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1 Introduction

This contribution discusses the remaining details of EPDCCH set, how to split the blind decoing trials among EPDCCH sets and how to determine EPDCCH candidates within each EPDCCH set. 
2 Split of BD trials and aggregation levels among EPDCCH sets
It was agreed in RAN1#70 that aggregation levels supported for EPDCCH are following. 

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 
· For localised: 2, 4, 8, working assumption 16 

· For distributed: 2, 4, 8, 16, working assumption 32 

· In all other cases:

· For localised: 1, 2, 4, working assumption 8

· For distributed: 1, 2, 4, 8, working assumption 16

Agreement from RAN1#70bis (per CC):
· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed (check on Thur). 

Conclusion: No consensus to introduce RRC signalling for configuration selection. 
K=1 can be realized by totally overlapping two EPDCCH sets, so K=1 is not be necessary assuming some mechanism is agreed that blind trial candidates among EPDCCH sets are not always overlapping. Therefore, KL and KD only need to support following combinations: { KL = 2, KD = 0}, { KL = 0, KD = 2},  { KL = 1, KD = 1}.
Aggregation level 32 for distributed transmission is not necessary. Aggregation level 16 for localized is not necessary, but to intentionally not support it requires additional/separate configuraiton for localized transmission. Therefore, as far as no optimization is required for aggregation level 16, we are fine to support it. Therefore, aggregation levels supported for EPDCCH would be as following:
· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, 16(but no optimization) 

· For distributed: 2, 4, 8, 16 

· In all other cases:

· For localised: 1, 2, 4, 8, 16(but no optimization)
· For distributed: 1, 2, 4, 8, 16

We propose that, for non-UL MIMO, 32 BD trials are equaly split between TM dependent DCI (like 2, 2a, ...) and DCI format 0/1A, so each DCI has 16 BD trials.
Our proposal is that several configurations of split of BD trials between two EPDCCH sets are defined in specification and the choosing of configuration depends on certain parameters. Table 1 shows the proposed configurations for the split of BD trials between two EPDCCH sets.
Table 1. Configurations for split of BD trials between EPDCCH sets
	Configuration

	EPDCCH set
	AL1
	AL2
	AL4
	AL8
	AL16

	0
	0
	3
	2
	1
	1
	1

	
	1
	3
	2
	1
	1
	1

	1
	0
	0
	4
	2
	1
	1

	
	1
	0
	4
	2
	1
	1

	2
	0
	4
	2
	1
	1
	1

	
	1
	2
	1
	1
	1
	1

	3
	0
	0
	6
	3
	1
	1

	
	1
	0
	2
	1
	1
	1


In Table 1, configuration 0 and 1 have equal split of BD trials between two EPDCCH sets. They are used when the size of the two EPDCCH sets are the same. Configuration 2 and 3 have unequal split of BD trials between two EPDCCH sets. They are used when the size of the two EPDCCH sets are different. Since EPDCCH set 0 has more BD trials than EPDCCH set 1, EPDCCH set 0 normally should have bigger size than EPDCCH set 1. But it is not necessary to be specified in such way.
Following parameters are used for choosing the configuration, e.g. according to Table 4:
· "In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh" or "all other cases"

· EPDCCH set size difference
· The type of DCI format
Following parameters are not used in our proposal.

· KL and  KD  (the configuration is not depending on KL and  KD  )
· K value (as K=1 is not supported)
Table 2. Choosing of configuration depending on certain parameters
	Available number of REs 
	Two EPDCCH set size are equal or different
	DCI format 0/1A 1, 1B, 1D
configuration
	DCI format  2, 2A, 2B, 2C
configuration

	≥Xthresh 
	equal
	0
	1

	≥Xthresh 
	different
	2
	3

	<Xthresh 
	equal
	1
	1

	<Xthresh
	different
	3
	3


In Table 2, the configuration is chosen depending on available number of REs, EPDCCH set size and DCI format type. If KL and KD  are considered when choosing the configuration, Table 3 in Annex can be used as a template.
Proposals:

· K=2. KL and KD have following combinations: { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· Aggregation level 32 is not supported for distributed EPDCCH.
· For non-UL MIMO, 32 BD trials are equaly split between TM dependent DCI (like 2, 2a, ...) and DCI format 0/1A. So each DCI has 16 BD trials.

