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1. Introduction

At the RAN1 #70 meeting, most companies presented their views on the search space design for the Enhanced PDCCH(EPDCCH) and fair degree of agreements was achieved regarding the monitoring of the PDCCH and EPDCCH, monitoring of localized transmission and/or distributed transmission and the configuration of multiple sets:
·  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.
In previous meetings, we shared our position on the search space design of the EPDCCH applying distributed transmission [1], [2]. Considering the unique features of the EPDCCH localized transmission, in this paper, we present the search space design for localized transmission that can exploit the frequency-selective scheduling gain.
2. Discussion on the Search Space Design of EPDCCH Localized Transmission
The localized EPDCCH transmission relies on channel state information so that the UE could be allocated with its most preferred resources, i.e., frequency-selective scheduling gain can be expected. At the same time, we could further apply a beamforming technique when the EPDCCH of a UE is located in localized PRB pair(s). Therefore, localized transmission is mainly utilized for the UE that has good received signal quality conditions with low mobility.
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Figure 1 Design principle of EPDCCH localized transmission.

These features make the search space design of EPDCCH localized transmission somewhat different from traditional methods applied in the legacy PDCCH and the distributed EPDCCH transmission. As shown in Fig. 1, compared to Release 10, it is preferred to allocate the search space candidates into different PRB pair(s) while not continuously assigning the candidates according to a hashing function [3] in the frequency domain. Regarding the time domain, we should consider randomization between subframes. The reason for this is that, for the UE that uses localized transmission, the channel conditions will not change drastically and neither will the scheduling results among the UEs. In this case, the blockings will concentrate within several UEs without the randomization of the candidates between subframes. Therefore, we propose introducing the “randomization in the time domain” into the search spaces, as shown in Fig. 2.
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Figure 2 Randomization between subframes.
Based on the above observations, we generalize the methods for selecting search space candidates for localized transmission by modifying the traditional hashing function for calculating the ECCEs corresponding to EPDCCH candidate m of the search space 
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 is the number of EPDCCH candidates to monitor aggregation level 
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Proposal 1: Use the modified hashing function (equation 1) to locate the search space candidates within one EPDCCH set.

At the RAN1 #70 meeting, a suitable number of sets and PRB pairs per set for the localized EPDCCH transmission were discussed. It was proposed that localized transmission should have a larger number of sets in order to exploit the frequency-selective scheduling gain by putting the candidates into different resources. However, from our viewpoint, whether or not the distance between candidates is sufficiently long is closely related to the search space design method. In this paper, we present two alternatives as shown in Figs. 3 and 4, respectively:

Alternative 1: KL = 2. The candidates of all ALs are evenly distributed over multiple sets.

Alternative 2: KL = 6. The candidates of AL = 1, 2 are evenly distributed over multiple sets and the candidates of AL = 4, 8 are located in the sets randomly selected by C-RNTI.
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Figure 3 Alternative 1 (KL=2).
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Figure 4 Alternative 2 (KL=6).
The splitting of the search space candidates is easily shown in Table I and II. From an implementation complexity viewpoint, we believe that Alternative 2 is simpler for both eNBs and UEs.
Table I Search space splitting for KL=2             Table II Search space splitting for KL=6
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3. Evaluation Results
In order to show the performance of the proposed search space design method for localized transmission, simulation results are presented regarding the blocking probability and the resource utilization resulting from frequency-selective scheduling. First, a comparison between proposed and traditional hashing functions is presented when KL = 2. In the simulation, we assume the total of 12 PRB pairs is used for the EPDCCH, the number of ECCEs per set is 24, and consider 6 PRB pairs per set. Twelve PRB pairs are evenly divided into KL = 2 sets as shown in Fig. 3, and the EPDCCH candidates of all UEs are split among 2 sets as indicated in Table I .The total number of UEs is set to 16, and the actual number of UEs for transmission varies every subframe. Therefore, the number of scheduled UEs is used as the parameter as in Table A-I. The difference between the observed methods is as follows.
Traditional hashing function:

· Within each EPDCCH set, the traditional hashing function is used to index the position of the EPDCCH candidates according to the numbers in Table I [3].

Proposed hashing function:

· Within each EPDCCH set, the modified hashing function, i.e., Eq. (1), is used to index the position of EPDCCH candidates according to the numbers in Table I.


