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1. Introduction
At the RAN1 #69 meeting, whether or not other downlink control channels need to be introduced was discussed. The following was concluded.
· 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 motivation, requirements, and design of ePCFICH were described in [1]. Conversely, in our companion contribution [2], configuration of multiple ePDCCH sets was introduced, where the PRB pairs for the ePDCCH are configured in a semi-static way. In this paper, we compare these two methods in terms of blocking probability and resource utilization.
2. Discussion on Multiple ePDCCH Sets and ePCFICH
In [1] and [4], the mechanism and design of the ePCFICH were introduced, which are quite similar to those for the PCFICH for the legacy PDCCH. The ePCFICH is transmitted with the minimum and always available number of PRB pairs for the ePDCCHs. The ePCFICH indicates one of three (or four) possible configured sets of PRB pairs by conveying two bits with the same coding and transmission method. Table I summarizes an example of the value of the ePCFICH and the number of PRB pairs.

Table I ePCFICH value for the number of PRB pairs
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The main difference between these two methods is the signalling we use to acknowledge the UE of the PRB pairs for ePDCCH. The motivation for the ePCFICH is to reuse the PRB pairs for the PDSCH as much as possible if they are not occupied by the ePDCCH, because the dynamic nature of the ePCFICH could facilitate the allocation of PRB pairs subframe-by-subframe. In other words, we aim to improve the resource utilization. However, we note that the blocking probability is also very important in the ePDCCH design, and it will conversely affect the resource utilization. Therefore, in order to compare these two methods fairly, it is necessary to evaluate the performance of the blocking probability and resource utilization.

As presented in [2], multiple sets of the ePDCCH resources for a UE-specific search space were defined, as shown in Fig. 1. The UEs are configured to monitor one or more than one set of ePDCCH resources assigned by higher layer signalling. In order to improve the resource utilization, the UEs should have some flexibility in choosing the monitoring set(s), e.g., configuring one common resource for all UEs (primary set), while using the additional resources (secondary set) when blocking occurs in the primary set, as described in [x]. In this case, the UE may occasionally monitor all the configured sets of the ePDCCH. Search space design for multiple sets was also investigated in [3]. Table II gives two examples of the search space allocation between multiple sets considering transmission schemes and the distribution of aggregation levels
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Figure 1 Multiple sets of ePDCCH.
Table II Search space design for multiple sets

(a) Example 1                                        (b) Example 2
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3. Evaluation Results
In the simulation, we assume that the total of 16 PRB pairs could be used for the ePDCCH, and that the number of eCCEs per ePDCCH set is 16, considering 4 PRB pairs per set and 4 eCCEs per PRB pair. The total number of UEs is set to 16, while the number of scheduled UEs is a parameter as in Table A-1. As for the ePDCCH, the specific parameters for the observed methods are given below: 
Alt. 1: ePCFICH (Table 1)

· Depending on the blocking status, 4, 8, 12, and 16 PRB pairs could be used for the ePDCCH.

· All the schedule UEs share 16 eCCEs, 32 eCCEs, 48 eCCEs or 64 eCCEs.

· The sets of DCIs for all UEs will be allocated in the configured number of PRB pairs. For example, if the ePCFICH value is 01, which means that a total of 16 eCCEs are allocated to the ePDCCH, the DCIs will be allocated among these 16 eCCEs. A suitable value for the ePCFICH is chosen so that blocking does not occur.
Alt. 2: Multiple ePDCCH sets (Table II (a))

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

· Five of the other ten UEs monitor the primary set and secondary set #2.

· The other five UEs monitor the primary set and secondary set #3.

· The total number of available eCCEs for each UE is 32 eCCEs. 

· The DCI messages for all UEs will be first allocated in the primary set. If blocking occurs in the primary set for a specific UE, the secondary set for this UE is on standby, as shown in Fig. 3 (b).
Here, although a total of 16 UEs are configured to use the ePDCCH, the actual number of UEs for transmission varies for each subframe. Therefore, the number of UEs is used as a parameter. Other parameters are listed in Table A-1 in the Annex.

Figure 2 presents the blocking probability comparison between different alternatives. The following were observed:

1. The ‘Multiple ePDCCH sets per UE’ method provides a slightly lower blocking probability than that for the ‘ePCFICH method’. The reason for this is that some blocking occasions are avoided by locating the UE into different ePDCCH resources. If consecutive SS candidates for aggregation level 1 are completely overlapped with that for aggregation level 8 used by another UE, blocking occurs in terms of aggregation level 1. However, such a blocking can be avoided using the secondary set. Blocking avoidance is illustrated in Fig. 3.
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Figure 2 Blocking probability for different alternatives.



(a) Search space of ePCFICH
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(b) Search space of multiple ePDCCH sets
Figure 3 Search space comparison of Alt.1 and Alt.2

Moreover, the resource utilization efficiency was evaluated. In this contribution, we use the mathematic expectation of the number of PRB pairs used for the ePDCCH as the metric. From Fig. 4, the following were observed:

2. When there are a few UEs, the resource utilization efficiency of the ePCFICH method slightly outperforms the multiple sets per UE method. The reason for this is that the search space of the ePCFICH method is not split and there is a higher possibility for it to accommodate the UEs in fewer PRB pairs.
3. When there are a medium number of UEs, the multiple sets per UE method would provide slightly better performance in terms of resource utilization. This is due to the fact that the multiple sets per UE method could avoid the blockings by search space splitting so that the eNB would not increase the number of PRB pairs to schedule the UEs.
4. When there are many UEs, the performance of these two methods converges because for the ePCFICH method the search spaces of different UEs would be more distributed as the number of PRB pairs increases so that there is a lower possibility of increasing the number of PRB pairs due to blocking.
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Figure 4 Resource utilization for Alt.1 and Alt.2.
According to the above facts and analysis, we discern the following observations:
Observation 1: From the viewpoint of the blocking probability, the multiple ePDCCH sets per UE method exhibits slightly better performance than the ePCFICH method.
Observation 2: From the viewpoint of resource utilization, the multiple ePDCCH sets per UE method and the ePCFICH method exhibit similar performance.
Based on these observations, we conclude that the ePCFICH method did not show significant superiority over the multiple ePDCCH sets method in terms of both the blocking probability and resource utilization efficiency. On the other hand, the ePCFICH method will introduce complexity in designing the new DL control channel.
Proposal: In Release 11, no dynamic indication of the PRB pairs for ePDCCH, i.e. ePCFICH, is supported.

4. Conclusion
In this contribution, we used simulation results to evaluate the performance of two methods for indicating PRB pairs for the ePDCCH, i.e., the ePCFICH method and the multiple sets method, in terms of the blocking probability and resource utilization efficiency. We observed the following.
Observation 1: From the viewpoint of the blocking probability, the multiple ePDCCH sets per UE method exhibits slightly better performance than the ePCFICH method.
Observation 2: From the viewpoint of resource utilization, the multiple ePDCCH sets per UE method and the ePCFICH method exhibit similar performance.
Based on the observations, we conclude our proposal.
Proposal: In Release 11, no dynamic indication of the PRB pairs for ePDCCH, i.e. ePCFICH, is supported.
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Annex

Table A-1 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
	[60%,20%,15%,5%]
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