· Several configurations of split of BD trials between EPDCCH sets are defined in specification as Table 1.
· Choosing of configurations depends on following parameters:

· "In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh" or "all other cases"

· EPDCCH set size difference
· The type of DCI format

3 Search space within each EPDCCH set
Hash function should be used to determine the starting position of EPDCCH candidates. To avoid blocking in case two EPDCCH sets overlap with each other, different hash function or different seeds of hash function should be used for the two EPDCCH sets.
Proposals:

· Different Hash functions or different seeds of Hash function are used for different EPDCCH sets for the same UE.
3.1 EPDCCH set supporting distributed transmission

The method to determin legacy PDCCH search space can be basically reused with some modifications.
The total number of eCCE in an EPDCCH set 
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The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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 is defined by a set of PDCCH candidates. 
For each EPDCCH set on which EPDCCH is monitored, the ECCEs corresponding to EPDCCH candidate m of the search space 
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 in EPDCCH. 
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 is the number of EPDCCH candidates to monitor in the given search space. 
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 is determined by the blind decoding trial split mentioned in section 3.2.
Aggregation level 1 is more likely to be used for UL grant and aggregation level 2 is more likely to be used for DL assignment, so we see that avoiding blocking of aggregation level 1 and aggregation level 2 candidates are useful.

In the above hash function, blocking of EPDCCH candidates of different aggregation levels for the same UE is randomized by hash function. On the other side, we see that when the number of ECCEs within one EPDCCH set is small, e.g. 16 ECCEs within one EPDCCH set, the probability of total overlapping of EPDCCH candidates of different aggregation levels is 1/16. Therefore, another possibility is to determine the starting position of aggregation level 1 candidates using above hash function and determine the starting positions of other aggregation level candidates using offset to the starting position of aggregation level 1 candidates.
Figure 1 shows an example of blocking between aggregation level 1 and level 2 candidates. From the example we can see that, 5 out of 6 aggregation level 1 candidates are blocked by aggregation level 2 candidates. 

Figuar 2 shows an example of using offset to determine the relationship among the starting positions of different aggregation level candidates. The starting position of aggregation level 1 candidates is determined by hash function Yk. The starting position of aggregation level 2 candidates is an offset from the starting position of aggregation level 1 candidates. If S(L) means the starting position of aggregation level L. Then 
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 for L>1. 

[image: image14.emf]
Figure 1. Blocking of AL1 and AL2 candidates

[image: image15.emf]
Figure 2. Example of offset to avoid blocking of AL1 and AL2 candidates
Proposals:

· For distributed EPDCCH, the starting position of different aggregation level candidates can be randomized by Hash function or determined by certain offset.
3.2 EPDCCH set supporting localized transmission
The same method as in section 4.1 can be used basically. The difference is that m is continguous in distributed EPDCCH, but in order to allocate localized EPDCCH candidates in different PRB pairs to achieve frequency scheduling gain, m should not be continguous. 
We propose 
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 is the number of eCCEs within one PRB pair; 
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. P=0.5 for EPDCCH set size is 2. P=1 for EPDCCH set size is 4. P=2 for EPDCH set size is 8.
Proposals:

· For localized EPDCCH, modified hash function is used to achieve frequency scheduling gain.
4 Indication to the UE of EPDCCH PRB pairs
For the indication to the UE of EPDCCH PRB pairs used for the blind candidate trials, the higher layer signalling is used for each EPDCCH set. In order to support PRB level ICIC, full flexibility mapping is necessary for indication of search space. We compare two options as follows. 
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 is the number of RBs in bandwidth.
Option 1: full bitmap
For one search space, 
[image: image20.wmf]RB

N

bits are required to indicate search space.

Option 2: direct enumeration of PRB#
For indication of one PRB pair, 
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bits are required. Then for one search space, 
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(the number of PRB pair in a search space) bits are required. 

