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PUCCH format 1 a/1 b resources for HARQ-ACK for time division duplex signalling based on 
an 	index 	of 	the first 	enhanced 	control 	channel 	element 	used 	for transmission 	of a 
corresponding EPDCCH downlink assignment in an uplink subframe, the index of the 
downlink subframe in which the EPDCCH downlink assignment is trans-mitted, and one or 

5 more configured parameters wherein a  dynamic offset modifier is one  of the  one  or more 

configured parameters, wherein  the  dynamic offset modifier is applied such  that the dynamic  

offset bodifier depends on a subframe index in, and wherein multiple sets of dynamic offset 

modifiers are defined to be a matrix C with Litif-l_twlemns and N rows, N correspondingthe - to 
number of options to perform dynamic switcliing,,and kit being a number of downlink subframes 

10 associated will) an qp,link subframe for HARQ-ACK feedback,  and  the subframe  index  /71  is used 
as one factor to determine the value of the dynamic offset modifier kfi up), where in is an index  
OA namic switchmnq ppbon signalled as downlink control information ICI via EPDCCH. 

A further aspect of the invention relates to an apparatus comprising at least one 
15 	processor; and at least one memory including a computer program code, wherein the at 

least one memory and the computer program code are configured to, with the at least one 
processor, cause the apparatus to determine PUCCH format 1 all b resources for HARQ- 
ACK for time division duplex signalling based on an index of the first enhanced control 
channel element used for transmission of a corresponding EPDCCH downlink assignment in 

20 an uplink subframe, the index of the downlink subframe in which the EPDCCH downlink 
assignment is transmitted, and one or more configured parameters wherein a gyfiamic offset 
modifier 'is one of the one or more configpred_parameters, wherein the apppratus is caused to 
p_p_ply_ the tlynainic  offset modifier such that the dynamic offset modifier depends  ori a subframe  

index f 71, and wherein multiple sets of dynamic offset modifiers are defined to be a matrix C with 
25 f_M-11 columns and N rows 	N corresponding_to the number of options tosprform dynamic 

svvitchine,„and M being a number of downlink subfrarnes associated with an uplink subframe for 
HARQ-ACIC  feedback,  and the subframe index to  is used as one factor  to determine  the value  
of  the dynamic  offset modifier  kin, m), where it  is  an index of dynamic switching_qption. 

30 A 	further 	aspect 	of 	th 	invention, 	a 	me 	d 	is _provided 	comprising 	receiving 

configuration of an EPDCCH set the configuration comprising a EPDCCH-set- 
specific PUCCH resources starting__offset and at least one EPDCCH-set-specific pprameter 
which  is  equal to or a multiple  of a number of eCCEs  in  the EPDCCH set, 

determining a relative index of a DL subframe,_ an index of the first enhanced, control 
35 channel  element of the EPDCCH set carrying  downlink assignment, arid an index of a 

dynamic offset modifier 
using  the 	a ive  index of the  DL subframe and the index of dynamic  offset modifier to 
determine  a value  of the dyripmic  offset  modifier, 
determin 	at least one PUCCH 	based on lyre received inforrna ion the index_ of the ,resource 

40 first enhanced control channel element of the EPDCCH set carrying downlink assignment the 
determined relative index of the DL subframe and the determined value of dynamic offset 

o 	' transnitting_HARD-ACK using  the at least one determined PUCCH resource.  

A still further aspect of the invention relates to a user terminal comprising at least one 
45 	processor; and at least one memory including a computer program code, wherein the at 

least one memory and the computer program code are configured to, with the at least one 
processor, cause the user terminal to apply PUCCH format 1 all b resource mapping for 
EPDCCH scheduled PDSCH for time division duplex signalling based on an index of the first 
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enhanced control channel element used for transmission of a corresponding EPDCCH 
downlink assignment in an uplink subframe, the index of the downlink subframe in which the 
EPDCCH downlink assignment is transmitted, and one or more configured parameters. 

5 A still 	further aspect of the 	invention 	relates 	to 	a 	computer program 	product 
comprising program code means configured to perform any of the method steps when the 
program is run on a computer. 

