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1 Introduction
The 36.211 v10.0.0 [1] captures that a UE should determine a PUCCH format 3 resource 
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where the two functions 
[image: image9.wmf])

(

0

×

f

 and 
[image: image10.wmf])

(

1

×

f

 are FFS. Finally, the DM RS CS 
[image: image11.wmf]p

~

a

 is determined by, 


[image: image12.wmf](

)

)

(

)

(

mod

)

(

)

,

(

)

,

(

)

,

(

2

)

,

(

)

~

,

3

(

PUCCH

s

~

RB

sc

s

~

s

cell

cs

s

)

~

(

cs

RB

sc

s

)

~

(

cs

s

~

p

p

p

p

p

p

n

f

n

n

N

n

n

l

n

n

l

n

n

N

l

n

n

l

n

=

¢

¢

+

=

×

=

p

a

,
where the function 
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In this contribution, we discuss these remaining details on PUCCH format 3 resource indexing. This contribution has been revised from [3] to reflect up to date discussions and decisions in RAN1:

· Resource indexing for SORTD.

· Slot-level OCC remapping.

2 Physical resource identification
2.1 For Single Antenna Port
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(a) Determination of OCC and PRB numbers of a PUCCH format 3 

transmitted in a normal subframe.
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(b) SRS subframe: 

equation set 1.
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(c) SRS subframe:

equation set 2
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Figure 1 Mapping of OCC number 
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Deriving an OCC number (
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Assuming that there is one PRB offset number 
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 for PUCCH format 3, which can be either a higher-layer signalled number, or a fixed number, e.g., 0, we consider two alternatives. 
· Equation set 1:
· 
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· Equation set 2:
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Figure 3 describes the resultant mappings of an OCC number 
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1. The physical resource pair 
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2. While by equation set 2 resource collision always occurs on a resource with 
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As equation 1 has better properties for eNodeB’s resource scheduling as the mapping properties does not change depending on subframe types or the PRB numbers as much as equation 3, we have a preference for equation set 1 to equation set 2. 
Proposal: An OCC number 
[image: image43.wmf])

~

(

oc,0

p

n

 and a PRB number 
[image: image44.wmf]m

 are derived from 
[image: image45.wmf])

~

,

3

(

PUCCH

p

n

 according to the Equation set 1, i.e.:

· 
[image: image46.wmf]ë

û

)

3

(

0

,

SF

(3)

PUCCH

RB

N

N

n

m

+

=

 .

· 
[image: image47.wmf]1

,

SF

0

,

SF

(3)

PUCCH

)

~

(

oc,0

mod

)

mod

(

N

N

n

n

p

=

.

OCC slot-level remapping:

In RAN1#63, OCC slot-level remapping was discussed, and the following has been captured in the chairman’s note:

· Use OCC remapping across slots

· Working assumption to use Rel-8 remapping adapted to the format 3 SF

· Check until RAN1#63bis whether inter-cell interference presents a significant problem that requires a modification to the remapping. 
Figure 2 shows CDFs of a normalized cross-correlation between two PUCCHs with two different OCCs in shortened format 3 transmitted in a same RB, evaluated in independent Rayleigh single-tap channels of 30kmh and 100kmh UEs. The figure shows that the cross-correlations are non-negligible and significantly different depending on which set of PUCCHs are transmitted in a PRB. From the figure, it is clear that the OCC remapping is beneficial for intra-cell randomization. 
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Figure 2 CDFs of cross-correlations evaluated with two PUCCH format 3’s with two different OCCs transmitted in a same PRB
On the other hand, for coping with the inter-cell interference randomization, we have already agreed to apply symbol-level CS hopping. In [4], it has been stated that, 
“Symbol-level cyclic shift hopping only shuffles the QPSK data modulated symbols in frequency domain,”
and a few evaluation results were presented that the symbol-level CS hopping does not help us much on coping with inter-cell interference under this statement. However, the statement does not seem to be true, as the CS hopping occurs in pre-DFT domain, and DFT’ed CS-hopped SC-FDM symbols are not merely shuffled ones. 

Furthermore, it is not clear whether we can get further inter-cell interference randomization gain by adopting a cell-specific OCC remapping. 
· In one example, when a UE using OCC1 in PRB1 in cell 1 has five strong interferers in the same PRB1 in cell 2, regardless of how we design OCC remapping, the UE will receive the same level of inter-cell interference. 
· In another example, when a UE using OCC1 in PRB1 in cell 1 has only one strong interferer using the same OCC1 in the same PRB1 in cell 2, cell-specific remapping may look better in inter-cell interference, as different OCCs are used at least in the second slot. However, the method increases probability of OCC collision in one slot. This comparison is illustrated in Figure 3.
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Figure 3 Rel-8 type remapping vs. cell-specific remapping

Proposal: Keep the current working assumption of slot-level OCC remapping: use Rel-8 remapping adapted to the format 3 subframe.
2.2 For Dual Antenna Ports (SORTD)
For a particular UE, up to 4 resources are semi-statically configured by the eNB via a radio resource controller (RRC) signaling. Let these resources be represented by the indices
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For the single-antenna case discussed in the previous subsection, the resource index is indicated by the ARI, so 
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. For dual-antenna case, we consider two alternatives, for 
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· Alt 1: 
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· Alt 2: 
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Between the two alternatives, we have a preference on Alt 1, as Alt 2 may result in 
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Proposal: 
[image: image58.wmf])

mod

)

~

((

ARI

ARI

(3)

PUCCH

)

~

,

3

(

PUCCH

N

p

n

k

n

p

+

º

 , where 
[image: image59.wmf]ARI

N

=4.
3 DM RS resource indexing
In this section, we consider DM RS resource mapping for PUCCH format 3. 
As one PUCCH format 3 PRB can multiplex 
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Proposal: Derive a DM RS resource from 
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One example of deriving a CS from 
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 is presented in Table 1. Some features of Table 1 are listed below:
· It is ensured that the 5 (or 4) CS numbers used for 5 (or 4) UEs multiplexed in a PRB are maximally separated. In particular, in SRS subframes, only 4 
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 numbers, i.e., 0, 1, 2, 3 are used, and then the four CS numbers can be maximally separated. 

Table 1 DM RS resource allocation Example 1.
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Proposal: CS numbers for the 
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 UEs multiplexed in a PRB are chosen so that the 
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 numbers maximally separate the 12 numbers of 0, 1, ..., 11, in SRS and non-SRS subframes. 

4 Conclusions
In this contribution, remaining details on the PUCCH format 3 resource indexing are discussed and the following has been proposed:
· Resource indexing: An OCC number 
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· Slot-level OCC remapping: Keep the current working assumption of slot-level OCC remapping; use Rel-8 remapping adapted to the format 3 SF.
· Additional resource for SORTD: The two resource are determined by the following equation: 


[image: image77.wmf])

mod

)

~

((

ARI

ARI

(3)

PUCCH

)

~

,

3

(

PUCCH

N

p

n

k

n

p

+

º

 , where 
[image: image78.wmf]p

~

=0 or 1, and 
[image: image79.wmf]ARI

N

=4.
· DM RS resource indexing:
1. Derive a DM RS resource from 
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, i.e., the orthogonal cover index of PUCCH format 3.

2. CS numbers for the 
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 UEs multiplexed in a PRB are chosen so that the 
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 numbers maximally separate the 12 numbers of 0, 1, ..., 11, in SRS and non-SRS subframes. 
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(a) Determination of OCC and PRB numbers of a PUCCH format 3 transmitted in a normal subframe.
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