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1. Introduction

This contribution discusses some remaining issues for PUCCH format 3 particularly focusing on;
· Detail on OCC table for data symbols
· Cyclic shift allocation for DM RS
· OCC allocation on data symbols

· Resource allocation in SORTD
2. Detail on OCC Table for Data Symbols
The exact OCC mapping table for data symbol has not been agreed yet. The OCCs (Orthogonal Code Cover) on data symbols are defined as DFT code with SF=5 and Walsh code with SF=4. As discussed in [1], OCC remapping in slot level would help to randomize inter-code interference particularly in high speed scenarios. In high speed case with time selective channel, the code distances with DFT code would be translated to virtual impulse response for time selective channel in de-spreading operation. Also, the good partial orthogonality for each SF=2 with Walsh code of SF=4 would be helpful in high speed case. 
Table 1 OCC Table for data symbol in PUCCH format 3 (captured from [1])
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Proposal 1: Table 1 is applied as OCC table on data symbols for PUCCH format 3.
3. Cyclic Shift Allocation for DM RS 
In Rel-8 PUCCH format 1a/1b, the cyclic shift distance of 
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 is defined while there is no 
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 for PUCCH format 2/2a/2b. Since the resources for PUCCH format 1a/1b is linked to the lowest CCE index of DL grant, the parameter of 
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 seems to be necessary considering delay spread of channel. On the other hands, since the resources for PUCCH format 2/2a/2b are based on explicit RRC signalling, the network can efficiently control the distance of cyclic shift both for data and for RS symbols without 
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. In PUCCH format 3, since the resource allocation is also based on explicit RRC signalling, the CS distance can be also controlled by network. The only difference would be the data symbols on PUCCH format 3 do not utilize CS resources. Therefore, the predetermined CS table on the specification with maximal separation seems to be sufficient [1]. That is, CS values (0, 3, 5, 8, 10) are used for SF=5 and CS values (0, 3, 6, 9) are used for SF=4. Also, the randomization of CS distance across RS symbols would be considerable between CS resources [1].
Proposal 2: The tables in [1] for CS allocation for DM RS are supported to maximize CS distances.
4. OCC Allocation on Data Symbols
In last RAN1 63 meeting, it was agreed that the PRB indexing of “m” is based on spreading factor in 1st slot as following; 
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In addition, the following two proposals were discussed for OCC allocation on data symbols;
· Option 1: 
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· Option 2: 
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It was claimed that the same resource indexing can be kept with Option 2 both for non-SRS and SRS subframes [2]. However, we do not see clear benefit from that since the change of resource indexing is only limited within a PRB. In other words, the PRB location is not changed depending on SRS subframes, in which it has nothing to do with network scheduler or inter-cell interference co-ordination. It would rather require unnecessarily one additional modular operation.
Proposal 3: Option 1 (
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) is proposed for OCC resource allocation on data symbols.
5. Resource Allocation in SORTD 
The following is the detail of resource allocation for PUCCH format 3 with non-TxD;
· 4 semi-statically configured values of 
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· TPC fields (2 bits) on SCells are used as ARI (A/N Resource Indicator).
· All ARIs from SCells shall have the same values.
· The ARI value indicates the used PUCCH resource among four semi-statically configured values of 
[image: image23.wmf](3,)

PUCCH

p

n

%


With SORTD, the following two options could be considered;
· Option 1: 4 semi-statically configured values of 
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· The ARI value indicates the predetermined four-pairs among four resources (eg. See Table 2).
Table 2 Option 1 (4 semi-statically configured values; 
[image: image25.wmf](3,)

PUCCH,0

p

n

%

, …, 
[image: image26.wmf](3,)

PUCCH,3

p

n

%

)
	ARI value
	
[image: image27.wmf]0

(3,)

PUCCH

pp

n

=

 (for ant 0)
	
[image: image28.wmf]1

(3,)

PUCCH

pp

n

=

 (for ant 1)

	00
	
[image: image29.wmf](3,)

PUCCH,0

p

n

%


	
[image: image30.wmf](3,)

PUCCH,2

p

n

%



	01
	
[image: image31.wmf](3,)

PUCCH,0

p

n

%


	
[image: image32.wmf](3,)

PUCCH,3

p

n

%



	10
	
[image: image33.wmf](3,)

PUCCH,1

p

n

%


	
[image: image34.wmf](3,)

PUCCH,2

p

n

%



	11
	
[image: image35.wmf](3,)

PUCCH,1

p

n

%


	
[image: image36.wmf](3,)

PUCCH,3

p

n

%




· Option 2: 8 semi-statically configured values of 
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· The ARI value indicates a pair of orthogonal resources for two antenna ports (eg. See Table 3).
Table 3 Option 2 (8 semi-statically configured values; 
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While the benefit of Option 2 is not clear compared to Option 1 in terms of the efficiency of resource utilization by using ARI, Option 1 has smaller signalling overhead than Option 2. Although the difference between them is trivial, we slightly prefer Option 1 in terms of signalling overhead.
Proposal 4: Table 2 (4 semi-statically configured values) is slightly preferred for SORTD resource allocation considering signalling overhead.
6. Conclusions

In this contribution, we discussed a few remaining details on PUCCH format 3. As a conclusion, our proposals are;
· Detail on OCC table for data symbols
· Table 1 is applied as OCC table on data symbols for PUCCH format 3.
· Cyclic Shift Allocation for DM RS
· The tables in [1] for CS allocation for DM RS are supported to maximize CS distances.
· OCC Allocation on Data Symbols
· Option 1 (
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) is proposed for OCC resource allocation on data symbols.
· Resource Allocation in SORTD
· Table 2 (4 semi-statically configured values) is slightly preferred for SORTD resource allocation considering signalling overhead.
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