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1 Introduction

In the RAN1#69 meeting, the concept of two PRB sets was discussed and compared with ePCFICH in terms of blocking probability and resource usage, but no conclusion was reached.
In this contribution, we discuss the two PRB sets, and ePDCCH candidates and the number of blind decoding trials within each PRB set. The comparison of two PRB sets and ePCFICH is also presented. 
2 ePDCCH PRB sets
Two PRB sets are defined for ePDCCH UE specific search space. Each PRB set contains four PRB pairs. The PRB pairs for each PRB set are indicated by RRC signalling. For narrow band case, the four PRB pairs within one PRB set can overlap. 
The design should support the following type of operation:
· A PRB set (e.g. "PRB set A") only supports distributed transmission. “PRB set A” is mostly applicable in conjunction with PRB level ICIC to provide competitive performance to PDCCH. The PRB pairs in “PRB set A” are shared between multiple UEs. 
· A PRB set (e.g. "PRB set B") can be configured such that some or all ePDCCH candidates with aggregation level 1 and 2 are transmitted/detected with a more localized mapping. The remaining ePDCCH candidates are transmitted/detected with a more distributed mapping. “PRB set B” may be applicable without PRB level ICIC. The PRB pairs in “PRB set B” are assumed to be shared between less UEs than “PRB set A” or can be even exclusive to a certain UE.
When one PRB set is not used, the PRB pairs within that set can be used for PDSCH transmission. 

Proposals:

· The ePDCCH UE specific search space is configured with two PRB sets by RRC signalling. 
· Each PRB set consists of four PRB pairs. For narrow band case, the four PRB pairs can overlap.
· One PRB set supports only distributed transmission of ePDCCH.
· Another PRB set can be configured to support at least some candidates for lower aggregation levels that are transmitted/detected with localized transmission. 
3 ePDCCH search space
ePDCCH candidates within each PRB set
The individual ePDCCH candidates within one “PRB set” are defined based on certain patterns consisted from {eCCE index, aggregation level}. Figure 1 shows examples. Pattern 0 defines four aggregation level 1 candidates and four aggregation level 2 candidates. In contrast, Pattern 1 defines two aggregation level 4 candidates and one aggregation level 8 candidate. The patterns are designed such that the defined candidates do not block each other. As a consequence the blocking can be reduced when multiple UEs configured with different patterns share the ”PRB set” 

The definition of ePDCCH candidates within one pattern can be localized or distributed transmission depending on the configuration.
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Figure 1 eCCE pattern

ePDCCH blind decoding trials
The total number of blind decoding trials should be limited and split between two PRB sets.
It should be noted that in case of PDCCH, DL assignments and UL grants are configured on the same search space, which results in the same blind decoding for DCI formats 0/1A. This is suitable to keep the number of blind decoding (BD) trials small. We propose the same approach also for ePDCCH  In addition, the transmission mode specific DL DCI format and DCI format 0 candidates should be mapped/monitored on the same PRB set (FFS for on the same PRB pair) in order to reduce PRB‑pair usage for ePDCCH.
Proposals:

· The total number of ePDCCH blind decoding trials should be limited and split between two PRB sets
· DCI format 0/1A are monitored by the same BD trial

· The transmission mode specific DL DCI format and DCI format 0 are monitored on the same PRB set.

4 Two PRB sets comparing with ePCFICH
The main differences between two PRB sets approach and ePCFICH approach lie in the following aspects:
· Indication of the search space. In two PRB sets approach, the PRB pairs within each PRB set are indicated by higher layer signaling. ePDCCH candidates are configured within the indicated PRB pairs. However, in ePCFICH approach, the PRB pairs where UE blind decodes ePDCCH candidates depend on ePCFICH value. So UE needs first to correctly decode ePCFICH value, which should be transmitted on pre-configured or otherwise known time/frequency resources, then UE determines the ePDCCH candidates positions according to ePCFICH value. Therefore, it is two-step approach. Reliability of ePCFICH transmission is required. Reliable transmission of ePCFICH requires more resource.
· Resource usage. In two PRB sets approach, if one PRB set is not used, the PRB pairs within the PRB set can be used for PDSCH transmission. The identification of the PRB pairs used for PDSCH can be achieved by detection of DL assignment or by other methods, which are described in more detail in [1]. In ePCFICH approach, the UE can identify unused PRB pairs by ePCFICH.

· Blocking probability. It is assumed that the total number of blind decoding trials should be the same for two PRB sets approach and the ePCFICH approach for comparison. In two PRB sets approach, the total number of blind decoding trials is split between the two PRB sets, and one blind decoding attempt is confined to one PRB set (all RE/eREG/eCCE for one candidate are within the same PRB set). So if only one PRB set is used, the number of useful candidates as seen by the eNB is reduced, while in ePCFICH approach, the full number of blind decoding trials can be exploited at the eNB's side when preparing the ePDCCH transmission. However, an eNB would use only one PRB set is for ePDCCH transmissions when the number of UEs that are scheduled in one subframe is small, so the blocking probability should not be high. If more UEs are scheduled in the same subframe, two and more PRB sets are available at eNB side by different PRB sets configuration among different UEs . In some cases, a further trade-off between using one PRB set together with a large PDCCH region and using two PRB sets with a small PDCCH region is possible.

