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1. Introduction

Resource selection details for PUCCH Format 3 were discussed at RAN1 #62bis including PRB indexing, OCC selection and HARQ resource indication (ARI) (see e.g. [1] – [4]). This contribution updates our recommendations in [1] for resolving the outstanding resource allocation issues of PUCCH Format 3.
2. Mapping to Physical Resources
Details of ARI

While it was agreed to use the TPC field on the PDCCH scheduling PDSCH on a SCell to indicate the PUCCH Format 3 resource, what is indicated by the ARI is still an open question. Two methods for signaling the Format 3 resource are described in [4]. Option 1 configures the UE with a semi-static resource 
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whereas the assigned resource is obtained as an incremental value
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. Option 2 in [4] reuses the PUCCH resource selection procedure for acknowledging SPS downlink scheduling activation, wherein the ARI indicates one of a set of 4 semi-statically configured PUCCH resources. Although Option 1 has the advantage that only one resource is semi-statically signaled Option 2, in our view, is preferable because of the flexibility it provides. This flexibility shall be shown later in this document to provide some benefits in PRB selection for PUCCH Format 3.

Proposal: the ARI value indicates one of a set of 4 semi-statically configured PUCCH resources. 
OCC selection

Define 
[image: image3.wmf](3)(3)
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as the spreading sequence length for the even and odd slots of a subframe respectively. The multiplexing capacity for Format 3 is determined by the OCC sequence length and/or the channel delay spread and it can be expressed as
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. Considering only the sequence length limitation, the OCC should be defined as 
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Proposal: OCC mapping is defined as 
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PRB selection
The selected PRB is given by
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where m can be defined with respect to either 
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with implication on the placement of the PUCCH Format 3 region. Based on the discussions at RAN1 #62bis it should be sufficient to define the start of the PUCCH Format 3 region by an offset parameter
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where this region can be located before or after the start of the dynamic PUCCH Format 1 region as shown in Figure 1.The Format 3 region can be a part of the Format 2 region (Figure 1(a)), between the static Format 1 region and the dynamic Format 1 region (Figure 1(b)), or within the dynamic Format 1 (or PUSCH) region (Figure 1(c)).
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Figure 1 Placement of Format 3 region: (a) between Format 2/2a/2b and mixed RB, (b) between mixed RB and Format 1/1a/1b region, (c) outside Rel-8/9 PUCCH region
If the Format 3 region is placed within the Format 2 region this may lead to over-dimensioning of PUCCH resources if at any time no UEs are configured for PUCCH Format 3 transmission. Otherwise a cell-wide RRC reconfiguration is necessary since 
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is cell specific.  The same over-dimensioning issue may occur in Figure 1(b) where the offset parameter 
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 defines the start of the dynamic PUCCH region. 
· Option 1: If 
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it implies that in shortened subframes not all PUCCH resources can be assigned in order to avoid collision. 
· Option 2: If 
[image: image15.wmf](3)(3)(3)

SF,1PUCCH

/

PUCCH

mnNN

êú

=+

ëû

more PRBs may be required for Format 3 in shortened subframes where
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. The impact of such a variable Format 3 region may cause encroachment into the dynamic PUCCH Format 1 region shown in Figure 1(b). On the other hand the impact may be lessened if it is placed as shown in Figure 1(c) but this may lead to some fragmentation of the PUSCH region if PUSCH transmissions can take place within the dynamic PUCCH region. Secondly, Figure 1(c) placement also mandates that the parameter ackNackSRS-SimultaneousTransmission is enabled if the sounding bandwidth overlaps with the Format 3 region in order to avoid collision of SRS and PUCCH transmissions.
Recalling that RAN1 agreed not to optimize for many UEs simultaneously transmitting on Format 3, only a few PRBs (e.g. 1 or 2) should be sufficient for PUCCH Format 3. The four semi-statically configured resources can be picked from any Format 3 PRB. As such the ARI provides sufficient flexibility for either option as follows:
· The ARI can be used to prevent collision of assigned resources in Option 1.
· For Option 2 the ARI can also be used to ensure that there is no variable resizing of the Format 3 region given that not many UEs are simultaneously transmitting using PUCCH Format 3.
At the risk of possible over-dimensioning we have a slight preference for Option 1 and either Figure 1(a) or 1(b) can be selected. 
Proposal: Format 3 PRB indexing is given by
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If remapping is desired for the odd slot a remapping scheme similar to Format 2 can be used

[image: image18.wmf](

)

(

)

(3)(3)

PUCCHSF,1

OCs

(3)(3)

SF,1OCsSF

modmod20

()

(1)1mod11mod21

s

s

nNn

nn

NnnNn

ì

=

ï

=

í

éù

-++-=

ï

ëû

î


An example is shown in the left two columns of Table 1 for
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. However, it is easily seen that this remapping scheme is not as effective for an odd-length OCC because one value will repeat across slots. For example when
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. Therefore, for odd-length OCC we propose a cyclic shift remapping scheme for the odd slot as
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As example of 
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 is shown in the right two columns of Table 1. 

Table 1 Illustration of 
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remapping across slots
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	Even slot
	Odd slot
	Even slot
	Odd slot

	0
	3
	0
	2

	1
	2
	1
	3

	2
	1
	2
	4

	3
	0
	3
	0

	
	
	4
	1


3. Mapping of cyclic shift for RS symbols
It is also agreed that Format 3 shall reuse the same RS symbol format as PUCCH Format 2. Therefore, the cyclic shift can be defined similarly to Format 2 as 
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where 
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[5]. To enable cyclic shift hopping for the RS, which is defined by the parameter 
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some modification is required because the PUCCH resource shall be allocated modulo
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in Format 2 allocation is defined modulo
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. A simple rule is to define an intermediate parameter  
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and apply a pre-determined rule to map
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. Note that this intermediate parameter can simply be 
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to avoid extra specification. Hence, the rule can be 
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where 
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is an offset parameter that may be configured by RRC signaling or pre-determined at the UE.
4. Conclusion

Several outstanding details for PUCCH Format 3 were considered in this contribution. It is recommended that RAN1 adopt the following proposals

· OCC mapping is defined as
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. 
· Format 3 PRB indexing is given by
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· If remapping is required for odd slot of a subframe reuse Format 2 remapping scheme for even-length
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, while for odd-length 
[image: image41.wmf](3)

SF,1

N

a simple cyclic shift is recommended in Section 3.

· Apply a simple offset rule for cyclic shift hopping of the PUCCH RS as

·  
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