A still further aspect of the invention relates to a computer-readable storage medium 

10 comprising program code means configured to perform any of the method steps when 
executed on a computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 In the following the invention will be described in greater detail by means of preferred 
embodiments with reference to the attached drawings, in which 

Figure 1 illustrates a multi-SF PUCCH resource arrangement by following 

20 Re1-8/9/10; 

Figure 2 illustrates an exemplary multi-SF PUCCH resource arrangement 
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CLAIMS 

1. A method for resource allocation in a communications sys 	m, char - 

acterized by 

determining, in a network apparatus, PUCCH format 1 all b resources for 

5 	HARQ-ACK for time division duplex signalling based on 

an index of the first enhanced control channel eler ent used for transmis- 

sion of a corresponding EPDCCH downlink assignment in a 	uplink subframe, 

the index of the downlink subframe in whic 'the EPDCCH downlink as- 

signment is transmitted, and 

10 one or more configured parameters. 

2. A method as claimed in claim 1 	. haracterized 	by the one or 

more configured parameters comprising one or more of: 

15 

- 	a first semi-static user termi al specific resource starting offset defined 

for an EPDCCH set, 

- 	a second 	user termi .I-specific resource offset defined for each 

EPDCCH set, 

- 	a dynamic offset 	odifier. 

3. A method as cl 	med in claim 1 or 2, characterized in that a 

multi-subframe PUCCH for 	at 1a/1b resource allocation is carried out for HARQ-ACK 

20 	corresponding to PDSCH cheduled via EPDCCH. 

4. A method as claimed in any of claims 1 to 3, characterized in 

that when M=1, the esource determination is independent of the second user termi- 

nal-specific reso 	ce offset. 

5. method as claimed in any of claims 1 to 4,characterized 	in 

25 	that for tim 	division duplex signalling when M>1, the second user terminal-specific 

resource *ffset impacts resource allocation when PUCCH HARQ-ACK resources for 

multipl 	downlink subframes map into a single uplink subframe. 

6. A method as claimed in any of claims 1 to 5,characterized in 

the offset for each EPDCCH set applied in each downlink subframe is dependent 

30 	on the first semi-static user terminal-specific resource starting offset, second user 

terminal-specific resource offset, and m, where m(0...M-1) is a relative index of the 

downlink subframe, M being the number of downlink subframes associated with an 

uplink subframe for HARQ-ACK feedback. 

7. A method as claimed in any of claims 1 to 6, characterized 	in 

th 	e 	dynamic offset 	modifier kris-dep 
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command. 

8. A method as claimed in any of claims 1 to 7,characte 	ized 	in l: 

that the dynamic offset modifier is applied such that it is independent 	a subframe 

index rn, wherein the dynamic offset modifier is derived based on ownlink control 

5 information DCI that EPDCCH is carrying. 

9. A method as claimed in any of claims 1 to 8, ch,aracterized in 

that a dynamic offset modifier is applied such that the dyn mic offset modifier de-

pends on a subframe index in, wherein multiple sets of dy amic offset modifiers are 

defined to be a matrix C with (M-1) columns and N rows, 	corresponding to the num- 

10 ber of options to perform dynamic switching, Al bein 	the number of downlink sub- 

frames associated with an uplink subframe for H 	Q-ACK feedback, and the sub- 

frame index in is used as one factor to determ' e the value of the dynamic offset 

modifier k(n, in), where n is an index of dy amic switching option signalled as 

downlink control information DCI via EPDCC 

15 10. A method as claimed in cl.im 9, characterized in that the re- 

source index of the ACK/NACK resou 	e corresponding to the m-th subframe X„, is 

derived from the resource index oft 	first subframe Xo as Xo+C(m), where C(m) is a 

predefined constant number. 

11. A method as cl imed in claim 10, characterized 	in that the 

20 matrix C is configured via a p 	tocol layer higher than the physical layer. 