[image: image15]

 SHAPE  \* MERGEFORMAT 
[image: image16]
Figure 5 Comparison of proposed and traditional hashing function.
Figure 5 shows a performance evaluation of the modified and traditional hashing functions, namely the “Proposed HF” and “R8 HF,” in terms of the blocking probability and frequency-selective scheduling gain. Here, in order to evaluate the frequency-selective scheduling gain, we use the probability of the preferred PRB pair with the best channel quality being selected as a metric. The following are observed:
· “Proposed HF” exhibits slightly better performance in terms of the blocking probability than “R8 HF”. The reason for this is that some blocking instances are avoided by locating the EPDCCH candidates non-contiguously in the resource of one set. 
· “Proposed HF” clearly outperform “R8 HF” in terms of the possibility of using a good PRB pair, especially when the number of UEs to be scheduled is low. The gain is due to the fact that the candidates are available in all the configured PRB pairs for the EPDCCH, so that we could always transmit the DCI using a good PRB pair.
Second, we look at the necessity for randomization between subframes for the candidates. We compare two solutions, one that considers the impact of the number of subframes and one that does not. Here, the Cumulative Distribution Function (CDF) of the interval between blocking instances for a specific UE is used as another metric to show the blocking performance, from which we could observe the distribution of the interval length. The parameter that affects the time domain randomization is as follows.
With randomization between subframes:

· 
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Without randomization between subframes:

· 
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 is the C-RNTI of a specific UE.
According to the evaluation results in Fig. 6, we observed the following.
· There is no significant difference regarding the blocking probability although the results of “w/ time domain randomization” exhibit slightly better performance when the number of UEs number is high.

· When the interval between two blocking instances for a specific UE is observed, it is clear that there is a higher percentage of UEs that have a higher interval, given a similar value for the blocking probability in the system when there are ten UEs. This means that the introduction of time domain randomization is necessary.

Proposal 2: Introduce time domain randomization in the search space design of localized transmission.
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Figure 6 Comparison of with and without time domain randomization.
Third, in order to select Alternative 1 or 2 regarding different values of KL, we also compare the performance in terms of the blocking probability and frequency-selective scheduling gain. The simulation parameters and metrics are the same as those for Fig. 5, except for the following configurations.
Alternative 1:

· Twelve PRB pairs are evenly divided into 2 sets as shown in Fig.3.

· The EPDCCH candidates of all UEs are split between two sets as shown in Table I.
· Within each EPDCCH set, the modified hashing function, i.e., Eq. (1), is used to index the position of EPDCCH candidates according to the numbers in Table I.
Alternative 2:

· Twelve PRB pairs are evenly divided into 6 sets as shown in Fig. 4.

· The EPDCCH candidates of all UEs are split between two sets as shown in Table II.
· Within each EPDCCH set, the modified hashing function, i.e., Eq (1), is used to index the position of the EPDCCH candidates according to the numbers in Table II.
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Figure 7  Comparison of Alternative 1 and 2.
The performance is shown in Fig. 6 and concluded as follows.
· Regarding the blocking probability and frequency-selective scheduling gain, there is no difference between Alternatives 1 and 2. The reason for this is, according to Figs 3 and 4, even though we configure the candidates in different ways, the actual results of the search space distribution are exactly the same. Considering the implementation complexity, we prefer Alternative 1(KL=2) as the solution and do not see the necessity for Alternative 2(KL = 6).
Observation 1: KL = 2 is sufficient for EPDCCH localized transmission and we do not need to introduce a higher value KL.
4. Conclusion

In this paper, we analyzed the requirements in designing the search space for EPDCCH localized transmission. In response to the requirements, we presented our views in regard to the location of the search space candidates, and proposed the following.
Proposal 1: Use the modified hashing function (equation 1) in locating the search space candidates within one EPDCCH set.

Proposal 2: Introduce time domain randomization in the search space design of localized transmission.
We also showed two alternatives in selecting the parameters for the set configuration. According to the results, we conclude the following.
Observation 1: KL = 2 is sufficient for EPDCCH localized transmission and we do not need to introduce a higher value KL.
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Annex

Table A-I. Simulation Parameters
	Parameter
	Value

	Maximum number of UEs
	16

	Number of scheduled UEs
	[2,4,6,8,10,12,14,16]

	Aggregation level
	[1,2,4,8]

	Distribution of aggregation level
	[30%,50%,15%,5%]
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