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1. Introduction

At the RAN1 #69 meeting, how to indicate the PRB pairs for ePDCCH and whether new dynamic signalling is needed were discussed. It was concluded that:
· Continue study/discussion on need for indicating dynamically to the UEs the PRB pairs the UEs should assume to be used for ePDCCH, and if needed, how to perform the indication (e.g. ePCFICH (how many bits needed?), DM-RS signature, …)

· Consider impact on PDSCH resource allocation, ePDCCH blocking probability, blind decodings, location of candidates comprising the search space, other factors that companies believe are relevant.

· Consider both localised and distributed ePDCCH transmission
The localized and distributed transmission were discussed from the viewpoint of monitoring of both localized and distributed transmission in one subframe [1], the definition of eREG/eCCE and search space design [2] [3]. In our companion contribution [4], we propose configuring multiple ePDCCH sets each consisting of four PRB pairs. In this paper, we show our views on localized and distributed transmission and investigate the detailed search space design for multiple ePDCCH sets, considering different transmission schemes as well as different aggregation levels. Evaluation results in terms of blocking probability and resource utilization are also presented.
2. ePDCCH Transmission Schemes and Search Space Design
 As discussed in [4], there are mainly three possible states of ePDCCH transmission schemes: localized transmission, distributed transmission and simultaneous localized and distributed transmission, as depicted in Figure 1.
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Figure 1 States for ePDCCH transmission scheme.
Comparing to state 1, state 2 and state 3 are more preferable since distributed transmission should be prioritized over localized transmission due to its robustness to different scenarios regardless of common search space or UE-specific search space. From the viewpoint of search space, in some scenarios, some of the UE-specific search space may necessitate localized transmission while it still requires distributed transmission in many more practical scenarios, where state 3 could be more beneficial. 
Proposal 1: Distributed transmission should be prioritized and assumed as default configuration.
2.1 Multiple sets of ePDCCH
As presented in [4], multiple sets of the ePDCCH resources for UE-specific search space were defined, as shown in Figure 2. The motivation of this definition is to restrict the number of PRB pairs in order to benefit the resource utilization efficiency. Under this definition, the UEs are configured to monitor one or more than one sets of ePDCCH resources assigned by the higher layer signalling. Therefore, the other configuration such as transmission scheme and usage of DMRS could be made per set, which facilitates state 3, i.e. simultaneous localized and distributed transmission in one subframe.
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Figure 2 Multiple sets of ePDCCH.
Proposal 2: With the definition of multiple ePDCCH sets, simultaneous localized and distributed transmission of ePDCCH could be supported in one subframe.
2.2 Detailed Search Space Design
When multiple ePDCCH sets are introduced, one question is that the blind decoding attempts (BDs) will be increased under the same definition of the ePDCCH candidates as previous releases if the UE is configured to monitor more than one set. For example, if one UE is configured with two ePDCCH sets, the BDs will double that of Rel-10. In order to restrict the UE complexity in decoding the ePDCCHs, some solutions should be studied. However, before investigating the specific solution, we should clarify whether Release 11 UE could tolerate more BDs than previous releases, and to which extent it may accommodate.

Proposal 3: Discuss whether the blind decoding attempts (BDs) could be increased compared to what is supported in Rel-8/10.
As long as the total number of BDs is decided, we could investigate how to assign the search space into the configured sets to efficiently utilize the allocated resources and provide better performance of blocking probability (BP). One direct solution is just to make the UE monitor one of the configured sets, i.e. all the search space is located in one of the multiple sets, as shown in Table 1 (Alt. 1). The eNB is in charge of deciding on when and which UE to have a specific search space configuration.
· Alt.1 Configure one ePDCCH set for UE.
The problem of Alt.1 is that the number of UEs using each set is nearly the same to guarantee the uniform performance of BP, and that the sets are evenly used. It leads to inferior resource utilization efficiency since multiple ePDCCH sets are likely to be consumed even when the number of UEs is small. This is due to the static configuration of monitoring set for every UE. 
Table 1 Search space design for Alt.1
(a) SS allocated to Set 1                           (b) SS allocated to Set 2
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· Alt.2 Configure multiple ePDCCH sets for UE.
In order to solve the problem of Alt. 1, we may want the UEs to have some flexibility in choosing the monitoring set(s), e.g., configure one common resource for all UEs (primary set), while using the additional resource when blocking happens in the primary set (secondary set), as explained in [5]. In this case, the UE may occasionally monitor all the configured sets of the ePDCCH. Therefore, designing search space is important in terms of blocking probability and resource utilization. In designing the assignment of the search space among multiple sets, the following aspects could be considered, such as the transmission schemes of the sets, distribution of aggregation levels as well as different DCI formats to be supported. We take two examples of search space design.
1. Configure more search space in primary set while less in secondary set(s) as shown in Table 2 (a).
2. From the viewpoint of transmission scheme, it is observed that distributed transmission has better robustness than localized transmission. Meanwhile, localized transmission prefers lower aggregation levels (ALs) and distributed transmission prefers higher ALs due to their own characteristics as shown in Table 2 (b).
Table 2 Search space design for Alt.2
(a) Example 1                                        (b) Example 2
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3. Evaluation results
In order to evaluate the performance of the multiple ePDCCH sets, we simulate the blocking probability in terms of the number of scheduled UE in every subframe. The number of eCCEs per ePDCCH set is assumed to be 16 considering 4 PRB pairs per set and 4 eCCEs per PRB pair. Total three ePDCCH sets in a system are assumed. The total number of UEs is set to 16. As for the ePDCCH, we compare the following two alternatives:

