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1 Introduction 
In the last RAN1 #62bis meeting, the resource indication and indexing of PUCCH format 3 has been discussed [1][3][4]. The main discussion point about the PUCCH format 3 resource indexing was how to determine the PRB index and OC index since the spreading factor of the time-domain orthogonal cover (OC) changes depending on whether the subframe is SRS configured or not. 

Also, the introduction of the ARI for PUCCH format 3 resource allocation was agreed as follows [1][2].
· TPC field in the PDCCH corresponding to PDSCH on PCell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on SCell is used as ARI.
· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
Details of the ARI remain FFS. In this contribution, we discuss the details of resource indication using the ARI and resource indexing such as PRB, OC sequence, and DM RS indexing for PUCCH format 3.
2 PRB and OC sequence index mapping 
Since the DFT-S-OFDM transmission cannot coexist in the same RB with other Rel-8/9 PUCCH formats, separate resource blocks need to be set aside for the PUCCH format 3. A new parameter 
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indicating the starting PRB position of the PUCCH format 3 resource region and a resource indicator may need to be defined. 
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 can be higher-layer signaled, and 
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can be indicated using a set of RRC parameters and the ARI.  
· For a UE with SORTD: four pairs of resources for 
[image: image5.wmf](3)

PUCCH

n

 are configured by RRC signaling and one of the resource pairs is indicated by the ARI.

·  For a UE without SORTD: four resources for 
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 are configured by RRC signaling and one of the four resources is indicated by the ARI.
The multiplexing capacity of OC sequences is limited by the spreading factor while the multiplexing capacity of demodulation reference signal (DM RS) is limited by the minimum separation between the DM RS cyclic shift, which is described by the cell-specific parameter
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in Rel-8/9. So the overall multiplexing capacity should be decided by the minimum of the two capacities, which is also consistent with other PUCCH formats such as formats 1/1a/1b and 2/2a. For this purpose, two new parameters, namely, the multiplexing factors of the first and second slots, 
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, are introduced and defined as below. 
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where
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is the spreading factors for the first and second slots, respectively. Since 
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 is reduced from 5 to 4 with 
[image: image15.wmf]2

,

1

=

D

PUCCH

shift

 in SRS configured subframes, the overall multiplexing capacity of PUCCH format 3 for a given subframe is given by 
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 of the subframe. 

To avoid collision with other resource regions such as PUCCH format 2 and PUCCH format 1/1a/1b, the PUCCH format 3 resource size should be kept the same for all subframes, and thereby the PRB index 
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 should be the same for all subframes. To minimize unused resources, the PRB index 
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 should be decided by the largest multiplexing capacity, which is the multiplexing factor of the first slot 
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The OC sequence index for the first slot 
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can be derived from the following equation:  
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Alternatively, the following equation can be considered [4].     
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For a given 
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, Eq. (3) generates different 
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depending on whether 
[image: image26.wmf]0

,

MF,1

MF

N

N

=

or not in the subframe while Eq. (4) generates the same 
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in all subframes for the first four 
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indices. But, we do not see much difference between the two equations in terms of resource indexing.

To randomize intra-cell inter-UE interference, the slot-level OCC remapping is applied to the OC sequence index of the second slot 
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 as shown below, and the mapping between the OC sequence indices and the OC sequences is defined as in Table 1 [5][6]. 
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Table 1 OC sequences for data symbol in PUCCH format 3 ([5])

	Sequence index 
[image: image31.wmf]oc

n


	Orthogonal sequence 
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3 DM RS resource mapping
The cyclic shift [image: image44.wmf])
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 for DM RS can be determined from 
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 in the same way as it is done for PUCCH formats 2, 2a and 2b in Rel-8/9 [7].
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where
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Then, we propose that 
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 be derived from the OC sequence index [image: image49.wmf]oc
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 as follows.
Normal CP:

 For 
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 is given as in Table 2.
Table 2
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For 
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Extended CP:

For 
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For 
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4 Conclusion
In conclusion, we propose the followings for resource indication and mapping for PUCCH format 3.
·  For a UE with SORTD: four pairs of resources for 
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 are configured by RRC signaling and one of the resource pairs is indicated by the ARI.

·  For a UE without SORTD: four resources for 
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 are configured by RRC signaling and one of the four resources is indicated by the ARI.
The PRB index 
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 and the OC sequence index 
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 are derived as described in the present document.
The cyclic shift for DM RS [image: image68.wmf])
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is determined as described in the present document.
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