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1. Introduction

In this paper, we suggest methods of uplink ACK/NACK resource allocation related to the CCE index for downlink assignment in E-UTRA TDD mode, especially for the cases where multiple downlink subframes are bundled for ACK/NACK bundling.
2. Methods of uplink ACK/NACK resource allocation
We suggest the following principles in uplink ACK/NACK resource allocation when an uplink subframe carries bundled ACK/NACK corresponding to multiple downlink subframes in TDD mode.
· When an uplink subframe should carry ACK/NACK corresponding to L downlink subframes, the ACK/NACK resources (combinations of RB, cyclic shift and orthogonal cover) are divided by L ACK/NACK resource subsets where each subset carries ACK/NACK corresponding to one of the L downlink subframes exclusively. This ACK/NACK resource separation is especially necessary when the PUCCH ACK/NACK index is derived by last assigned downlink subframe in a bundling window [1][2].
· In order to avoid an excessive uplink ACK/NACK resource reservation, the amount of reserved ACK/NACK resources should be semi-statically configurable so that number of ACK/NACK resources in an ACK/NACK resource subset can be set less than the number of CCEs in a downlink subframe.
Based on the principles above, we suggest methods of uplink ACK/NACK resource allocation as follows.
· Configurable amount of uplink ACK/NACK resources per ACK/NACK resource subset
As suggested above, ACK/NACK resources in an uplink subframe are divided by L subsets when L downlink subframes are linked to that uplink subframe for bundled ACK/NACK feedback. All the subsets contain same or similar amount of ACK/NACK resources. For convenience, let’s assume each subset contains same number of ACK/NACK resources, M, so that the uplink subframe contains L(M ACK/NACK resources in total. Then, M ACK/NACK resources in each subset are mapped to N CCEs in one of the L downlink subframes exclusively, where M can be configured as a value equal to or smaller than N. Here, N value should be maximum number of CCEs in a downlink subframe since actual number of CCEs can vary dynamically downlink subframe by subframe. Figure 1 shows an example with L=3.
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Figure 1  Example of uplink ACK/NACK to CCE mapping
· General rule of CCE to uplink ACK/NACK resource mapping which allows number of ACK/NACK resources smaller than number of CCEs

Let’s assume M ACK/NACK resources in a subset are indexed from 0 to M-1 and N CCEs in a downlink subframe are indexed from 0 to N-1 where order of CCE index can be virtually interleaved within each PUCCH RB as agreed in R1-081107 [3]. Then, an index of the same ACK/NACK resource can be remapped to CCE index when M<N. Figure 2 shows the example when N=14 and M=8.
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Figure 2  Example of uplink ACK/NACK index to CCE index remapping when M=8 and N=14
Repeated ACK/NACK index to CCE index mapping causes restriction in PDCCH scheduling since eNodeB should consider a same ACK/NACK resource is not linked to multiple PDSCH transmissions in a downlink subframe. However, this is the unavoidable cost for reducing the required amount uplink ACK/NACK resources.
· Specification of ACK/NACK resource subset and ACK/NACK index to CCE index remapping
ACK/NACK resource subset concept can be specified without any modification of current PUCCH resource indexing in TS36.211 [4] by converting CCE indexes of multiple downlink subframes to be consecutive as an example shown in figure 3. In figure 3, CCE indexes of two downlink subframes are converted to consecutive indexes, then, the converted CCE indexes are mapped to ACK/NACK indexes in a per-RB interleaved way as agreed in [3]
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Figure 3  Introducing ACK/NACK resource subset concept by CCE index conversion (extended CP, 3 RBs for ACK/NACK, 12 ACK/NACK resources per RB and 18 CCEs per downlink subframe assumed)
When the number of ACK/NACK resources per subset is smaller than the number of CCEs per downlink subframe, ACK/NACK resources in a subset should be remapped only to the CCEs in a same downlink subframe. This can be specified by CCE indexes in a downlink subframe are converted only within a certain range which is mapped to an ACK/NACK resource subset. Therefore, different CCEs in a downlink subframe may be assigned a same converted CCE indexes. This operation is shown in figure 4.
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Figure 4  ACK/NACK resource remapping by CCE index conversion (extended CP, 3 RBs for ACK/NACK, 12 ACK/NACK resources per RB and 31 CCEs per downlink subframe assumed)
We show an example of specification of this operation for TS36.213 [5] as follows, which cares about PUCCH format 1/1a/1b/2/2a/2b mixed RB and the case where number of CCEs is different between downlink subframes. The following also covers the CCE to ACK/NACK mapping agreed in [3].
------------------------------------------------------------------------------------------------------------------------------

* Yellow-coloured parts already exist in specifications.