The required number of bits for higher layer signalling is compared in Table 4 for 20MHz, 10MHz and 5 MHz band cases. The case painted by blue shows the case of smaller signalling bit size. 

Table3.Comparison of the signalling bit size
	
	The number of search space sets
	The number of PRB pair in a search space set
	20MHz  100RBs
	10MHz 50 RBs
	5MHz 25RBs

	Option 1

Full bitmap
	1
	-
	100bits
	50bits
	25bits

	
	2 
	-
	200bits
	100bits
	50bits

	Option 2

direct enumeration of PRB#
	1
	4
	28 bits
(7bits(128(>=100RBs)) *4PRBs) 
	24 bits
(6bits (64 (>=50RBs)) *4PRBs)
	20 bits
(5bits (32 (>=25RBs)) *4PRBs)

	
	2
	4
	56 bits
	48 bits
	40 bits

	
	1
	8
	56 bits
	48 bits
	40 bits

	
	2
	8
	112 bits
	96 bits
	80 bits


In most cases, option 2 (direct enumeration of PRB#) requires fewer bits than option 1. Therefore we propose the direct enumeration of PRB# for EPDCCH search space.
There are two cases. One is that eCCE is formed by 4 eREGs, i.e. in normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP). The other is that eCCE is formed by 8 eREGs, i.e. special subframe configs 1,2,6,7,9 (normal CP), normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP). We think one search space can work for both cases. Therefore, only one set of PRB pair is necessary to be configured for one EPDCCH set.

Proposal: 
· Direct enumeration of PRB# for EPDCCH search space is adopted.

· One search space for an EPDCCH set is commonaly used both when eCCE is formed by 4 eREGs and 8 eREGs.

5 Summary

This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· K=2. KL and KD have following combinations: { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· Aggregation level 32 is not supported for distributed EPDCCH.
· For non-UL MIMO, 32 BD trials are equaly split between TM dependent DCI (like 2, 2a, ...) and DCI format 0/1A. So each DCI has 16 BD trials.

· Several configurations of split of BD trials between EPDCCH sets are defined in specification as Table 1.
· Choosing of configurations depends on following parameters:

· "In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh" or "all other cases"

· EPDCCH set size difference
· The type of DCI format

· Different Hash functions or different seeds of Hash function are used for different EPDCCH sets for the same UE.
· For distributed EPDCCH, the starting position of different aggregation level candidates can be randomized by Hash function or determined by certain offset.
· For localized EPDCCH, modified hash function is used to achieve frequency scheduling gain.
· Direct enumeration of PRB# for EPDCCH search space is adopted.

· One search space for a EPDCCH set is commonaly used both when eCCE is formed by 4 eREGs and 8 eREGs.
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Annex

Table 4. Choosing of configuration depending on certain parameters
	Available number of REs 
	Localized or distributed
	Two EPDCCH set size are equal or different
	DCI format 0/1A 1, 1B, 1D

configuration
	DCI format  2, 2A, 2B, 2C

configuration

	≥Xthresh 
	{ KL = 1, KD = 1}, 
	equal
	0
	1

	≥Xthresh 
	{ KL = 1, KD = 1}, 
	different
	2
	3

	≥Xthresh 
	{ KL = 0, KD = 2}, 
	equal
	0
	1

	≥Xthresh
	{ KL = 0, KD = 2}, 
	different
	2
	3

	≥Xthresh 
	{ KL = 2, KD = 0}, 
	equal
	0
	1

	≥Xthresh
	{ KL = 2, KD = 0}, 
	different
	2
	3

	<Xthresh 
	{ KL = 1, KD = 1}, 
	equal
	1
	1

	<Xthresh
	{ KL = 1, KD = 1}, 
	different
	3
	3

	<Xthresh
	{ KL = 0, KD = 2},
	equal
	1
	1

	<Xthresh
	{ KL = 0, KD = 2},
	different
	3
	3

	<Xthresh
	{ KL = 2, KD = 0},
	equal
	1
	1

	<Xthresh
	{ KL = 2, KD = 0},
	different
	3
	3
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