12. A method 	claimed in any of claims 1 to 11, characterized 

in that the dynamic offs- 	modifier k is an antenna port-specific offset associated with 

antenna port p, wher- p is the antenna port allocated to the first control channel ele-

ment CCE of corre sonding EPDCCH or other explicitly signalled or implicitly derived 

25 parameter. 

13 A method as claimed in any of claims 1 to 12,characterized 

by schedu i g the PUCCH format 1a/lb resources for EPDCCH for time division du-

plex sign. ing based on formula I: 

* ) 	( 	 ( 	k 
30 (III) 	

n( 
PUCCH
1 	

1 	PUCCRTDD 	m 	n 	LT-PUCCI-I + 

where 
n UCCH ) 	is a PUCCH format 1a/1b resource to be allocated for a HARQ- P 

ACK signal; 
35 n,,-PUCCEI 	is the first semi-static user terminal-specific resource starting 

efined for-an 	Erece-H-sett-- 
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Ar(f)-PUCC TDD is the second user terminal-specific resource offset .cl 	ned ITI -  

for EPDCCH sets when M>1, M being the number of downlink subframes associated 

with an uplink subframe for HARQ-ACK feedback, in being a relative 	dex of a 

downlink subframe, wherein OsmsM-1; 

5 17 eCCE 	is an index of the first enhanced control chann 	element eCCE 

used for transmission of a corresponding EPDCCH downlin 	assignment in a 

downlink subframe n-kr,  , where in 	is the relative index of thr downlink subframes 

and 05.nz5M-1; 

k is a dynamic offset modifier. 

10 14. An apparatus comprising at least one orocessor; and at least one 

memory including a computer program code, c h a r acterized 	in that the at 

least one memory and the computer program cod 	are configured to, with the at least 

one processor, cause the apparatus to 

determine PUCCH format 1a/ 1b e ources for HARQ-ACK for time divi- 

15 sion duplex signalling based on 

an index of the first enhanced control channel element used for transmis- 

sion of a corresponding EPDCCH do 	nlink assignment in an uplink subframe, 

the index of the down nk subframe in which the EPDCCH downlink as- 

signment is transmitted, and 

20 one or more configured parameters. 

15. An appara 	s as claimed in claim 14,characterized in that the 

one or more configure. sarameters comprise one or more of: 

25 

- 	a firs semi-static user terminal-specific resource starting offset defined 

for.n EPDCCH set, 

second 	user terminal-specific resource offset defined for each 

EPDCCH set, 

a dynamic offset modifier. 

16. An apparatus as claimed in claim 14 or 15, characterized in 

that 	e at least one memory and the computer program code are configured to, with 

30 at least one processor, cause the apparatus to carry out a multi-subframe PUCCH 

ormat 1a/1b resource allocation for HARQ-ACK corresponding to PDSCH scheduled 

via EPDCCH. 

17. An apparatus as claimed in any of claims 14 to 16, character-

ized in that when M=1, the resource determination is independent of the second 

35 user terminal-specific resource offset. 

18 Aa_apparatus_as__claing-ed-i-n-a-ny-df-clai-ras-1-4-te-1-7-re4-a-ra-e-t-er-- 
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i z e d in that for time division duplex signalling when M>1, the second us r terminal-

specific resource offset impacts resource allocation when PUCCH H A  RO-ACK re-

sources for multiple downlink subframes map into a single uplink subf a me. 

19. An apparatus as claimed in any of claims 14 to 	: 	character- 

5 i z e d in that the offset for each EPDCCH set applied in each oo 	nlink subframe is 

dependent on the first semi-static user terminal-specific reso 	ce starting offset, sec- 

ond user terminal-specific resource offset, and in, where in 	..A1-1) is a relative index 

of the downlink subframe, M being the number of downli 	subframes associated with 

an uplink subframe for HARQ-ACK feedback. 

10 20. An apparatus as claimed in any of 	aims 14 to 19, character- 

ized in that the at least one memory and the 	omputer program code are config- 

ured to, with the at least one processor, cau - the apparatus to apply the dynamic 

offset modifier k dependent on an antenna port or a power control command. 

