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1
Introduction
In RAN1 #71 meeting, it has been agreed that hashing functions will be defined independently for each EPDCCH resource set in order to randomize the EPDCCH search space and reduces the overlapping of EPDCCH candidates when two EPDCCH resource sets are overlapped [1]. After the RAN1 #71 meeting, EPDCCH hashing function candidates were discussed in 3GPP RAN1 reflector in [71-7].
· Option-1: different seed of Yk according to the EPDCCH set

· Option-2: an offset for the second EPDCCH set

In this contribution, we discuss on the options for the EPDCCH hashing functions and evaluate the performance in various scenarios in order to narrow down the options and finalize the Rel-11 EPDCCH design.

2
EPDCCH hashing functions
The hashing function (
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) has been used in PDCCH search space definition in order to randomize the UE-specific search space according to the UE and subframe so that contiguous search space overlapping between two UEs may be minimized. The 
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 in Rel-10 has been defined as 
[image: image3.wmf]D

Y

A

Y

k

k

mod

)

(

1

-

×

=

, where 
[image: image4.wmf]0

RNTI

1

¹

=

-

n

Y

, 
[image: image5.wmf]39827

=

A

, 
[image: image6.wmf]65537

=

D

, and 
[image: image7.wmf]ë

û

2

s

n

k

=

.
Since the 
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 value is generated as a function of seed number A and C-RNTI, the independent hashing function for the second EPDCCH set may be simply defined with different seed number A. Since the seed number of hashing function should be prime number and large enough in order to provide randomization impact, the seed number of the second EPDCCH set may be 
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. As an alternative, it has been proposed that an EPDCCH resource set specific offset (e.g. 
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) as a part of the hashing function 
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 so that the EPDCCH candidates overlapping may be reduced when two localized or distributed EPDCCH sets are overlapped. Therefore, the two options may be expressed as followings:  
· Option-1: 
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· Option-2: 
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Between two options, it has been shown that the option-1 shows better blocking probability if two EPDCCH sets are not overlapped since the option-1 provides search space randomization gain even within a subframe so that even though search spaces of two UEs are overlapped in one EPDCCH set, it is highly likely to avoid overlapping in the other EPDCCH sets [2]-[3].
Observation-1: if EPDCCH resource sets are not overlapped for a UE, the option-1 shows better block probability performance over option-2.

In the case that two EPDCCH resource sets are overlapped fully or partially, the following figures show the blocking probability according to the EPDCCH configurations. Three cases are evaluated for option-1 and option-2 such as full overlapping case with the same size of EPDCCH sets, partial overlapping case with the different size of EPDCCH sets, and different offset value for the option-2. In the simulations, the PRB offset implies that the two EPDCCH sets are overlapped with a specific PRB offset. For instance, if the PRB offset=0, the starting PRBs for two EPDCCH sets are the same. If PRB offset=1, the second PRB for the EPDCCH set-0 is overlapped with the first PRB for the EPDCCH set-1 and so on. The other simulation assumptions are available in the table 1 in Appendix.
Case-1: Full overlapping with PRB offset=0
Assuming that the first PRB for both EPDCCH sets are the same or two EPDCCH sets having the same PRB size are fully overlapped, the option-2 provides slight gain in terms of EPDCCH blocking probability since its EPDCCH candidates overlapping rate for a specific UE is always smaller than option-1 if an appropriate set offset (
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) is used. In the figure 1, 
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 is used for the option-2.
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Figure 1. EPDCCH blocking probability of option-1 and 2 according to the number of PRB.

Observation-2: the option-2 provides slight better blocking probability over option-1 if two EPDCCH sets having the same PRB size are fully overlapped.
Case-2: Partial overlapping according to PRB offsets

Given that an EPDCCH resource set may be configured independently, the partial overlapping with some PRB offsets is a possible EPDCCH configuration. The figures 2 and 3 show the performance of option-1 and option-2 according to the PRB offsets. As seen in the figure 2, the option-1 shows robust performance irrespective of the PRB offset due to its randomization effects. On the other hand, in the figure 3, it is seen that the option-2 performance is sensitive according to the PRB offset value, which implies that the option-2 will provide different performance according to the PRB overlapping position and this property seems to be inappropriate for the EPDCCH as its resource configuration should be fully flexible. Note that the fully flexible resource configuration for EPDCCH has been one of design criteria for future proof.
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Figure 2. EPDCCH blocking probability of option-1 according to the PRB offsets.
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Figure 3. EPDCCH blocking probability of option-2 according to the PRB offsets.

Observation-3: the option-2 performance is sensitive to the PRB offset therefore in order to provide robust performance multiple set offset values (
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) may need to be defined and used according to the configuration.
Case-3: Partial overlapping according to PRB offsets and Set offset (
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) for option-2

The figures 4 and 5 shows the performance of option-2 according to the set offset (
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) and PRB offset. As seen in the figures, the blocking probability performance of option-2 is very sensitive according to the set offset value and the PRB offset. It is also observed that set offset value 3 (
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) performs best in the PRB offset=0 while set offset value 4 performs best in the PRB offset=2.
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Figure 4. EPDCCH blocking probability of option-2 with PRB offset=0 according to the set offsets (
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Figure 5. EPDCCH blocking probability of option-2 with PRB offset=2 according to the set offsets (
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Observation-4: the performance of option-2 seems to be very sensitive according to the set offset values and PRB offsets, which implies that the performance of option-2 will vary from an EPDCCH configuration to another. Therefore, it is hard to expect to have a robust performance assuming that there are a lot of EPDCCH configurations as its resource configuration is fully flexible.
Since the performance of option-2 is sensitive according to the EPDCCH configurations and overlapping, the option-1 seems to be appropriate as the hashing function for EPDCCH. In addition, if cross-carrier scheduling is used, the option-2 will show more sensitive performance as the cross-carrier scheduling also requires offset for the SCell in the EPDCCH search space.
Proposal: the option-1 is adopted as EPDCCH hashing function for multiple EPDCCH set configuration.
3
Conclusions

In this contribution, we discussed the hashing function candidates for EPDCCH UE-specific search space and evaluate the candidates in various EPDCCH configurations. From the observations, we propose option-1 for EPDCCH hashing function:

Proposal: the option-1 is adopted as EPDCCH hashing function for multiple EPDCCH set configuration.
· Option-1: 
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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

	EPDCCH scheduling
	Random

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

	# of PRBs in an EPDCCH set (N)
	{2, 4, or 8} PRB-pair 

	# of EPDCCH set (K)
	2 for [NL, NL]

	Drops, TTIs
	1 drop and 2000TTIs per drop

	Transmission schemes for EPDCCH
	Closed-loop beamforming for localized

	Number of eCCE allocation
	Subband SINR based (localized)

	Aggregation level [# of eCCE]
	according to the table 9.1.4-5a in TS 36.213
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