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1. Introduction

PUCCH Format 3 shall be supported in Rel-10 for multiplexing up to 11 A/N bits. Many design details including the encoding scheme, data-RS symbol format, data randomization, and some resource allocation issues were finalized at the RAN1 #62 meeting (see the agreements in [1]). A few outstanding details are discussed in this contribution with a view to concluding on these aspects. These issues include

· Fallback to Rel-8 implicit PUCCH resource allocation when the UE does not detect a PDCCH scheduling PDSCH on a SCell.
· Mapping to physical resources.
· Selection of orthogonal cover code (OCC) and cyclic shift for PUCCH RS.
2. Discussion
2.1. Re-use of Rel-8 PUCCH resource
RAN1 has agreed that [1]

· A PDCCH scheduling a PDSCH on a SCell shall convey an A/N resource indicator (ARI) which signals one of a set of higher layer configured PUCCH resources, subject to the condition
· The ARI does not increase the DCI format size.

· The UE assumes same ARI for all PDCCHs corresponding to PDSCH on SCells.
One proposal is to reuse the TPC bits in the DCI format for signaling one resource from the set of higher layer configured resources [2]. When a UE, which is configured for DL CA, does not detect any PDCCH scheduling PDSCH on one or more SCells, two options are possible: the UE uses the Rel-8 implicitly assigned PUCCH resource [3], or the ARI is signaled by the PDCCH scheduling PDSCH on the PCell. Some perspectives on both options are provided below.
1) Reusing Rel-8 resource: in our view this option provides a few benefits including

a. PUCCH uncertainty during RRC reconfiguration: a misunderstanding could occur during RRC reconfiguration such that the eNB and UE have different assumptions on the valid PUCCH configuration e.g. the set of higher layer configured PUCCH resources. This problem may be compounded if RRC reconfiguration overlaps in time for multiple UEs. A simple and implementation-specific solution is that the eNB only schedules the UE on the PCell during the RRC reconfiguration period. Note that this is similar in concept to the Rel-8 procedure of scheduling DL assignment using DCI format 1A during RRC reconfiguration.
b. Implicit DTX: transmitting on the Rel-8 PUCCH resource also provides an implicit DTX state feedback for the SCell in case of a missed detection of the PDCCH scheduling PDSCH on the SCell. Consequently, the eNB could refine PDCCH parameters before retransmission including power boosting or increasing the aggregation level. 
2) PDCCH corresponding to PDSCH on PCell indicates a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s). One merit of this option is that there is no dynamic switching between A/N transmission modes once a UE is configured to use PUCCH format 3 for A/N feedback. On the other hand it is unclear how to handle configuration misalignment between the UE and eNB during RRC reconfiguration. More importantly, the UE does not receive TPC bits for UL power control adjustment when this scenario occurs.
Proposal: a UE configured for carrier aggregation shall transmit on the Rel-8 PUCCH resource if it only detects a PDCCH scheduling PDSCH on the PCell. Furthermore, during RRC reconfiguration the UE is only scheduled on the PCell. 

2.2. Mapping to physical resources
The frequency region of PUCCH Format 3 shall be located with regard to the PUCCH region for Formats 1/1a/1b and 2/2a/2b. Consequently, there are two possibilities: insertion within the Rel-8/9 PUCCH region or the specification of an additional PUCCH region.
Insertion within the Rel-8/9 PUCCH region

Given that Format 3 cannot be multiplexed with Formats 1/1a/1b/2/2a/2b two options were proposed in [4] for insertion within the Rel-8/9 PUCCH region

· Option 1: insert the PUCCH Format 3 region between Format 2/2a/2b and the mixed RB region as shown in Figure 1(a). In order to provision for Format 3 resources this method implies a re-definition of the number of PRBs allocated to Format 2/2a/2b, which is configured by the RRC-signaled parameter
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is cell specific this option implies that a cell-wide RRC reconfiguration is necessary if, at any instance, there are no UEs configured for Format 3 PUCCH transmission (which is highly likely in early Rel-10 deployments). Otherwise, the system is over-dimensioned for PUCCH resulting in a loss in spectral efficiency. 

· Option 2: insert the PUCCH Format 3 region between the mixed RB and Format 1/1a/1b region as shown in Figure 1(b). This implies that the higher-layer configured offset parameter
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 cannot be configured to map 
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to both the mixed RB region and the Format 1/1a/1b region. The same over-dimensioning problem of Option 1 is also seen for Option 2.
Definition of additional PUCCH region
A different option is to define a new Format 3 region outside of the Rel-8 PUCCH region as shown in Figure 2. This region is specified by the number of PRBs exclusively allocated to PUCCH Format 1/1a/1b. The eNB can configure the UE via RRC signalling with a cell-specific parameter
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which defines the exclusive Format 1/1a/1b region. The benefits of this approach are

· It is transparent to Rel-8/9 UEs, wherein it is viewed as a part of the PUSCH region. 

· For a Rel-10 UE the Format 3 region based on 
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 is defined only if the said UE is configured for A/N transmission using Format 3. Otherwise the UE shall disregard
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· The PUCCH format 3 region is scalable based on the required multiplexing capacity. 
· There is no impact on Rel-8/9 PUCCH region due to the introduction of PUCCH Format 3 transmission. This is significant to simplify testing efforts that will allow early implementation of Rel-10 terminals because Rel-10 UEs shall only be configured to receive at most 2 DL CC, and channel selection can be configured for the A/N feedback.

A limitation of this approach is that 

· It requires that the parameter ackNackSRS-SimultaneousTransmission is enabled if the maximum sounding bandwidth overlaps with the Format 3 region in order to avoid collision of SRS and PUCCH transmissions. However, this may be left to a smart eNB implementation to avoid any issues.
Proposal: PUCCH Format 3 resources shall be mapped to a separate PUCCH region defined by the RRC-signaled parameter
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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
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Figure 2 Placement of Format 3 region outside of Rel-8/9 PUCCH region
2.3. Mapping of cyclic shift for RS and OCC for A/N symbols
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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where
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is the OCC sequence length for the odd slot of a subframe. If OCC remapping is required for the odd slot the remapping rule would depend on whether the shortened PUCCH format is configured in the cell. Regardless, it is recommended that the allocated OCC for the even slot be defined as
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, where 
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 is the resource signaled by the ARI field of the DCI format scheduling a PDSCH on a SCell. 

If the shortened PUCCH format is configured i.e. 
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the proposed remapping scheme is similar to Format 2 and is given by
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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


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 essentially 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.
3. Conclusion

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

· A UE configured for carrier aggregation shall transmit on the Rel-8 PUCCH resource if it only detects a PDCCH scheduling PDSCH on the PCell. Furthermore, during RRC reconfiguration the UE is only scheduled on the PCell. 
· An additional separate PUCCH region is defined for Format 3. 
· Simple modulo
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mapping for OCC of even slot of a subframe. 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 
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a simple cyclic shift is recommended.

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