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1. Introduction

At the RAN1#62bis meeting, several remaining issues were agreed upon regarding PUCCH format 3 for the ACK/NACK (A/N) multiplexing scheme. In terms of resource allocation for format 3, the following points were agreed upon [1].
· 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.

However, the details regarding the ARI (A/N resource indicator) have not yet been decided. Furthermore, physical resource block (PRB) resource indexing was discussed [2] – [5] but no agreement was reached. This contribution presents the remaining issues regarding the resource allocation scheme for format 3 in Rel-10.
2. PRB Resource Indexing
For the PRB mapping for PUCCH format 3 together with Rel-8/9 format 1/1a/1b and format 2/2a/2b, two alternatives are considered as shown in Fig. 1. Hereafter, PRB represents PRB per slot. In Alt. 1, format 3 is mapped onto the PRB located between the PRB for Rel-8/9 format 1/1a/1b and a mixed PRB in which both Rel-8/9 formats 1/1a/1b and 2/2a/2b can be allocated. On the other hand, in Alt. 2, format 3 is mapped between the PUSCH and Rel-8/9 format 1/1a/1b. For both alternatives, resource 
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 for format 3, which is configured by a higher layer, is newly introduced. 
In Alt. 1, parameter 
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 includes the PRB for format 3 as well as that for format 2/2a/2b. This definition does not affect the procedure for Rel-8/9 UEs. In this alternative, Rel-8/9 format 1/1a/1b is located next to the PUSCH region, and hence flexible resource allocation for the PUSCH is possible in the same way as that in Rel-8/9. On the other hand, the resource semi-statically reserved for format 3 can not be used even when format 3 is not necessary, and therefore increasing the resource overhead. Also, the eNB should assign both 
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 for format 2/2a/2b in order to avoid resource collision between these different formats. Another solution to the collision problem is to define another new parameter, 
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, to indicate the starting position of the PRB for format 3 [3]. In Alt. 2, this new parameter, 
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, to be configured by higher-layer signaling needs to be specified. Alt. 2 has an advantage in that the resource reserved for format 3 can be utilized for PUSCH resource allocation since ARI supports dynamic resource allocation for PUCCH format 3. In addition, the resources for format 3 are not always used because PUCCH format 1/1a/1b is used for the assignment of PDSCH on PCell only. 
Comparing the above two alternatives, we do not perceive a significant difference if the new parameter, 
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, is defined for both alternatives. When 
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, the mapping pattern becomes Alt. 1. Meanwhile, when 
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, the mapping pattern is Alt. 2. Therefore, Alt. 1 and Alt. 2 can be configured depending on the setting of 
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 through higher layer signaling. 
Proposal 1: 
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 should be defined to indicate the starting position of the PRB for format 3 so that Alt. 1 (between formats 2/2a/2b and 1/1a/1b) and Alt. 2 (between 1/1a/1b and PUSCH) can be configured depending on the setting of 
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Figure 1 – Resource mapping for PUCCH format 3
Regarding the spreading factor (SF) used to obtain a resource, three options are identified [2], [3]. Although we consider Alt. 2 in Fig. 1, the discussion below can be also applied to Alt. 1. The PRB index, 
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Three options for m and 
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 are considered from the viewpoint of the PRB size and multiplexing capacity depending on the subframe configuration. They are given as follows.
Opt. 1: Reduce multiplexing capacity and retain the same PRB size (SF in the 1st slot) [3]
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Opt. 2: Retain the same multiplexing capacity and increase the PRB size (SF in the 2nd slot) [2], [3]
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Opt. 3: Always use the multiplexing capacity of four and retain the same PRB size [2]
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In Opt. 1, when the sounding reference signal (SRS) subframe is configured, i.e.,
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, collision between OCC resources occurs within a PRB while the number of PRBs is kept the same as that for a non-SRS subframe [3]. The collision can be avoided by the eNB scheduler. On the other hand, in Opt. 2, the multiplexing capacity is kept the same irrespective of the type of subframe. However, the number of PRBs may increase in the SRS subframe and this may increase the scheduler complexity if Alt. 1 is adopted. Here, we note that if the eNB scheduler avoids using this increased PRB, Opt. 2 is very similar to Opt. 1. In Opt. 3, the multiplexing capacity per slot is always 4 and this decreases the multiplexing capacity for non-SRS subframes. Although we do not perceive a significant difference between Opt. 1 and Opt. 2, we have a slightly higher preference for Opt. 2. 
Proposal 2: Option 2 (SF in the 2nd slot) is applied to derive a resource for format 3.
3. Details of ARI
A set of PUCCH resources for PUCCH format 3 is explicitly allocated by RRC signaling and semi-statically reserved for each UE. Furthermore, to reduce the overhead, ARI in the PDCCH corresponding to PDSCH on the Scell dynamically indicates a resource. It was also agreed that the TPC field in the PDCCH corresponding to PDSCH on the Pcell is used as the TPC command and the TPC field (2 bits) in the PDCCH corresponding to the PDSCH on the Scell is used as the ARI. Therefore, 4 resources for format 3 can be reserved for each UE via RRC signaling. Two types of resource configurations by RRC signaling are considered. One configuration is to reserve four default resources for each UE. The other configuration is to reserve one default resource and three offset values for each UE. Here we note that 4 default resources are configured for PUCCH resource allocation of semi-persistent scheduling in Rel-8/9. Although we do not have strong preference for either of these two configurations, the configuration with four default resources is slightly preferable.
It was also agreed at the RAN1#62 meeting that the UE assumes the same ARI for all PDCCHs corresponding to the PDSCH on the SCells. If no PDCCH corresponding to the PDSCH on the SCells is received, and the PDSCH is received on the PCell, the Rel-8 PUCCH 1a/1b resource is used. However, when multiple ARIs for PDCCHs corresponding to the PDSCH on SCells indicate different resources due to false detection of the PDCCH, the UE behaviour remains unclear. The simplest behaviour is that a UE shall discard the PDCCH as in the case that consistent control information is not detected as indicated in [6]. In this case, the eNB assumes that no PDCCH is received at the UE even if PDCCHs on most Cells are correctly received, resulting in an unnecessary retransmission for those Cells. Hence, defining the following behaviour may be helpful without causing an impact on the specification.
· UE uses a Rel-8/9 resource if the PDSCH on the PCell is received
The eNB is able to understand that the PDSCH is received on the PCell. The use of a Rel-8/9 resource was agreed upon if no PDCCH corresponding to the PDSCH on the SCells is received. Therefore, this behaviour seems natural and there is no disadvantage to define this. 
Proposal 3: In the case that multiple ARIs for PDCCHs corresponding to the PDSCH on the SCells indicate different resources, a UE uses a Rel-8/9 resource when the PDSCH on the PCell is received. Otherwise, the UE shall discard the PDCCH.
4. Conclusion

This contribution presented our views on the resource allocation scheme for format 3. Our proposals are as follows.
Proposal 1: 
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 should be defined to indicate the starting position of the PRB for format 3 so that Alt. 1 (between formats 2/2a/2b and 1/1a/1b) and Alt. 2 (between 1/1a/1b and PUSCH) can be configured depending on the setting of 
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Proposal 2: Option 2 (SF in the 2nd slot) is applied to derive a resource for format 3.
Proposal 3: In the case that multiple ARIs for PDCCHs corresponding to the PDSCH on the SCells indicate different resources, a UE uses Rel-8/9 resource when the PDSCH on the PCell is received. Otherwise, the UE shall discard the PDCCH.
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