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Discussion/Decision
1
Introduction
It has been agreed that ePDCCH resources are defined within PDSCH region and a subset of PRB pairs will be reserved in a semi-static manner. Among the ePDCCH resources, unused PRB pairs may be reused for PDSCH transmission although partial resource within a PRB-pair couldn’t be shared. In order to utilize the ePDCCH resources more efficiently, three alternatives have been proposed so far [1]-[3]:
· ePCFICH
· Multiple ePDCCH resource set definition
· ePDCCH DM-RS signature
In this contribution, we discuss and investigate the alternatives for the ePDCCH resource utilization.
2
Discussions
In previous releases, PCFICH has been used for the PDCCH resource utilization by indicating the number of OFDM symbols for the PDCCH in the subframe. Therefore, PDCCH resources could be dynamically allocated in each subframe according to the required number of PDCCH resources, thus minimizing resource waste from reserving maximum amount of PDCCH resources.

As similar with the PCFICH, ePCFICH [1] has been proposed to indicate how many PRB-pairs will be used in the subframe so that the unused ePDCCH PRB-pairs may be re-assigned for PDSCH transmission. However, as different from the legacy PDCCH, the unused ePDCCH resources may be reused without explicit indication as long as whole PRB-pair is unused. Furthermore, even though the ePDCCH resources are partially unused, the resource could be reused by re-assigning the power of unused ePDCCH resources to other ePDCCH and/or PDSCH due to its full FDM multiplexing. Note that unused resource in legacy PDCCH couldn’t be used for PDSCH transmission due to TDM multiplexing between PDCCH and PDSCH. Given that unused ePDCCH resources could be somehow utilized more flexibly as compared with legacy PDCCH, the benefit of explicit signaling for indicating the actual ePDCCH resources used in the subframe could be marginal considering the non negligible specification efforts, additional signaling overhead, and error propagations.
As an alternative, ePDCCH DM-RS signature has been also proposed to indicate the ePDCCH resources actually used in the subframe. An ePDCCH specific DM-RS sequence is used so that a subset of ePDCCH PRB pairs may be indicated implicitly. In order to monitor ePDCCH UE-specific search space, a UE first check scrambling sequences for all ePDCCH PRB-pairs and the subset of ePDCCH PRB-pairs which scrambled with an ePDCCH specific DM-RS sequence are used to figure out UE-specific search space. This alternative doesn’t require explicit signaling and could indicate any subset of ePDCCH resources dynamically. On the other hand, due to short DM-RS sequence length and/or strong inter-cell interference, the ePDCCH resource detection error could be high especially for the cell-edge UE. Note that PCFICH used to provide most robust performance since if PCFICH is mis-detected continuously, UE may fall under radio link failure. As mentioned before, even without this indication, ePDCCH resource may be utilized more efficiently by re-assigning power of unused partial ePDCCH resources and/or unused ePDCCH PRB pair for PDSCH transmission.
Although dynamic indication is not used to inform the actual ePDCCH resources used in the subframe, we may increase ePDCCH resource reuse by maximizing the number of unused ePDCCH PRB-pair if only a subset of eCCEs are used in the subframe without increasing ePDCCH blocking probability. The multiple ePDCCH resource set definition could be used to maximize unused ePDCCH PRB-pair when a small number of ePDCCH resource is required in a subframe by splitting a UE-specific search space over two or more ePDCCH resource set while a common ePDCCH resource set is defined on which all UE-specific search spaces at least partially located. Therefore, if a number of UEs need to be scheduled in a subframe is small, the common ePDCCH resource set could be used.
Therefore, it seems appropriate to support multiple ePDCCH resource set definition with UE-specific search space splitting to increase ePDCCH resource utilization without any indication.
Proposal-1: multiple ePDCCH resource sets definition with a common ePDCCH resource set is used as for ePDCCH resource definition.
Three ePDCCH resource sets may be defined always as similar with legacy PDCCH since it also has a capability to choose one of three resource sets and the number of PRB-pair per ePDCCH resource set should vary according to the system bandwidth since the required number of eCCE gets larger as the system bandwidth becomes wider assuming that more number of UE may be scheduled in a subframe.
Proposal-2: an ePDCCH resource set may be defined with N PRB-pairs and the N could be different according to the system bandwidth.
In order to utilize the multiple ePDCCH resource sets efficiently, the UE specific search space should be well split to the multiple ePDCCH resource sets so that reasonable ePDCCH blocking probability and resource consumptions can be achieved. On the other hand, the total number of blind decoding should be kept as before in order not to increase UE receiver complexity. However, if increased total number of blind decoding attempts is acceptable with the maximum TBS restriction for PDSCH precoding time relaxation, the UE-specific search space may be further optimized to provide minimum blocking probability and resource use.,
Proposal-3: UE-specific search space per aggregation level can be split to multiple ePDCCH resource sets while keeping the same total number of blind decoding attempts.

