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1. Introduction

During RAN1 #70bis, several agreements were achieved with respect to the EPDCCH search space (SS) configuration in Rel-11. According to [1] the following agreements were reached. 

· Agreement:
· 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). 

· According to RAN1 email reflector [70bis-17], no consensus to include N=16.

· Conclusion: No consensus to introduce RRC signalling for configuration selection. 
However, the details for blind decoding candidates construction for the localized and distributed EPDCCH search space are still open and yet to be defined. In this contribution, we present our view on the detailed localized and distributed search space design. The other relevant issues like ECCE-to-EREG mapping, number of BD candidates in each supported AL, and BD candidates split to different configured EPDCCH-PRB sets, are discussed in the companion contributions [5] [6] [7]. 
2. Localized EPDCCH search space design
In this section, the localized EPDCCH search space design is investigated in detail. It is envisioned that the localized EPDCCH-PRB set, which aims at the frequency selective scheduling gain and beamforming gain, may be configured to a UE in the case of reliable and detailed subband CSI being available at the eNB. The localized SS design should enable UE to achieve these gains with a reasonable probability. In another words, the SS should be designed so as to incorporate multiple candidates at a given aggregation level with different channel conditions to as a large extend as possible, meanwhile the blocking probability of all these candidates from being scheduled should be kept at a relatively low level. To this end, the subsequent design criteria seem to be appropriate.

Proposal 1: At a given aggregation level, different localized EPDCCH candidates should be distributed to different PRB pairs, to as a large extend as possible, of the configured EPDCCH-PRB set. 
Proposal 2: The starting points of USS for EPDCCH in each configured set are derived by reusing the mechanism employed in PDCCH.

The proposal 1 enables the frequency selective scheduling for localized EPDCCH. The proposal 2 aims to reduce the persistent blocking of the BD candidates among different UEs.

Moreover, to reduce the control resource overhead, it was also agreed that the configured localized and distributed EPDCCH-PRB sets can be partially or fully overlapped. With this feature in mind, the localized and distributed SS should be designed in a friendly coexistence manner. As such, we have the following design target.
Design target: The multiple localized BD candidates at a given aggregation level, distributed over different PRB pairs, should overlap with different distributed EPDCCH candidates.

The above design target prevents all the localized BD candidates at a certain aggregation level from being blocked by only a few distributed candidates. 

In RAN1#70bis, the above Proposals 1 and 2 are suggested by many companies such as [2] [3] and [4], however, the design target was not considered by most of companies. As a result, two localized SS methods were mainly proposed in RAN1#70bis as follows.

Method 1: The localized SS design based on Proposals 1 and 2.

Method 2: The localized SS design based on Proposals 1, 2 and the above design target.
This contribution proposes the Method 2 as an extension of [2] over the Method 1. We compare two methods by some simulation results on the blocking probability to demonstrate the benefit of the design target. 
Some examples of localized SS at different ALs based on Method 1 and the assignment procedure explained in detail in Annex 1 of Method 2 are illustrated in Figs. 2-5. To show the difference between above two approaches, those red BD candidates in the Figs 2-5 are associated with the SS derived from the Method 2 while the orange BD candidates the SS from the Method 1. It should be noted that the proposed localized SS design is based on the localized and distributed ECCE-to-EREG mapping and the method of construction of higher aggregation level candidates detailed in [5], where a distributed ECCE is overlapping with the same EREG group in different PRB pairs according to the relevant agreements in [1]. It means each distributed ECCE, which is not shown in the Figs2-5, will be allocated vertically in the Figs 2-5, whereas the localized BD candidates at a given aggregation level are placed diagonally in the localized EPDCCH candidates map.    
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Figure 2 Localized AL1 search space for N = 4 and 4 EREGs per ECCE (4 localized ECCEs per PRB pair)
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Figure 3 Localized AL2 search space for N = 4 and 4 EREGs per ECCE (4 localized ECCEs per PRB pair)
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Figure 4 Localized AL4 search space for N = 4 and 4 EREGs per ECCE (4 localized ECCEs per PRB pair)
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Figure 5 Localized AL8 search space for N = 4 and 4 EREGs per ECCE (4 localized ECCEs per PRB pair)

It is shown in Figs 4 and 5 that both SSes of high aggregation levels are same due to the fact that each BD candidate spans over 1 or 2 PRB pairs. However, the SSes of low aggregation levels in Figs 2 and 3 are different. In the example shown in Fig 2, 4 BD candidates of Method 1 can be blocked by a single distributed ECCE which overlaps the 1st localized ECCE in each PRB pair in the configured EPDCCH-PRB set, whereas a single distributed ECCE can block at most 2 BD candidates of Method 2. 
As such, it is envisioned that the localized EPDCCH SS created by the Method 2 would have a lower blocking probability due to the coexisted distributed EPDCCH than that generated by the Method 1. Some blocking probability simulation results are presented in Appendix 2, where the Methods 1 and 2 are compared. It is shown from Figs 6-9 that the blocking probability for the Method 2 is lower compared to the Method 1. Therefore we propose the above design target to be adopted:
Proposal 3: The multiple localized BD candidates at a given aggregation level, distributed over different PRB pairs, should overlap with different distributed EPDCCH candidates.
3. Distributed EPDCCH search space design
The distributed EPDCCH-PRB set may be configured to a UE when the eNB does not have the reliable and detailed subband CSI of the UE. In addition to the frequency/interference diversity thanks to the distributed transmission, the Per-RE based precoding alternating is employed by the distributed EPDCCH to achieve spatial diversity. To alleviate the blocking probability, the following principles seem to be appropriate for the distributed EPDDCH SS design.

