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1 Introduction
During the RAN1 71 meeting, the parameter 
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 being set specific was agreed to reduce the blocking probability for two EPDCCH sets case. However, the exact expression for 
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 was not determined. Several expressions were proposed in the email discussion but no consensus was reached. In this contribution, we provide an analysis on the alternative equations from both performance and complexity perspective and finally give our preference.
2 Set specific Yk determination
Four equations for Yk have been proposed and are given by 
· Alt 1: 
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· Alt 2: 
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· Alt 3: 
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· Alt 4: 
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where p denotes the index of the EPDCCH set, and k is the subframe index.

The prime motivation of the above proposals is to ensure non-overlapping EPDCCH candidates of the two EPDCCH sets for both one UE and different UEs. For the one UE case, when the two EPDCCH sets have the same starting position, the number of available candidates will decrease when the two EPDCCH sets are fully overlapped. For the two UE case, if their EPDCCHs collide in the first EPDCCH set due to the same starting position, they will also collide in the second EPDCCH set if there is no change on the starting position. 

In Alt 1, the hash function procedure is based on the same mechanism in Rel. 10. The difference is the additional ten iterations compared to the ten iterations in Rel. 10. Since the values of the parameters in the equation have been fully justified in Rel. 10, the performance of Alt 1 can be guaranteed without any testing. When there are two EPDCCH sets configured and the subframe is configured to monitor EPDCCH, two iterations are required for each subframe. Then the first value is allocated to the first EPDCCH set while the second one is allocated to the second EPDCCH set. Thus, a maximum of 20 iterations with the two EPDCCH sets case is needed. But considering the forward compatibility, this equation cannot be easily extended to accommodate with the case of configuring more than two EPDCCH sets.
Alt 2 changes the initialization value of the hash function by adding an offset to 
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 for the second EPDCCH set. Some companies think this change will lead to the 
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 collision. For instance, the UE with 
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 will have the initialization value of 
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+1 in the second EPDCCH set, which may happen collide with the initialization of a UE which has the 
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 differing by 1 in the same EPDCCH set but is configured with EPDCCH set index 0. However, if the eNodeB always configures the UEs with the same EPDCCH set indices order, this collision can be avoided. Since processing of two hash functions is performed, a maximum of 20 iterations is needed. The Yk values for PDCCH are the same 
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 values of the first EPDCCH set. If configuring more than two EPDCCH sets, the 
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 collision will become even severe without scheduling restriction. 
For Alt 3, the parameter A is different for two EPDCCH sets to achieve different search space starting position. Simulation results show that the performance is almost the same for any A when it is a relatively large prime number. Similar with Alt 2, it requires a maximum of 20 iterations. The Yk values for PDCCH are the same 
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 values of the first EPDCCH set. A third prime number for A can be easily found if another EPDCCH set is configured.
For Alt 4, an offset is added to the first EPDCCH set as the search space starting position of the second EPDCCH set to make sure the candidates of the two EPDCCH set are not overlapped. The offset is a fixed value with 3 for all EPDCCH set configurations and cases. However, from the aspects of forward compatibility, the fixed offset value may not be a proper value if a new configured EPDCCH set is introduced in the future. Since one processing of hash function derivation is performed, a maximum of 10 iterations are needed. 
To compare the performance of these alternatives, simulations were performed using the assumptions in Appendix. From the simulation results, it is observed these alternatives have similar performance. We list the comparisons of the four alternatives in terms of performance, implementation complexity and forward compatibility in Table 1.
[image: image15.png]Blocking Probability

01

0.01

Blocking Probability in full overlap sets (32 eCCE)

= = Thesame starting position: Y1 k= YO K
—Alt1
—Alt2
——Alt3
—Alt4

5 10 15
Number of DClin one subframe

20





Figure 1.  Blocking probability for different alternatives
Table 1. Comparison of different alternatives
	Schemes
	Blocking probability
	Implementation complexity
	Forward extension

	Alt 1
	Low
	20 iterations 
	Poor

	Alt 2
	Low
	20 iterations
	Poor

	Alt 3
	Low
	20 iterations
	Good

	Alt 4
	Low
	10 iterations
	Poor


From the above analysis, Alt 3 can achieve the lower blocking probability with relatively better forward extensibility. Therefore, Alt 3 is slightly preferred and we have the following proposal.
· Proposal 1: The alternative with different values of A is preferred as given by
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3 Conclusion
In this contribution, we evaluated and provided the simulation resulting results on the four alterative equations of Yk. Through comparisons in terms of performance, complexity and forward extension, we have the following proposal:
· Proposal 1: The alternative with different values of A is preferred as given by
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4 Text proposal

We propose to capture the following text in Section 8.2 of TR 36.213 [2]:

---------------------------------------------------Text proposal for TR36.213 [2] --------------------------------------------------
9.1.4  
EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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is the number of ECCEs in EPDCCH-PRB-set 
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 of subframe 
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. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 

The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3].

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].

· In subframes indicated by higher layers to decode PMCH

An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates. 

For an EPDCCH-PRB-set 
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configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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For an EPDCCH-PRB-set 
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configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
[image: image28.wmf])

(

L

k

ES

 are given by 

[[image: image29.wmf]ë

û

i

L

N

M

L

N

m

Y

L

k

p

L

p

k

p

ECCE

k

p

+

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

û

ú

ê

ê

ë

ê

×

×

+

/

mod

)

'

(

,

,

ECCE

)

(

,

,

,

]
where

[image: image30.wmf]k

p

Y

,

is defined below, 
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 if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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 is the carrier indicator field value,
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
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Note that the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.

The variable 
[image: image39.wmf]k

p

Y

,

is defined by


[image: image40.wmf](

)

D

Y

A

Y

k

p

p

k

p

mod

1

,

,

-

×

=


where 
[image: image41.wmf]0

RNTI

1

,

¹

=

-

n

Y

p

, 
[image: image42.wmf]39829

,

39827

1

0

=

=

A

A


, 
[image: image44.wmf]65537

=

D

 and 
[image: image45.wmf]s

2

kn

=

êú

ëû

, 
[image: image46.wmf]s

n

 is the slot number within a radio frame. The RNTI value used for 
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 is defined in section 7.1 in downlink and section 8 in uplink. The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Section 7.1.
----------------------------------------------------------End proposal----------------------------------------------------------------
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Table 2. Simulation assumptions 
	Parameters
	Value

	Number of DCI in one subframe
	From 4 to 20

	Number of PRB pairs per EPDCCH set
	8

	Number of eCCEs per PRB pair
	4

	Number of EPDCCH sets
	2

	Aggregation level (AGL)
	{1, 2, 4, 8}

	AGL distribution
	{0.45, 0.35, 0.15, 0.05}

	Number of EPDCCH candidates for each AGL 
	EPDCCH set 0: {3, 3, 1, 1}

EPDCCH set 1: {3, 3, 1, 1}
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