21. An apparatus as claimed 	any of claims 14 to 20, character- 

15 ized in that the at least one memo 	and the computer program code are config- 

ured to, with the at least one processor, cause the apparatus to apply the dynamic 

offset modifier such that it is ind 	oendent on a subframe index in, wherein the dy- 

namic offset modifier is deriv d based on downlink control information DCI that 

EPDCCH is carrying. 

20 22. An appara us as claimed in any of claims 14 to 21, character-

ized in that the at le st one memory and the computer program code are config-

ured to, with the at 'vast one processor, cause the apparatus to apply the dynamic 

offset modifier suc' that the dynamic offset modifier depends on a subframe index in, 

wherein multiple 	ets of dynamic offset modifiers are defined to be a matrix C with (M- 

25 1) columns a . N rows, N corresponding to the number of options to perform dynamic 

switching, 	being the number of downlink subframes associated with an uplink sub-

frame fo HARQ-ACK feedback, and the subframe index in is used as one factor to 

deter - me the value of the dynamic offset modifier k(n, rn), where n is an index of dy-

na tic switching option. 

30 23. An apparatus as claimed in claim 22,characterized in that the 

resource index of the ACK/NACK resource corresponding to the in-th subframe X„, is 

derived from the resource index of the first subframe X0  as X0-1-C(m), where C(m) is a 

predefined constant number. 

24. An apparatus as claimed in claim 23,characterized in that the 

35 at least one memory and the computer program code are configured to, with the at 

the-apperatu-s--to-de 	 otouol 	lay 
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higher than the physical layer. 

25. An apparatus as claimed in any of claims 14 to 24, c h a 	a c ter- 

ized 	in that the dynamic offset modifier k is an antenna port-specifi -offset associ- 

ated with antenna port p, where p is the antenna port allocated t. the first control 

5 channel element CCE of corresponding EPDCCH or other expliciti 	signaled or implic- 

itly derived parameter. 

26. An apparatus as claimed in any of claims 14 0 25, character- 

ized 	in that the at least one memory and the computer program code are config- 

ured to, with the at least one processor, cause the apparatus to set the parameter 
N(i) 

10 UE-PUCCH -TIDD as  

the number of PUCCH resources co 	ponding to a first EPDCCH set + 

the number of PUCCH resources corresponding o a second EPDCCH set; or 

the number of eCCEs in the first • •DCCH set + the number of eCCEs in 

the second EPDCCH set. 

15 27. An apparatus as claime• in any of claims 14 to 26, character- 

ized 	in that the at least one memo' 	and the computer program code are config- 

ured to, with the at least one proce 	or, cause the apparatus to schedule the PUCCH 

format 1a/1b resources for EPD 	H for time division duplex signalling based on for- 

mula I: 

20 
01 	1) 

(IV) 	n  PUCC 	NLT- PUCCH-TDD 	711  + 11  cCCE + NIJE-PUCC H + k 

where 

n
0)

UCC 	is a PUCCH format la/lb resource to be allocated for a HARQ-P 

25 ACK signal;  
0, 

UE
( ) 

-PUCCR 	is the first semi-static user terminal-specific resource starting 

offset def ed for an EPDCCH set; 

N") 	is the second user terminal-specific resource offset defined UE-PUCCH -MD 

for 	•DCCH sets when /14>1, Al being the number of downlink subframes associated 

30 w 	an uplink subframe for HARQ-ACK feedback, in being a relative index of a 

downlink subframe, wherein 0<_m<_,61-1; 

neCCE 	is an index of the first enhanced control channel element eCCE 

used for transmission of a corresponding EPDCCH downlink assignment in a 

downlink subframe n-/̀ m , where in 	is the relative index of the downlink subframes 

and 0<m<A1-1; 
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k is a dynamic offset modifier. 

28. A user terminal comprising at least one processor; a 	o at least one 

memory including a computer program code, characteriz 	in that the at 

least one memory and the computer program code are configures4 to, with the at least 

5 one processor, cause the user terminal to 

apply PUCCH format 1a/1b resource mapp' g for EPDCCH scheduled 

10 

PDSCH for time division duplex signalling based on 

an index of the first enhanced control « annel element used for transmis- 

sion of a corresponding EPDCCH downlink as '•nment in an uplink subframe, 

the index of the downlink subframe in which the EPDCCH downlink as- 

signment is transmitted, and 

one or more configured p: ameters. 

