB pairs may be allocated.
· Scheme#3: PRB cluster-based solution, see e.g. [5]. Compared with scheme#1, PRB clusters are formed, and restriction is introduced to reduce signaling overhead. For instance in [5], it is required that the clusters are equally spaced and that in each cluster continuous/adjacent PRBs are allocated. With this scheme it is not obvious if the allocation is necessarily aligned with RBG boundaries, possibly making the scheduling of PDSCH and resource reuse for PDSCH more complex. 
To make the EPDCCH resource allocation compatible with PDSCH resource allocation (alleviating the complexity in scheduling and resource reuse for PDSCH) and to increase signaling efficiency, in our view a solution similar to scheme#2 is preferred, i.e. the used RBGs are indicated and in addition, a bitmap of RBG-size bits is used to indicate the PRBs within each RBG (same for each RBG). The bitmap for PRB indication in allocated RBGs allows adjacent PRB allocation which is desired for localized EPDCCH transmission when a localized candidate can span multiple PRB pairs.
However, the RBG indication does not have to be a bitmap necessarily, considering that the values of N for each bandwidth are limited, and that in practice the RBGs would be roughly equally spaced. One appealing alternative would be to introduce pre-defined RBG selection patterns. Each RBG pattern may for instance have a pre-defined number of RBGs with a spacing that is a function of system bandwidth (total number of RBGs) and number of RBGs.

For example, for 3MHz bandwidth, NRBG=8, and RBG size is 2 PRB pairs. As we proposed, in this case values N={2,4} are allowed, and hence the allowed numbers of RBGs that can be allocated are M={1,2,4}. In such a case, by further introducing the restriction of equally spaced RBGs in frequency, we can get the allowed RBG selection patterns as shown in Table 1. 
From the received RBG pattern index the UE can easily derive the selected RBGs by comparing the index with the values of K1 =NRBG, K2 =K1 + NRBG /2, K3 = K2 + NRBG /4 (in the previous example). In this case, according to the previous example, if the received index is 9 at UE side which satisfies K1 <9< K2, the UE can derive that 2 RBGs are allocated with spacing of NRBG /2, and the first allocated RBG is (9- K1)=1. Compared with the full bitmap indication for RBG (RA type 0), signaling can be significantly reduced, especially for large bandwidths as shown in Table 2 below. In this table it is assumed that M={1,2,4} equally spaced RBGs can be selected for bandwidths<=26PRBs, M={2,4,8} equally spaced RBGs can be selected for bandwidths<=63 PRBs, and M={1,2,4,8} equally spaced RBGs can be selected for bandwidths<=110 PRBs.
Table 1. An example of RBG selection pattern indexing for 3 MHz bandwidth (8 RBGs).
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Table 2. Overhead comparison of RBG indication signalling schemes.

	BW (PRBs)
	NRBG
	RBG size
	RBG bitmap (bits)
	RBG selection index (bits)

	6
	6
	1
	6
	4

	15
	8
	2
	8
	4

	25
	13
	2
	13
	5

	50
	17
	3
	17
	4

	100
	25
	4
	25
	6


Proposals:
· The resource allocation signalling consists of two parts, one part for indication of RBGs, and another part with a bitmap of RBG-size bits for indication of PRB pairs within each RBG.

· The PRB pairs shall be the same in each allocated RBG. 
· Consider introducing restrictions on allowed number of selected RBGs and frequency spacing of selected RBGs to reduce RBG indication signalling overhead.
3
Conclusions
In this contribution we have discussed the remaining details of EPDCCH PRB configuration, in particular further system bandwidth related limitations to possible values of N, and the exact PRB allocation signaling. Our proposals are summarized as follows.

Proposals: 
· For system bandwidths <=26 PRBs, valid values of N are N={2,4}.
· For system bandwidths >26 PRBs, valid values of N are N={4,8}.

· The resource allocation signalling consists of two parts, one part for indication of RBGs, and another part with a bitmap of RBG-size bits for indication of PRB pairs within each RBG.

· The PRB pairs shall be the same in each allocated RBG. 

· Consider introducing restrictions on allowed number of selected RBGs and frequency spacing of selected RBGs to reduce RBG indication signalling overhead.
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