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1 Introduction
Enhancement on carrier aggregation (eCA) has been approved as a WI in R-13. With eCA, up to 32 CCs can be aggregated together. When more CCs are supported, one important issue is the PUCCH overload, which can be mitigated by allowing PUCCH to be transmitted on serving cells other than PCell and PSCell. In this contribution, we present our views on the general scenarios and potential issues for the support of PUCCH on SCell.
2 Discussion
2.1 General
The idea of transmitting PUCCH on SCell has been adopted in Rel-12 dual connectivity (DC). Though the rationales behind are different, some procedures for DC may be re-used for eCA. Similar to the PSCell defined for SCG under DC scenario, a specific name needs to be assigned to a SCell carrying PUCCH. We propose to name such a SCell as a special SCell, abbreviated as SSCell. Notice that DC may be considered for eCA in the future although it is not mentioned in the eCA WI, thus the term of PSCell should be reserved. Only those SCells carrying PUCCH but is not PSCell are referred to as SSCells.
Proposal 1:
A PUCCH-carrying SCell which is not a PSCell is referred to as a special SCell, abbreviated as SSCell.
In the following sections, details about terminology and procedures are further discussed.
2.2 Refined cell grouping

In DC, the serving cells are divided into MCG and SCG based on the serving eNB of each cell. As proposed in [1], when more cells are aggregated, subgroups may be formed within each CG so as to maintain the validity of conventional serving cell indexing. If cell subgroups are formed, the control signalling is limited to serving cells belonging to the same subgroup. Therefore, each cell subgroup must include one (and only one) SSCell carrying PUCCHs for its serving cells. More details about the procedures and benefits of cell sub-grouping can be found in [1].
Proposal 2:
The serving cells of each CG can be further divided into subgroups. In each cell subgroup, there should be exactly one special SCell which carries the PUCCHs for serving cells belonging to the subgroup.
The above proposals are illustrated in Figure 1.
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Figure 1
2.3 Configuration of special SCells

When PUCCH on SCell is configured, PUCCH is not necessarily transmitted on PCell/PSCell. As a result, additional signalling is needed to indicate (1) which SCells are configured as special SCells, and (2) the corresponding PUCCH-carrying cell (PCell, PSCell, or SSCell) of each serving cell.

We first consider the method of specifying a special SCell; two alternatives are given as follows.
Alt. 1: Include PUCCH configuration in the configuration of a SCell.
Since PUCCH configuration does not present in a normal SCell not carrying PUCCH, whenever a PUCCH configuration is found in the configuration of a SCell, this SCell is implicitly assigned as a special SCell. In this way, no explicit indication for SSCell is needed. 
Alt. 2: Introduce an independent list of SSCells, separated from the lists of normal SCells.

Similar to the separated indication of PSCell in RRCConnectionReconfiguration, the SSCell may also be indicated as a separated list from the list of normal SCells. In this way, a new IE for SSCell is defined, which contains the PUCCH configuration.
The choice between the two alternatives depends on the necessary configurations for special SCell. If the only difference between the configurations of sSCell and that of normal SCell is the PUCCH configuration, Alt 1 seems a better choice due to its simplicity. Therefore we have the following proposal.
Proposal 3:
When a SCell is to be configured as a special SCell, the PUCCH configuration is included in the configuration of the SCell. The existence of PUCCH configuration also implicitly indicates the SCell’s role as a special SCell.
The indication of corresponding PUCCH-carrying cell for each serving cell is simple if the subgroup indexing method proposed in [1] is adopted. In the proposed method, additional RRC signalling is used to indicate the subgroup index for each cell. In this way, the PUCCH of a serving cell is transmitted on the only PCell/PSCell/SSCell in the subgroup it belongs to.
Proposal 4:
The subgroup index is provided to each serving cell via additional signalling, and the PUCCH is transmitted on the only PCell/PSCell/SSCell of the subgroup the serving cell belongs to.
Along with the SSCell configuration, the procedures for SSCell change and de-activation also need to be studied. Similar to PCell/PSCell, a SCell should not be directly deactivated whenever it is configured as an SSCell (i.e., carrying PUCCH). On the other hand, changing SSCell seems less complicated than changing PCell/PSCell, and a (simpler) RRC procedure different from that for PCell/PSCell change may be adopted. Further study is required.
Proposal 5:
A SCell cannot be directly deactivated whenever it is configured as an SSCell. The SSCell can be changed via RRC reconfiguration, and the detailed procedure is FFS.
2.4 More than 5 DL CCs in each subgroup
With the cell sub-grouping proposed in [1], it is possible to have more than 5 DL CCs in a subgroup. In this case, the SSCell has to carry the HARQ feedback of more than 5 CCs, which cannot be supported by any of the conventional PUCCH formats. We see two alternatives for this issue.
Alt 1: Modifying current PUCCH format 3
It is possible to put more bits into a PUCCH format 3 without occupying more PRBs, simply by using higher code rate. Considering the HARQ feedbacks for 8CCs (4 bits per CC) plus one SR bit and keeping the 48-bit codeword, the maximum code rate becomes 33/48 = 0.6875 (for conventional PUCCH format 3, the maximum code rate is 21/48 = 0.4375). An increased code rate and therefore decreased Hamming distance reduce the error-correction capability. The feasibility of PUCCH format 3 with increased code rate requires further evaluation.
Alt 2: Multiple PUCCHs for HARQ feedback

Another alternative that require no modification of PUCCH format is to allocate multiple PUCCH resources to a single UE for HARQ feedback. In this way, some protocol changes (e.g., the indication of allocated PUCCH resources) may be needed.
Proposal 6:
Study the feasibility of PUCCH format 3 with increased code rate. Study the feasibility and required protocol change to support multiple PUCCH resources for a single UE.
Notice that if the above alternatives are both infeasible, a simple though less efficient method is to further restrict the size of subgroup to 5 CCs. Then the uplink control feedback operation in each subgroup is similar to that in conventional CA.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
A PUCCH-carrying SCell which is not a PSCell is referred to as a special SCell, abbreviated as SSCell.
Proposal 2:
The serving cells of each CG can be further divided into subgroups. In each cell subgroup, there should be exactly one special SCell which carries the PUCCHs for serving cells belonging to the subgroup.

Proposal 3:
When a SCell is to be configured as a special SCell, the PUCCH configuration is included in the configuration of the SCell. The existence of PUCCH configuration also implicitly indicates the SCell’s role as a special SCell.

Proposal 4:
The subgroup index is provided to each serving cell via additional signalling, and the PUCCH is transmitted on the only PCell/PSCell/SSCell of the subgroup the serving cell belongs to.
Proposal 5:
A SCell cannot be directly deactivated whenever it is configured as an SSCell. The SSCell can be changed via RRC reconfiguration, and the detailed procedure is FFS.
Proposal 6:
Study the feasibility of PUCCH format 3 with increased code rate. Study the feasibility and required protocol change to support multiple PUCCH resources for a single UE.
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