29. A user terminal .: claimed in claim 28, characterized 	by the 

one or more configured para r- ers comprising one or more of: 

15 - 	a first sem' static user terminal-specific resource starting offset defined 

for an 	'DCCH set, 

- 	a s 	cond 	user terminal-specific resource offset defined for each 

DCCH set, 

a dynamic offset modifier. 

20 30. A computer program product, characterized 	by comprising 

pro• -m code means configured to perform any of method steps of claims 1 to 13 

en the program is run on a computer. 

31. A computer-readable storage 	medium, characterized 	by 

comprising program code means configured to perform any of method steps of claims 

.. 	•-• ° • 	_ 0 00 	• 	• 
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What is claimed is: 

1. A method for resource allocation in a communications system, the 

method comprising: 

determining, in a network apparatus, PUCCH format la/1b resources for 

HARQ-ACK for time division duplex signalling based on: 

an index of a first enhanced control channel element used for 

transmission of a corresponding EPDCCH downlink assignment in a downlink 

subframe, 

an index of the downlink subframe in which the EPDCCH downlink 

assignment is transmitted, and 

one or more configured parameters, wherein a dynamic offset 

modifier is one of the one or more configured parameters, wherein the dynamic 

offset modifier is applied such that the dynamic offset modifier depends on a 

subframe index m, and wherein multiple sets of dynamic offset modifiers are 

defined to be a matrix C with (M-1) columns and N rows, N corresponding to the 

number of options to perform dynamic switching, and M being a number of 

downlink subframes associated with an uplink subframe for HARQ-ACK feedback, 

and the subframe index m is used as one factor to determine the value of the 

dynamic offset modifier k(n, m), where n is an index of dynamic switching option 

signalled as downlink control information DCI via EPDCCH. 

2. The method as claimed in claim 1, wherein the one or more configured 

parameters comprise one or more of: 

a first semi-static user terminal-specific resource starting offset defined 

for an EPDCCH set; and 

a second user terminal-specific resource offset defined for each 

EPDCCH set. 

3. The method as claimed in claim 1 or 2, wherein a multi-subframe 

PUCCH format 1a/1b resource allocation is carried out for HARQ-ACK 

corresponding to PDSCH scheduled via EPDCCH. 

4. The method as claimed in claim 2, wherein when M=1, the resource 

determination is independent of the second user terminal-specific resource offset. 
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5. The method as claimed in claim 2, wherein for time division duplex 

signalling when M>1, the second user terminal-specific resource offset impacts 

resource allocation when PUCCH HARQ-ACK resources for multiple downlink 

subframes map into a single uplink subframe. 

6. The method as claimed in claim 2, wherein an offset for each EPDCCH 

set applied in each downlink subframe is dependent on the first semi-static user 

terminal-specific resource starting offset, second user terminal-specific resource 

offset, and m, where m(0...M-1) is a relative index of the downlink subframe, M 

being the number of downlink subframes associated with the uplink subframe for 

HARQ-ACK feedback. 

7. The method as claimed in any of claims 1 to 6, wherein the dynamic 

offset modifier k is dependent on an antenna port or a power control command. 

8. The method as claimed in any of claims 1 to 7, wherein the dynamic 

offset modifier is applied such that it is independent on a subframe index m, and 

wherein the dynamic offset modifier is derived based on downlink control 

information DCI that EPDCCH is carrying. 

9. The method as claimed in claim in any of claims 1 to 8, wherein a 

resource index of an ACK/NACK resource corresponding to the m-th subframe Xm, 

is derived from a resource index of a first subframe Xo as Xo+C(m), where C(m) is 

a predefined constant number. 

10. The method as claimed in claim 9,wherein the matrix C is configured via 

a protocol layer higher than the physical layer. 