[image: image5.wmf])

(

j

i

: CCE index of the jth CCE group, where CCE group consists of CCEs from a single subframe.


[image: image6.wmf])

(

j

N

CCE

: Number of (Maximum) CCEs for jth CCE group. (This should be replaced by 
[image: image7.wmf]CCE

N

 if the numbers of (maximum) CCEs for all subframes are set equal)

[image: image8.wmf]g

N

: Number of CCE groups in the PUCCH


[image: image9.wmf]å

-

=

=

1

0

)

(

g

N

j

CCE

G

CCE

j

N

N

  (This should be replaced by 
[image: image10.wmf]CCE

g

G

CCE

N

N

N

×

=

 if the numbers of (maximum) CCEs for all subframes are set equal)

[image: image11.wmf])

1

(

RB

N

: Number of available individual RBs for the sole transmission of format 1/1a/1b
c
: 2 for normal CP, 3 for Extended CP


[image: image12.wmf]PUCCH

shift

D

: cyclicshift spacing for format 1/1a/1b.


= { [1], 2, 3 }


[image: image13.wmf]RB

sc

N

= 12


[image: image14.wmf](1)

cs

N

: Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of formats 1/1a/1b and 2/2a/2b


[image: image15.wmf](1)

R

N

: Number of available individual resources per PUCCH RB which are assigned for the sole transmission of format 1/1a/1b


= 
[image: image16.wmf]PUCCH

shift

D

×

RB

sc

N

c



[image: image17.wmf])

1

(

M

N

: Number of available individual resource for format 1/1a/2b in RB in which format 1/1a/1b and format 2/2a/2b transmission is mixed


= 
[image: image18.wmf]PUCCH

shift

D

×

(1)

cs

N

c



[image: image19.wmf])

(

M

)

(

RB

)

(

R

)

(

T

N

N

N

N

1

1

1

1

+

×

=


< CCE index conversion >


[image: image20.wmf]ë

û

å

-

=

×

-

=

1

0

1

1

)

(

g

N

J

G

CCE

CCE

)

(

T

)

(

T

r

N

j

N

N

N

n



[image: image21.wmf]é

ù

ë

û

ï

î

ï

í

ì

×

<

×

=

else

)

(

for

)

(

)

(

1

1

G

CCE

CCE

)

(

T

r

G

CCE

CCE

)

(

T

g

t

N

j

N

N

n

j

N

j

N

N

j

n



[image: image22.wmf][

]

[

]

ï

î

ï

í

ì

+

=

=

å

-

=

1

0

else

)

(

)

(

mod

)

(

0

for

)

(

mod

)

(

j

k

g

t

g

t

g

t

k

n

j

n

j

i

j

j

n

j

i

i


<converted CCE index to ACK/NACK index mapping (following interleaved mapping agreed in [2] )>
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3. Summary
In this contribution, we suggest the following approaches for uplink ACK/NACK resource allocation in case where one uplink subframe carries bundled ACK/NACK for multiple downlink subframes in TDD mode. 
· ACK/NACK resources are divided by multiple subsets so that ACK/NACK resources of each subset are linked to one downlink subframe exclusively.
· ACK/NACK resources in a subset can be remapped to different CCEs so that number of ACK/NACK resources in a subset can be smaller than number of CCEs in a downlink subframe. As a result, amount of reserved ACK/NACK resources is semi-statically configurable.
We also showed an example of specification of the aspects above in TS36.213 [3] in this paper. 

4. References

[1] R1-08xxxx, ‘TDD Bundling Proposal: Way Forward,’ Motorola, et al.

[2] R1-081815, ‘Bundled ACK/NACK in TDD,’ LG Electronics

[3] R1-081107, “UL ACK/NAK resource allocation,” Qualcomm Europe, Panasonic, Samsung, Texas instruments, Nokia Siemens Networks, Nokia, Ericsson
[4] 3GPP TS36.211, E-UTRA: Physical channels and modulation, v8.2.0

[5] 3GPP TS36.213, E-UTRA: Physical layer procedures, v8.2.0

















































































































































_1268133170.unknown

_1268137423.unknown

_1268149489.unknown

_1268150605.unknown

_1268151185.unknown

_1268150492.unknown

_1268150383.unknown

_1268149359.unknown

_1268134985.unknown

_1268137417.unknown

_1268134423.unknown

_1268134984.unknown

_1267870801.unknown

_1268132141.unknown

_1268133031.unknown

_1268033517.unknown

_1268131636.unknown

_1268043950.unknown

_1267870826.unknown

_1267870769.unknown

_1267870784.unknown

_1267870753.unknown

