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1 Introduction
The current Rel-10 CR 36.211 [1] captures that a UE would dynamically determine a PUCCH format 3 resource 
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, from a semi-statically signaled set of 4 resource numbers and a dynamically signalled ARI number. However, details on how we derive OCC and PRB of PUCCH format 3 from 
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 have not been captured in the specification. Furthermore, it is not decided how to derive DM RS resources from 
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, either. 

In this contribution, we discuss about these remaining details on PUCCH format 3 resource indexing.

2 Mapping to physical resource block
Two alternatives are possible for the PRB location of PUCCH format 3 (Figure 1). Taking into account the principle of Rel-8/9, the PRB of format 2/2a/2b is positioned at the outermost frequency band:

· Alt. A: the PRB of format 3 is mapped between the PRBs for format 2/2a/2b and mixed format 1/1a/1b and 2/2a/2b.
1. 
[image: image4.wmf](2)

RB

N

PRBs are shared for the transmission of PUCCH format 2/2a/2b and PUCCH format 3. Accordingly, 
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 is redefined as the bandwidth available for use by PUCCH formats 2/2a/2b and PUCCH format 3. This enables the PRB indexing for mixed PUCCH format 1/1a/1b and format 2/2a/2b and PUCCH format 1/1a/1b to be retained as in Rel-8/9.
· Alt. B: the PRB of format 3 is mapped between the PRBs for format 1/1a/1b and PUSCH.
1. Additional higher layer signalled boundary PRB (
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) between format 1/1a/1b and format 3 is needed.

Due to the different transmission scheme of PUCCH format 3, it cannot be multiplexed with the other PUCCH format within the same PRB.
The unused PRB of format 1/1a/1b can be reused for the PUSCH transmission which maximizes resource utilization. Though the unused PRB of format 1/1a/1b in Alt. B is fragmented from the PUSCH PRB (this is not the case in Rel-8/9 and Alt. A), the eNB can handle this by scheduling, e.g. non-contiguous PUSCH. 
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Figure 1 PRB mapping – Alt. A (left) and Alt. B (right)

In Alt. A, sharing the resource pool of
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 PRBs may incur collision between format 2/2a/2b and format 3. In order to avoid this situation, there are some possible alternatives:

· Alt. A1: numbering the resource index for PUCCH formats 3, 
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, starting from additional higher layer signalled boundary PRB (
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) towards inner PRB
1. Hard partitioning clearly prevents collision.
2. 
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is determined according to higher layer configured resource for format 3, ARI, and 
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· Alt.A2: numbering the resource index for PUCCH formats 3, 
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1. Flexible resource utilization between format 2/2a/2b and format 3
2. 
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is determined according to higher layer configured resource for format 3 and ARI.
· Alt.A3: To leave it eNB implementation (the eNB can handle this by proper resource allocation.) 

1. No more specification effort
2. 
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is determined according to higher layer configured resource for format 3 and ARI.
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Figure 2 Alt. A1 (left) and Alt. A2 (right)

3 Physical resource identification
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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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(c) SRS subframe: 
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Figure 3 Mapping of OCC number (
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, where PRB mapping is done according to Alt A1 or A3.
In this section, we discuss about alternatives on deriving an OCC number (
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. We denote the spreading factors in slots 0 and 1 of a subframe by 
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=5 in a normal-CP non-SRS subframe, and 
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=4 in a normal-CP SRS subframe. In general, 
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as in the following:
· 
[image: image35.wmf]PRB
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 for PUCCH format 3 can be derived as in the identical way to the Rel-8 PUCCH resource indexing, i.e., by the following equation:
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where 
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 will be derived by 
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· 
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 for PUCCH format 3 should be derived so that the maximum number is no larger than the multiplexing capacity per PRB in a subframe, i.e., 
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We consider three alternatives for deriving 
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 and first and second slot OCCs, 
[image: image42.wmf]oc,0

n

 and 
[image: image43.wmf]oc,1

n

, from 
[image: image44.wmf])

3

(

PUCCH

n

. Below, we assume 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 assume that the PRB mapping is done according to Alt A1 or Alt A3. 
· Equation set 1:
· 
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· Equation set 2:
· 
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· Equation set 3:

· 
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Figure 3 describes the resultant mappings of an OCC number 
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). On the other hand, in SRS subframes where 
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=4, all the four example sets would generate different mapping results:
· When equation set 1 is used, we may need more PRBs for format 3 in SRS subframes than in normal subframes.

· When equation set 2 or 3 is used, the total number of PRBs for format 3 in SRS subframes can be kept the same as that non-SRS subframe, with a smart scheduler avoiding resource collisions. When equation set 3 is used, we find the following differences from equation set 2. 
1. The physical resource pair 
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[image: image64.wmf]0

=

OC

n

, while in a SRS subframe, we have 
[image: image65.wmf]OC

n

=1. 
2. While by equation set 2 resource collision always occurs on a resource with 
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To keep the PUCCH format 3 region size for SRS subframes the same as for non-SRS subframes, equation set 1 should be avoided. On the other hand, as equation 2 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 slight preference for equation set 2 to equation set 3. 
Proposal: An OCC number 
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4 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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 UEs, considering format 3 TxD, up to (2
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) orthogonal DM RS resources should be defined per PUCCH format 3 PRB. There will be 
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 UEs multiplexed in the PRB. Hence, it seems that it is natural to derive a DM RS resource from 
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Proposal: Derive a DM RS resource from 
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, i.e., the orthogonal cover index of PUCCH format 3.

One example of deriving a CS from 
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 is presented in Table 1. Some features of Table 1 are listed below:
1. 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, according to when 
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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. 

5 Conclusions
In this contribution, remaining details on the PUCCH format 3 resource indexing are discussed. 

For PRB mapping, physical resource indexing and DM RS resource indexing for PUCCH format 3, we propose the following:

· PRB mapping: The PRB of format 3 is mapped between the PRBs for format 2/2a/2b and mixed format 1/1a/1b and 2/2a/2b.

1. As a baseline, leave the operation of sharing the resource pool of
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 PRBs between format 2/2a/2b and format 3 to the eNB implementation. 
· Resource indexing: An OCC number 
[image: image94.wmf]OC

n

 and a PRB number 
[image: image95.wmf]m

 are derived from 
[image: image96.wmf])

3

(

PUCCH

n

 according to the following equation:

1. 
[image: image97.wmf]ë

û

)

3

(

0

,

SF

(3)

PUCCH

RB

N

N

n

m

+

=

 

2. 
[image: image98.wmf]1

,

SF

0

,

SF

(3)

PUCCH

oc,1

oc,0

mod

)

mod

(

N

N

n

n

n

=

=

.
· 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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(b) SRS subframe: 
equation set 1.


8


9


3


5 9


6


7


8


0


1


2


3


(c) SRS subframe: 
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equation set 3
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