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1. Introduction

In RAN1 #70 meeting, the E-PDCCH design aspects were discussed with the following agreements [1]:
Agreements:
· 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. 

· Note that excessive configurations should be avoided. 

· Note that the details of the second subbullet are dependent on the conclusions on eREG definition. 

· Note that it may be possible to forbid certain combinations of N and K

· Note that the used values of N and K may depend on the system bandwidth. 

In this contribution, we share our views on the possible number of PRB pair used for an E-PDCCH set, and methods on E-PDCCH resource configuration.
2. Possible number of PRB pairs in a E-PDCCH set

In RAN1 #70 meeting, the E-PDCCH set is defined as a group of N PRB pairs, and the work assumption for E-PDCCH set size is as follows:
· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …}
For N=1, an E-PDCCH set is composed by one PRB pair, in this case only localized transmission is possible. However, frequency selective scheduling can only be possible when a UE is configured with multiple E-PDCCH sets, i.e. K>1, which is equivalent with configuring only one E-PDCCH set with N>1. From the perspective of multiplexing E-PDCCH and PDSCH, it is also not clear to us the motivation for N=1, since even in case of N>1, PDSCH can be scheduled on the PRB pairs not used for actual E-PDCCH transmissions within the N PRB pairs. Therefore, N=1 should not be supported.
For N=16, we understand the motivation to improve the reliability of distributed E-PDCCH transmissions. However, we don’t think it should be supported based on the following considerations
· The additional diversity gain by increasing N value from 8 to 16 is expected to be less attractive as from N=4 to N=8. 
· The reliability of distributed E-PDCCH transmission can also be guaranteed with combination of N=8 and higher aggregation levels, e.g. 16 or 32. 
· Distribute a DCI to a very large number of PRB pairs can result in more segmentations on PDSCH PRB pairs which is not preferred
· Distribute a DCI to a very large number of PRB pairs can result in higher E-PDCCH overheads especially when only few UEs are configured with distributed transmissions.
Therefore, we propose that N=2, 4 or 8 PRB pairs shall be supported for each E-PDCCH set. N=2 can be used in small system bandwidth, e.g. 1.4MHz.
Proposal 1: An E-PDCCH set shall be configured with N=2, 4 or 8 PRB pairs.
3. E-PDCCH set resource indication
In order to obtain the frequency selective scheduling gain for localized transmission and frequency diversity gain for distributed transmission, it is beneficial to configure the N PRB pairs of a E-PDCCH set in the manner of multiple distributed PRB clusters [2]. For example N=8 PRB pairs are configured as 4 PRB clusters each of which contain 2PRB pairs. And each E-PDCCH cluster can contain one or several contiguous PRB pairs which is beneficial for localized transmissions. Based on these considerations, two options to allocate the N PRB pairs within a E-PDCCH set can be considered as the following
· Option 1: Higher layer signaling explicitly signal the all the PRB pairs with a bitmap manner, which may include following parameters. In this option, the value of N is not explicitly indicated by higher layer signaling. Figure 1 shows the definitions of option 1. 
· RBG bitmap: RA type 0 is used to indicate the PRB pairs allocated for each E-PDCCH set with RBG granularity 

· RBG offset:  a RBG offset is used to indicate the starting PRB pair in a cluster. RBG offset is depended on the RBG size.
· Cluster size: an E-PDCCH cluster size is used to indicate the number of PRB pairs within an E-PDCCH cluster.
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Figure 1: RBG bitmap based method(option 1)
· Option 2: Higher layer signaling explicitly signal the N value, number of clusters, starting PRB pair index of a cluster, others PRB pairs for the E-PDCCH set are implicitly derived.
· A starting PRB pair index: A starting PRB pair index (starting_position_0) is indicated as the starting PRB pair for the first E-PDCCH cluster.
· E-PDCCH size: the N value, i.e. 2, 4 or 8 PRB pairs
· Number of clusters within a E-PDCCH set: 2, 4 or 8 clusters can be configured for each E-PDCCH set, so that size of each cluster can be calculated
cluster size = E-PDCCH_set_size/ number_of_clusters
With the above information in option 2, all the PRB pairs of E-PDCCH clusters other than the 1st one can be implicitly derived by assuming multiple E-PDCCH clusters are mapped with equally distributed frequency intervals in the system bandwidth from the 1st cluster. The frequency interval can also be determined by the system bandwidth and the number of E-PDCCH clusters:
Frequency_interval (PRB pairs)= ceil(Bandwidth/ number_of_ clusters)
Therefore the starting PRB index of E-PDCCH cluster i is determined by 
Starting_position_i = starting_position_0+i* frequency_interval

The starting_position_0 can be limited into the first several PRB pairs within a frequency interval, so that the signaling overhead can be reduced significantly. Figure 2 shows the definitions of option 2.