11. The method as claimed in any of claims 1 to 6, wherein the dynamic 

offset modifier k is an antenna port-specific offset associated with antenna port p, 

where p is the antenna port allocated to a first control channel element CCE of 

corresponding EPDCCH or other explicitly signalled or implicitly derived parameter. 

12. The method as claimed in claim 2, further comprising scheduling the 

PUCCH format 1a/1b resources for EPDCCH for time division duplex signalling 

based on formula I: 

(1 ) nP(111)CCH - NUT-PUCCH-TDD '' in + neCCE + NUT-PUCCH + k, 
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where: 
np(13ccif  is the first semi-static user terminal-specific resource starting 

offset defined for an EPDCCH set; 

N(1)-PUCC14-TDD is the second user terminal-specific resource Offset 17E  

defined for EPDCCH sets when M>1, M being the number of downlink subframes 

associated with the uplink subframe for HARQ-ACK feedback, m being a relative 

index of a downlink subframe, wherein OsmsM-1; 

neccE  is an index of the first enhanced control channel element eCCE 

used for transmission of a corresponding EPDCCH downlink assignment in a 

downlink subframe n km, where m is the relative index of the downlink subframes 

and 0.5.m5M-1; and 

k is a dynamic offset modifier. 

13. An apparatus comprising at least one processor and at least one 

memory including a computer program code, wherein the at least one memory and 

the computer program code are configured to, with the at least one processor, 

cause the apparatus to: 

determine PUCCH format 1a/1 b resources for HARQ-ACK for time 

division duplex signalling based on: 

an index of a first enhanced control channel element used for 

transmission of a corresponding EPDCCH downlink assignment in a downlink 

subframe, 

an index of the downlink subframe in which the EPDCCH downlink 

assignment is transmitted, and 

one or more configured parameters, wherein a dynamic offset 

modifier is one of the one or more configured parameters, wherein the apparatus is 

caused to apply the dynamic offset modifier such that the dynamic offset modifier 

depends on a subframe index m, and wherein multiple sets of dynamic offset 

modifiers are defined to be a matrix C with (M-1) columns and N rows, N 

corresponding to the number of options to perform dynamic switching, and M being 

a number of downlink subframes associated with an uplink subframe for HARQ- 

ACK feedback, 	the 	index 	is 	as one factor to determine the and 	subframe 	m 	used 

value of the dynamic offset modifier k(n, m), where n is an index of dynamic 

switching option. 

14. The apparatus as claimed in claim 13, wherein the one or more 

configured parameters comprise one or more of: 
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a first semi-static user terminal-specific resource starting offset defined 

for an EPDCCH set; and 

a second user terminal-specific resource offset defined for each 

EPDCCH set. 

15. The apparatus as claimed in claim 13 or 14, wherein the at least one 

memory and the computer program code are configured to, with the at least one 

processor, cause the apparatus to carry out a multi-subframe PUCCH format 1a/1b 

resource allocation for HARQ-ACK corresponding to PDSCH scheduled via 

EPDCCH. 

16. The apparatus as claimed in claim 14, wherein when M=1, the resource 

determination is independent of the second user terminal-specific resource offset. 

17. The apparatus as claimed in claim 14, wherein for time division duplex 

signalling when M>l, the second user terminal-specific resource offset impacts 

resource allocation when PUCCH HARQ-ACK resources for multiple downlink 

subframes map into a single uplink subframe. 

18. The apparatus as claimed in claim 14, wherein an offset for each 

EPDCCH set applied in each downlink subframe is dependent on the first semi- 

static user terminal-specific resource starting offset, second user terminal-specific 

resource offset, and m, where m(0...M-1) is a relative index of the downlink 

subframe, M being the number of downlink subframes associated with the uplink 

subframe for HARQ-ACK feedback. 

19. The apparatus as claimed in any of claims 13 to 18, wherein the at least 

one memory and the computer program code are configured to, with the at least 

one processor, cause the apparatus to apply the dynamic offset modifier k 

dependent on an antenna port or a power control command. 

