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1 Introduction

At RAN1 meeting #62 and #63 it has been agreed that RRC configures 4 PUCCH Format 3 resources  and an ACK/NACK resource indicator (ARI) is used to dynamically select one out of these resources [1] [3]. ARI is included in the TPC bits of SCells [2]. The PUCCH Format 3 resources are indicated by a resource index which enables flexible placement of PUCCH Format 3 resources across the whole transmission bandwidth [3]. The PRB used for PUCCH Format 3 is derived from the PUCCH Format 3 resource index assuming a multiplexing capacity of 
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per PRB [3].

In this paper remaining issues for PUCCH Format 3 are investigated and corresponding proposals are made. 

2 Discussion
2.1 Orthogonal Spreading Sequence for Data

The PUCCH resource 
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 determines both the resource block and the orthogonal time-domain cover code (OCC)
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used for antenna port 
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. The mapping between 
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and the resource block 
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 depends on the multiplexing capacity 
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of the first slot and is given by
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All PUCCH Format 3 transmissions on the same resource block must use a different OCC 
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since otherwise orthogonality is lost and PUCCH collisions occur.

Companion contribution [7] as well as [6] evaluate the performance of PUCCH Format 3 in presence of a single dominant inter-cell disturber. Various inter-cell-interference mitigation techniques are investigated and it is shown that cell-specific OCC hopping guarantees even satisfactory performance in this challenging interference environment. For both normal subframes and shortened subframes the OCC sequence number for slot 
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The modulo operation with 
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ensures valid OCC sequences even in shortened subframes. The hopping sequence 
[image: image13.wmf](

)

s

cell

OCC

n

n

is defined as


[image: image14.wmf](

)

(

)

å

=

×

+

×

=

7

0

2

8

m

m

s

s

cell

OCC

m

n

c

n

n

,

where the pseudo-random sequence 
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 is defined in Section 7.2 of [5]. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame. 

We note that this solution does not guarantee that OCC pairs that are neighbours in the first slot are more separated in the second slot. This behaviour would be desirable for users experiencing high Doppler shifts. However, we believe optimizing for inter-cell interference mitigation is more important than for high speed users. 

Proposal 1: OCC sequence number for slot 
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[image: image18.wmf](

)

(

)

(

)

PUCCH

SF,1

)

~

3,

(

mod

N

n

n

n

n

n

p

PUCCH

s

cell

OCC

s

OC

+

=

with 
[image: image19.wmf](

)

(

)

å

=

×

+

×

=

7

0

2

8

m

m

s

s

cell

OCC

m

n

c

n

n

 .

2.2 Cyclic Shifts for Reference Signals

It has been agreed that PUCCH Format 3 reuses the reference signals from PUCCH Format 2, i.e. cyclic shifted CAZAC sequences. The base sequences selection as well as group hopping and sequence-shift pattern can be reused from PUCCH Format 1 and 2; see Section 5.5 of [5].

Also for the cyclic shift a similar approach as for PUCCH Format 2 can applied, i.e. 
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The function 
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 varies with the symbol number 
[image: image23.wmf]l

 and the slot number 
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but not with PUCCH resource index
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and is specified in Section 5.4 of [5].  

Per resource block 
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orthogonal reference signals and thus different cyclic shifts are needed to obtain full multiplexing capacity. For PUCCH Format 1 the parameter 
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has been introduced to control the distance between two consecutive cyclic shifts. It makes sense to reuse this parameter here. A simple formula for 
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Both for 
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equals to 1 and 2 the number of available cyclic shifts and thus orthogonal reference signals is larger than 
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and does not limit multiplexing capacity. However, for 
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the number of orthogonal reference signals is limited to 4 which also sets the multiplexing capacity per resource block. Even for subframes using normal PUCCH Format 3 the multiplexing capacity is limited to 4, the same as for the shortened PUCCH Format. 

Proposal 2: The cyclic shift for PUCCH Format 3 reference signals is derived according to 
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2.3 PUCCH Format 3 Resources for SORTD

If SORTD is configured PUCCH Format 3 is transmitted over two antenna ports using orthogonal resource 
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for each antenna port
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. The mapping between 
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is given by Table 5.2.1-1 of [4]. 

Resources for the second antenna port are configured in the same way as for the first antenna port, i.e. via RRC signalling a second set of 4 PUCCH Format 3 resources is configured. Note that RAN1 has earlier agreed to handle PUCCH 1a/1b resources for semi-persistent scheduled terminals applying SORTD in a similar way [8].  

ARI dynamically selects one resource of the second set to be used for the second antenna port. The same ARI is used for first and second antenna port.

Proposal 3: A second set of 4 PUCCH Format 3 resources is semi-statically configured for the second antenna port. ARI selects one resource of the configured second set to be used for the second antenna port. The same ARI is used for first and second antenna port. 

3 Conclusion
In this contribution we discuss remaining design choices for PUCCH Format 3. The following is proposed:

Proposal 1: OCC sequence number for slot 
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Proposal 2: The cyclic shift for PUCCH Format 3 reference signals is derived according to 
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Proposal 3: A second set of 4 PUCCH Format 3 resources is semi-statically configured for the second antenna port. ARI selects one resource of the configured second set to be used for the second antenna port. The same ARI is used for first and second antenna port.
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