[image: image2.emf]E-PDCCH cluster 3

E-PDCCH cluster 2

E-PDCCH cluster 0

E-PDCCH cluster 1

Starting PRB position  0 

Cluster_size = E-PDCCH_set_size/cluster_number

Frequency interval

Starting PRB position  1 

Starting PRB position  2 

Starting PRB position  3 


Figure 2: starting position based method(option 2)
We assume that 4 possible values of N are supported (2, 4, 8 or possibly 16), therefore in option 2 the indicating or the starting PRB index of the 1st cluster can be limited to the half system bandwidth. The signaling overhead is compared between option 1 and option 2 in table 1, which shows significant overhead reduction is achieved by option 2, especially in larger system bandwidth. We see the overhead reduction is meaningful since multiple E-PDCCH sets (K= 2, 3, 4 or even 6) may be configured for a UE.
Table 1: signaling overhead comparison between option 1and option 2
	                   System bandwidth
RA method
	6 PRB
	15 PRB
	25 PRB
	50 PRB
	75 PRB
	100 PRB

	Option 1 (total bits)
	8
	11
	16
	21
	23
	29

	RA type 0
	6
	8
	13
	17
	19
	15

	RBG offset
	0
	1
	1
	2
	2
	2

	Cluster size
	2
	2
	2
	2
	2
	2

	Option 2 (total bits)
	6
	7
	8
	9
	10
	10

	Starting PRB pair position 
	2
	3
	4
	5
	6
	6

	E-PDCCH set size
	2
	2
	2
	2
	2
	2

	cluster number/cluster size
	2
	2
	2
	2
	2
	2

	Overhead saving by option 2
	25%
	36%
	50%
	57%
	57%
	66%


Based on the above analysis, we propose that option 2 should be adopted.
Proposal 2: The N PRB pairs within an E-PDCCH set shall be configured with a manner of multiple distributed PRB cluster and each cluster contain one or multiple contiguous PRB pairs. The PRB pairs within an E-PDCCH set shall be determined with equal frequency interval according to the higher layer signaled starting PRB pair index of the 1st cluster (starting_position_0), the value of N and number of E-PDCCH clusters. 
· The number of each PRB cluster is given by:
cluster size = E-PDCCH_set_size / number_of_clusters
· The starting PRB pair index of the ith cluster is derived by 
Starting_position_i = starting_position_0+i* frequency_interval

· Where the frequency interval between clusters is derived by 

Frequency_interval= ceil(Bandwidth / number_of_clusters)
Another issues is whether the configured E-PDCCH PRBs applies to all the downlink subframes, since in different subframes a PRB pair may contain different number of eCCEs according to the following agreements we made in RAN1#70.
· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

Problem may arise when a same number of PRB pairs are configured and applies to all the downlink subframes that UE is required to monitor E-PDCCH. Take TDD system as an example, a PRB pair in a normal subframe can contain resources for 4 eCCEs but 2 eCCEs in a special subframe (e.g. SSP configuration 9) and in both subframe types a UE is required to decode the same set of aggregation levels. One can configure number of E-PDCCH PRB pairs (e.g. N = 4) according to the required PRB pair in a normal subframe by the highest supported aggregation level (e.g. AL=16), however, in a special subframe the supported highest AL can be only half of that in normal subframes (e.g. AL =8 since 4 PRB pairs in a special subframe only provide 8 eCCEs). Or one can configure more PRB pairs according to the need for supporting highest AL in special subframe, but the resources configured in normal subframes may be overbooked and wasted when distributed transmission is used. The same problem also exists in FDD system due to the varied available REs for E-PDCCH in different downlink subframes. We therefore suggest RAN1 to discuss how to handle the E-PDCCH PRB pair allocation due to the varied available REs for E-PDCCH transmissions in different downlink subframes. One possible way is to determine the number of E-PDCCH PRB pairs also considering subframe types.
Proposal 3: Suggest RAN1 to discuss how to handle the E-PDCCH PRB pair allocation due to the varied available REs for E-PDCCH transmissions in different downlink subframes.
4. Conclusions

In this contribution, we share our views on the configuration of PRB pairs for an E-PDCCH set. Particularly, we have the following proposals:
Proposal 1: An E-PDCCH set shall be configured with N=2, 4 or 8 PRB pairs.
Proposal 2: The N PRB pairs within an E-PDCCH set shall be configured with a manner of multiple distributed PRB cluster and each cluster contain one or multiple contiguous PRB pairs. The PRB pairs within an E-PDCCH set shall be determined with equal frequency interval according to the higher layer signaled starting PRB pair index of the 1st cluster (starting_position_0), the value of N and number of E-PDCCH clusters. 
· The number of each PRB cluster is given by:

cluster size = E-PDCCH_set_size / number_of_clusters
· The starting PRB pair index of the ith cluster is derived by 
Starting_position_i = starting_position_0+i* frequency_interval

· Where the frequency interval between clusters is derived by 

Frequency_interval= ceil(Bandwidth / number_of_clusters)
Proposal 3: Suggest RAN1 to discuss how to handle the E-PDCCH PRB pair allocation due to the varied available REs for E-PDCCH transmissions in different downlink subframes.
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