20. The apparatus as claimed in any of claims 13 to 19, wherein the at least 

one memory and the computer program code are configured to, with the at least 

one processor, cause the apparatus to apply the dynamic offset modifier such that 

it is independent on a subframe index m, and wherein the dynamic offset modifier 

is derived based on downlink control information DCI that EPDCCH is carrying. 
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21. The apparatus as claimed in claim in any of claims 13 to 20, wherein a 

resource index of an ACK/NACK resource corresponding to the m-th subframe X.,,, 

is derived from a resource index of a first subframe X0  as Xo+C(m), where C(m) is 

a predefined constant number. 

22. The apparatus as claimed in claim 21, wherein the at least one memory 

and the computer program code are configured to, with the at least one processor, 

cause the apparatus to define the matrix C via a protocol layer higher than the 

physical layer. 

23. The apparatus as claimed in any of claims 13 to 18, wherein the 

dynamic offset modifier k is an antenna port-specific offset associated with antenna 

port p, where p is the antenna port allocated to a first control channel element CCE 

of corresponding EPDCCH or other explicitly signaled or implicitly derived 

parameter. 

24. The apparatus as claimed in any of claims 13 to 23, wherein the at least 

one memory and the computer program code are configured to, with the at least 
one processor, cause the apparatus to set a parameter Nu(lEtPUCCH-TDD as: 

a number of PUCCH resources corresponding to a first EPDCCH set + 

a number of PUCCH resources corresponding to a second EPDCCH set; or 

a number of eCCEs in the first EPDCCH set + a number of eCCEs in 

the second EPDCCH set. 

25. The apparatus as claimed in claim 14, wherein the at least one memory 

and the computer program code are configured to, with the at least one processor, 

cause the apparatus to schedule the PUCCH format la/lb resources for EPDCCH 

for time division duplex signalling based on formula II: 

(10 n(pticcri =-- N5s)-PUCCH-TDD * m + neCCE ± Nti lLpuccH ± k ,  
where: 

n(1)CCH is a PUCCH format la/lb resource to be allocated for a HARQ-PU 

ACK signal; 
N(1)-PUCCH is the first semi-static user terminal-specific resource starting UE  

offset defined for an EPDCCH set; 
Nti)

-PUCCH-TDD is the second user terminal-specific resource offset UE  

defined for EPDCCH sets when M>1, M being the number of downlink subframes 
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associated with the uplink subframe for HARQ-ACK feedback, m being a relative 

index of a downlink subframe, wherein CD, rti5.M-1; 

neccE  is an index of the first enhanced control channel element eCCE 

used for transmission of a corresponding EPDCCH downlink assignment in a 

downlink subframe n km, where m is the relative index of the downlink subframes 

and 05.m5M-1; and 

k is a dynamic offset modifier. 

26. A computer-readable storage medium having program code stored 

thereon, the program code when executed by a processor performing the method 

of any one of claims 1 to 12. 

27. A method comprising: 

receiving information on a configuration of an EPDCCH set, the 

configuration comprising a EPDCCH-set-specific PUCCH resources starting offset 

and at least one EPDCCH-set-specific parameter which is equal to or a multiple of 

a number of eCCEs in the EPDCCH set; 

determining a relative index of a DL subframe, an index of the first 

enhanced control channel element of the EPDCCH set carrying downlink 

assignment, and an index of a dynamic offset modifier; 

using the relative index of the DL subframe and the index of dynamic 

offset modifier to determine a value of the dynamic offset modifier; 

determining at least one PUCCH resource based on the received 

information, the index of the first enhanced control channel element of the 

EPDCCH set carrying downlink assignment, the determined relative index of the 

DL subframe and the determined value of dynamic offset modifier, and 

transmitting HARQ-ACK using the at least one determined PUCCH 

resource. 

28. The method as claimed in claim 27, further comprising applying the at 

least one EPDCCH-set-specific parameter downlink-subframe specifically. 

29. The method as claimed in claim 27 or 28, further comprising setting the 

relative index of the DL subframe 1 and deriving an index of the at least one 

PUCCH resource for a second subframe from a resource index of the at least one 

PUCCH resource of the first subframe. 
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