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Discussion/Decision
1
Introduction
In RAN1 #70, it is agreed that multiple EPDCCH sets may be configured in a UE-specific manner and each EPDCCH set may contain N PRB-pairs and be configured either localized and distributed EPDCCH transmission. The followings were captured in RAN1 chairaman’s note as agreements [1]:
Agreements:
· 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. 
Note that excessive configurations should be avoided. 

Note that the details of the second subbullet are dependent on the conclusions on eREG definition. 

Note that it may be possible to forbid certain combinations of N and K

Note that the used values of N and K may depend on the system bandwidth. 

In this contribution, we discuss on following remaining issues to finalize EPDCCH resource definition:

· N is configurable or N is defined as a function of system bandwidth
· N=1 (localized) and N=16 (distributed) support is needed for an EPDCCH set.
· The maximum K configurable per UE

2
Discussions
In legacy PDCCH, the resource utilization has been optimized by using PCFICH so that the number of OFDM symbol used for PDCCH may be dynamically indicated in every subframe, thus allowing dynamic resource allocation for control channels although its resource allocation granuarilty is coarse. 

As for EPDCCH, RAN1 agreed to introduce multiple EPDCCH sets in order to utilize resources efficiently without dynamic indication so that eNB scheduler may re-allocate unused EPDCCH resources for PDSCH transmission. For instance, two EPDCCH sets are configured for each UE and one of EPDCCH sets is common for all UEs, then an eNB scheduler may use the common EPDCCH set when the number of scheduled UE in a subframe is relatively small so that the unused EPDCCH set may be re-allocated for PDSCH transmission.
There is a trade-off between blocking probability and resource utilization according to the combination of (K, N). For example, the two combinations (K=2, N=4) and (K=4, N=2) have the same number of available eCCEs, however the former may provide lower blocking probability as higher frequency diversity gain or frequency selective scheduling gain may be achieved and its EPDCCH candidates are randomized more efficiently within an EPDCCH set while the latter may provide better resource utilization when the number of scheduled UE is relatively small. Even though the flexible configuration of N may allow better resource utilization, we should keep in mind that it may increase signaling overhead, implementation complexity, and number of test cases. Therefore, it is more appropriate to reduce the number of options unless its benefit is significant.
Given that the resource allocation granularity used in legacy PDCCH has been provided enough resource utilization efficiency and the EPDCCH resources will be configured in a UE-specific manner, it seems to be adequate to minimize the number of combinations configurable. Considering that the resource allocation granularity in legacy PDCCH is one, two, and three OFDM symbols and the number of available CCEs per OFDM symbol is dependent on the system bandwidth, it seems quite make sense to define N as a function of the system bandwidth.
Proposal-1: N is configured as a function of system bandwidth

It has been agreed that one PRB-pair for EPDCCH may be equivalent to 4 eCCEs in the last RAN1 meeting. Also, the supportable eCCE aggregation level for localized EPDCCH transmission has been agreed as the same as the legacy PDCCH, which imples that the localized EPDCCH should support aggregation level 8. Given that N=1 may not support the aggregation level 8, it is natural not to support N=1 for EPDCCH set definition. Furthermore, the use case for N=1 seems to be unclear especially in localized transmission since unused EPDCCH resource may be re-allocated for PDSCH transmission as long as whole PRB-pair is not assigned for EPDCCH so that N=2 can be used instead and eNB scheduler may intentionally avoid scheduling for a specific PRB-pair in some scenarios in which two PRB-pairs are not needed.
Proposal-2: N=1 is not supported for localized EPDCCH transmission
N=16 has been proposed for the EPDCCH distributed transmission in order to maximize the frequency diversity gain. Considering that one eCCE is formed by grouping 4 eREGs, the maximum frequency diversity gain for one eCCE is four. Hence, the N=16 may provide additional frequency diversity gain only if the aggregation is higher than one. From the previous studies [2]-[3], we have observed that the frequency diversity gain is quickly saturated once diversity order 4 is achieved. Therefore, the additional diversity gain might be marginal even though 16 PRB pairs are used for a DCI transmission. Given that the performance gain from larger number N (i.e. N=16) seems to be marginal, the additional test case and reduced resource utilization may not be justified.
Proposal-3: N=16 is not supported for distributed EPDCCH transmission

The maximum number of EPDCCH sets configurable for a UE remains open and RAN1 agreed to select one among 2, 3, 4 and 6. Considering that the total blind decoding attempts should be kept as before in order not to increase UE receiver complexity and EPDCCH resource sets are configured in a UE-specific manner, the larger K may not provide any benefit while increasing the number of test case, UE receiver complexity since the total EPDCCH resource sets from an eNB perspective may be much larger than UE-specific EPDCCH sets.
Proposal-4: K=2 is used as the maximum number of EPDCCH set configurable for a UE

3
Simulations
In this section, following two schemes were evaluated in system level in order to see if the flexible configuration of N is needed. For the fair comparion, we picked up two possible combination which have the same number of available eCCEs as:

·  Scheme-1: K=2, N=4
·  Scheme-2: K=1, N=8

In the simulation, distributed EPDCCH transmission is used together with legacy PDCCH search space definition. Also, for the scheme-1, the blind decoding attempts are split evenly for two EPDCCH sets so that each EPDCCH set has {3, 3, 1, 1} EPDCCH candidates according to the aggregation levels. Further details of the simulation assumptions are available in the table 2 in Annex.
The figure 1 shows the blocking probability of two schemes according to the number of scheduled UEs. As seen in the figure, the blocking probability of scheme-2 is worse than that of the scheme-1 since the use of multiple EPDCCH resource set reduces blocking probability due to its EPDCCH candidate randomization effects, which have been observed from contributions. 
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Figure 1. Blocking probability according to the combination (K, N).
The table 1 shows average resource blocks used for EPDCCH according to the schemes. As seen in the table, the scheme-2 always reserve 8 PRBs as distributed eCCEs may distributed over all PRB-pairs configured for EPDCCH even a single UE is scheduled, while the scheme-1 shows some resource utilization gain. 
Table 1. Average resource blocks used for EPDCCH

	
	Number of scheduled UEs

	
	2
	4
	6
	8
	10
	12
	14
	16

	Scheme-1

(K=2, N=4)
	4.2
	5.2
	6.4
	7.36
	7.84
	7.98
	8
	8

	Scheme-2

(K=1, N=8)
	8
	8
	8
	8
	8
	8
	8
	8


Observation: multiple combination providing the same number of eCCE may not provide significant gain to justify increased test case, signaling overhead, and UE complexity.

4
Conclusions

In this contribution, we discussed the remaining issues for EPDCCH resource definition. From the discussions and observations, we propose followings:

Proposal-1: N is configured as a function of system bandwidth

Proposal-2: N=1 is not supported for localized EPDCCH transmission

Proposal-3: N=16 is not supported for distributed EPDCCH transmission

Proposal-4: K=2 is used as the maximum number of EPDCCH set configurable for a UE
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Appendix

Table 2. 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

	# of PRBs in an EPDCCH set (N)
	4 (16 eCCEs) or 8 (32 eCCEs) PRB-pair

	# of EPDCCH set (K)
	2 or 1 ePDCCH resource sets

	Drops, TTIs
	2 drops and 2000TTIs per drop

	Transmission schemes
	Per-RB based RBF (distributed EPDCCH)

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

	Aggregation levels [# of eCCE]
	1, 2, 4, 8