We compare the blocking probability performances among two PRB sets (search space) approach and one PRB set (search space) approach as follows

· Option 1 (two PRB sets per UE approach)
two PRB sets per UE
UEs in group A monitor USS#1 and USS#3
UEs in group B monitor USS#2 and USS#3
USS#3 are share by two groups
· Option 2 (one PRB set per UE approach)
one PRB set per UE
UEs in group A monitor USS#1 
UEs in group B monitor USS#2
· Option 3 (one PRB set for all UEs approach)
one PRB set per UE
all UE use one USS

The blocking probability is assumed as the probability that eNB can not allocate all UEs’ ePDCCHs in search space(s). The simulation assumptions are shown in Table 1
Table 1 simulation assumptions for Figure 1
	
	The number of 

eCCEs per a PRB set
	Aggregation level
	1
	2
	4
	8

	
	
	Probability of ALs
	10%
	60%
	20%
	10%

	Option 1
	16
	The number of BD in a PRB set
	2
	2
	2
	1

	
	
	Total number of BD
	4
	4
	4
	2

	Option 2
	24
	The number of BD in a PRB set
	4
	4
	4
	2

	Option 3
	48
	The number of BD in a PRB set
	4
	4
	4
	2
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Figure 2 
From Figure 2, the performance of blocking propability is similar among three options since the total BD number and eCCE are constant.

Figure 3 shows the blocking probability performances of option 3 (only one PRB set) with different search space size with 12PRB pairs (48 eCCE) , 8PRB pairs (32eCCE), 6 PRB pairs (24eCCEs) and 4PRB pairs (16 eCCE ). If ePCFICH is used, those search space size can be selected dynamically. 
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Figure 3

For ePCFICH usage, we used following scheduling steps
(1) eNB checks the number of UEs to be allocated in the subframe
(2) eNB selects the number of eCCEs (from 16,24,32,48) for ePDCCH based on target blocking probability

For two PRB sets per UE approach (option1), we used following scheduling steps
(1) eNB try to allocate UEs in each group in USS#1 or USS#2. 
(2) if several UEs can not be allocated on USS#1 or USS#2, eNB allocate those UEs to USS#3 
Figure 4 shows the average usage of PRB pair for ePDCCH. The number of PRB pair in PCFICH is decided based on target 10% blocking in Figure 3. For two PRB sets per UE approach (option 1), average usage of PRB pair is calculated by the probability of usage of USS#3. In case two groups are configured, totally three PRB sets are prepared and in case one group is configured, totally two PRB sets are prepared. 
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Figure 4

For the numbers of UEs in a subframe are 6 to 8, we see the option 1 can reduce the average usage of PRB pair than ePCFICH operation.
Other differences of two PRB sets approach and PCFICH approach are followings.

· CoMP 4 scenario. In CoMP case 4 type scenario, where one cell ID shared by multiple TPs/RPs, ePCFICH per cell ID does not work properly. For example, each TP/RP has simultaneous 10 UEs and 10 TP/RPs are located within a cell, ePCFICH is required to serve 100 UEs simultaneously. This is scalable design. In two sets design, the PRB sets are just different among TP/RPs. It supports scalability. Even in CoMP operation, each set can be different set by different TP/RPs. Then it smoothly supports CoMP as future compatibility. Two sets can be sent by any TP/RP without linked to specific TP/RPs. In case of ePCFICH, grouping or linking is required so that group or TP specific ePCIFICH needs to be introduced.
· Forward compatibility. ePCFICH is required to be received by all UEs after this release if UE is capable of ePDCCH. If PRB mapping or other CCE mapping is modified in future without compatibility to this release, ePCFICH is required to be transmitted twice. The forward/backward compatibility restriction is more strict if only one ePCFICH is kept in future. For two sets PRB approach, if sets are different among different releases, no forward/backward compatiblity problem exist.
· Power imbalance. In order not to add additional delay of ePDCCH decoding, ePCFICH may be located only on earlier OFDM symbols. As quite good reliability is required for all UEs in the cell, large fraction of the power is required for ePCFICH. A UE can assume that all REs assigned to PDSCH are transmitted with the same power, which is particularly important for 16-QAM and 64-QAM transmissions. This assumption means that PDSCH transmissions throughout a subframe might face a reduced power transmission in case of a boosted ePCFICH, since the ePCFICH may drain power of some PDSCH REs. This is inefficient and should be avoided.
5 Summary

This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· The ePDCCH UE specific search space is configured with two PRB sets by RRC signalling. 
· Each PRB set consists of four PRB pairs. For narrow band case, the four PRB pairs can overlap.
· One PRB set supports only distributed transmission of ePDCCH.
· Another PRB set can be configured to support at least some candidates for lower aggregation levels that are transmitted/detected with localized transmission. 
· The total number of ePDCCH blind decoding trials should be limited and split between two PRB sets
· DCI format 0/1A are monitored by the same BD trial

· The transmission mode specific DL DCI format and DCI format 0 are monitored on the same PRB set.
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