Proposal 4: The set of distributed BD candidates at a given aggregation level should overlap with different localized ECCEs as much as possible.
The Proposal 4 aims to avoid several distributed BD candidates being blocked by a single localized ECCE. The Proposal 2 used for the localized EPDCCH is also applicable to the distributed EPDCCH so that it is not repeated in this section. 
Based on the above principle, the distributed ECCE-TO-EREG mapping, and especially the distributed ECCE numbering scheme detailed in [5], the distributed EPDCCH SS can be obtained by the similar mechanism as the PDCCH SS in Rel-8. For example, the mth distributed BD candidate CCHm,L at the AL L is comprised of the following distributed ECCE after the ECCE index permutation described in Proposal 2 of [5]:
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. The permutation operation and the assumed ECCE indexing guarantee that consecutive candidates are located in different EREG groups and also that the higher aggregation level candidates are located within a single EREG group whenever possible. This way, the search space contains consecutive BD candidates CCHm,L, 
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Proposal 5: The distributed EPDCCH search space shall be constructed as the Rel-8 PDCCH search space, with the replacement of 
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4. Conclusion
In this contribution, we discuss the remaining details with respect to user specific search space of EPDCCH. Based on the discussions and considerations in this document, we propose that RAN1 considers the following proposals for the search space design for approval:
Proposal 1: At a given aggregation level, different localized EPDCCH candidates should be distributed to different PRB pairs, to as a large extend as possible, of the configured EPDCCH-PRB set. 
Proposal 2: The starting points of USS for EPDCCH are derived by reusing the mechanism employed in PDCCH.

Proposal 3: The multiple localized BD candidates at a given aggregation level, distributed over different PRB pairs, should overlap with different distributed EPDCCH candidates.

Proposal 4: The set of distributed BD candidates at a given aggregation level should overlap with different localized ECCEs as much as possible.
Proposal 5: The distributed EPDCCH search space shall be constructed as the Rel-8 PDCCH search space, with the replacement of 
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Annex 1. Localized EPDCCH search space assignment   

The localized EPDCCH SS illustrated in Figs 2-5 can be obtained by the procedure described in this section. The following definitions are needed in the subsequent SS assignment procedure:
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The following procedure can be used to generate 
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 localized BD candidates at the aggregation level
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. It should be noted that the output of the following procedure is the BD candidate index of the generated SS. The BD candidate numbering is defined in the companion contribution [5], where CCHm,L denotes the m-th candidate on aggregation level L.
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Annex 2. Simulation results

In order to compare the blocking probability performance of the Method 1 and 2 due to the coexisted distributed EPDCCH, we have simulated the blocking probability and the CDFs of the first and the second blocked UE priority index. The simulation parameters are listed in Table 1.

Table 1 Simulation parameters

	Simulation parameter
	Value

	Number of PRB pairs in the EPDCCH-PRB set
	4

	The aggregation levels
	{1, 2, 4, 8}

	The number of BD candidates in 4 ALs
	{6, 6, 2, 2}

	The probability distribution for the four ALs 
	{0.6, 0.2, 0.15, 0.05}


In each subframe, one or two distributed ECCEs are randomly allocated in the EPDCCH-PRB set first, then the localized EPDCCH for each UE, with a random selected AL according to the PDF shown in Table 1, is scheduled based on the search space described in Figs 2-5. 
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Figure 6. The CDF of the first blocked UE priority index.
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Figure 7. The CDF of the second blocked UE priority index.
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Figure 8. Blocking probability (UEs are scheduled in a round-robin manner)
As shown in Figs. 6-8, the Method 2 always outperforms the Method 1 in terms of blocking probability. It should also be noted that the blocking probability is dramatically increased due to the occurrence of distributed EPDCCH in the configured localized EPDCCH-PRB set. As such, to have a more reasonable blocking probability in the case when the localized and distributed EPDCCH-PRB sets are overlapped, it may require some explicit division mechanism within the EPDCCH-PRB set.
� EMBED Equation.3 ���


if � EMBED Equation.3 ��� 


    � EMBED Equation.3 ��� 						/* j is the PRB index


    � EMBED Equation.3 ���				/* i is the BD candidate index within the selected PRB


    for m = 1 :� EMBED Equation.3 ���


        � EMBED Equation.3 ���;			/* the mth BD candidate in the localized SS at the aggregation level L


        � EMBED Equation.3 ���;				/* determine the PRB index for the next BD candidate


        � EMBED Equation.3 ���;			/* determine the candidate index within the PRB for the next BD 


/* candidate.


        if � EMBED Equation.3 ��� /* If the next candidate is already selected previously.


            � EMBED Equation.3 ���;			/* select the candidate with the same determined local index in the 


/* next PRB.


        end


    end


else


    � EMBED Equation.3 ���


end
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