Alt. 1: Configure one ePDCCH set for UE (Table 1)
· Six, five, and five UEs are configured with ePDCCH set #1, #2, and #3 respectively.

· Total number of available eCCEs for each UE is 16 eCCEs. 
· The DCIs of the UEs are allocated in the configured set, e.g. set #1 ,set #2 or set #3.  
Alt. 2: Configure two ePDCCH sets for UE (Table 2 (a))

· Eight UEs monitor the primary set and the secondary set #1.

· The other eight UEs monitor the primary set and the secondary set #2.
· Total number of available CCEs for each UE is 32 eCCEs. 
· The DCIs of all UEs will be firstly allocated in the primary set; if blocking happens in the primary set for specific UE, the secondary set of this UE is standby to be used, as shown in Figure 5-(b).
Here, although total 16 UEs are configured to use the ePDCCH, the actual number of UEs for transmission varies every subframe. Therefore, such number of UEs is used as the parameter. For comparison, we also plotted the blocking probability of the legacy PDCCH assuming the same numbers of UEs and available eCCEs, i.e., each UE can use 32 eCCEs for the legacy PDCCH. Other parameters are listed in Table A-1 in the Annex.

Figure 3 shows the blocking probability comparison between different alternatives. It is observed that ‘Multiple sets per UE’ provides the best performance compared to Alt. 1 and the legacy PDCCH. The reason for this is that some blockings are eliminated by locating the UE into different ePDCCH resources. If the consecutive SS candidates for aggregation level 1 are completely overlapped with that for aggregation level 8 used by another UE, there is blocking in terms of aggregation level 1. However, such a blocking can be avoided using secondary set. The avoidance of blocking is illustrated in Figure 4.
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Figure 3 Blocking probability for different alternatives.
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(b) Search space of multiple sets per UE

Figure 4 Search space comparison of Alt.1 and Alt.2.
As envisaged in Section 2, resource utilization efficiency is also an important factor when multiple sets are used. In this contribution, we use the probability of the numbers of simultaneously used sets. Figure 5 shows the resource utilization by the percentage of simultaneous usage of multiple sets. It is shown that smaller number of sets is used in ‘multiple sets per UE’ than that for ‘single set per UE’ when the same number of ePDCCH sets, i.e., three sets in this case, are configured in the system. This is because that only primary set is consumed for multiple sets unless the blocking is occurred in the primary set. As a consequence, we could get better resource utilization efficiency by using multiple ePDCCH sets per UE.

[image: image8]
Figure 5 Resource utilization for Alt.1 and Alt.2.
According to above facts and analysis, we got the following observation:
Observation: From the viewpoint of blocking probability and resource utilization efficiency, multiple ePDCCH sets have the best performance.
4. Conclusion
In this contribution, we presented our views on the transmission schemes of ePDCCH and following proposals were drawn:
Proposal 1: Distributed transmission should be prioritized and assumed as default configuration.

Proposal 2: With the definition of multiple ePDCCH sets, simultaneous localized and distributed transmission of ePDCCH could be supported in one subframe.

Considering the introduction of multiple sets in the design of ePDCCH, in order to balance the complexity in blind decoding attempts, the performance of blocking probability and resource utilization efficiency, we provided several alternatives of search space design. 
Proposal 3: Discuss whether the blind decoding attempts (BDs) could be increased compared to what is supported in Rel-8/10.

At last, we use simulation results to evaluate the performance of the mentioned alternatives and we made the following observation:

Observation: From the viewpoint of blocking probability and resource utilization efficiency, multiple ePDCCH sets have the best performance.
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Annex

Table A-1 Simulation parameters

	Parameter
	Value

	Maximum number of UEs
	16

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

	Aggregation level
	[1,2,4,8]

	Distribution of aggregation level
	[60%,20%,15%,5%]
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