The hash function defined for legacy PDCCH has been used to randomize the UE-specific search space according to the UE-ID and subframe number, which reduces blocking probability as it randomize the search space from a subframe to another. If multiple ePDCCH resource sets are used, a different hash function may be used according to the ePDCCH resource set which may further randomize the search space within a subframe since two UEs having overlapped search space in the first ePDCCH resource set may have non-overlapped search space in the second ePDCCH resource set, thus resulting in lower blocking probability without increasing UE receiver complexity.
Proposal-4: if multiple ePDCCH resource sets are used, different hash function needs to be used according to the ePDCCH resource set.
3
Simulations
In this section, we evaluate the blocking probability of PDCCH and ePDCCH with various configurations according to the number of UEs scheduled in the subframe. For the legacy PDCCH, the fixed 2 or 3 OFDM symbols are used with 32 or 48 CCEs available and Rel-8 UE-specific search space definition is used. Two alternatives are assumed for ePDCCH based on multiple ePDCCH resource sets, where 3 ePDCCH resource sets are defined and each ePDCCH resource set contains 4 PRB-pair which is equivalent to 16 eCCEs.

· Alt-1: Multiple ePDCCH sets + same hashing function – primary and secondary ePDCCH sets are defined for each UE and the UE-specific search space is split to primary and secondary ePDCCH sets while the same hashing function is used for all ePDCCH sets.

· Alt-2: Multiple ePDCCH sets + different hashing function - primary and secondary ePDCCH sets are defined for each UE and the UE-specific search space is split to primary and secondary ePDCCH sets while the different hashing function is used for all ePDCCH sets.

In addition, for the selection of aggregation for each UE, wideband SINR is used at the eNB scheduler for more realistic assumptions. Further details of the simulation assumptions are listed in the table 1 in Appendix.
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Figure 1. Blocking probability according to the number of scheduled UEs with DCI format 0/1A.
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Figure 2. Blocking probability according to the number of scheduled UEs with DCI format 2.
The figure 1 and 2 show that the ePDCCH with multiple ePDCCH resource sets in general provide lower blocking probability even compared to the legacy PDCCH with largest eCCEs, this is mainly because of that the splitting UE-specific search space to multiple ePDCCH sets more randomize the UE-specific search space so that the probability to overlap of two UE’s search space becomes lower. It is also shown that if different hashing function is used for each ePDCCH set, the blocking probability gets even lower.
4
Conclusions

In this contribution, we discussed on ePDCCH resource utilization with three alternatives. From the discussions and observations, we propose followings:
Proposal-1: multiple ePDCCH resource sets definition with a common ePDCCH resource set is used as for ePDCCH resource definition.
Proposal-2: an ePDCCH resource set may be defined with N PRB-pairs and the N could be different according to the system bandwidth.
Proposal-3: UE-specific search space per aggregation level can be split to multiple ePDCCH resource sets while keeping the same total number of blind decoding attempts.

Proposal-4: if multiple ePDCCH resource sets are used, different hash function needs to be used according to the ePDCCH resource set.
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Appendix

Table 1. System-level Simulation Assumptions
	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Channel models
	UMa

	Velocity [km/h]
	3

	Codebook for PMI reporting
	Rel-8

	Chanel estimation
	Ideal

	HomoNet deployment
	57 cells

	PDCCH/ePDCCH scheduling
	Random

	Number of UE and distribution
	16 UEs/cell, uniform distribution

	ePDCCH resource set
	4 PRB-pair (16 eCCEs)

	ePDCCH resource allocation
	3 ePDCCH resource sets (48 eCCEs in total)

	Drops, TTIs
	2 drops and 2000TTIs per drop

	Transmission schemes for ePDCCH
	Distributed allocation

Per-RB based random beamforming (RBF)

	Number of CCE/eCCE allocation
	Wideband SINR based at the transmitter

	Aggregation level [# of eCCE/ CCE]
	1, 2, 4, 8


