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Introduction
In the RAN Plenary #66 meeting, the new Work Item ‘LTE Carrier Aggregation Enhancement Beyond 5 Carriers’ was approved and the corresponding discussion will be started in this meeting. According to the objectives mentioned in the [1], the following targets related to RAN1 are identified: 
1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.
· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].
2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
Some considerations for Rel-13 carrier aggregation enhancement related to PUCCH will be discussed in this document. 

Discussions
Considerations on the motivation of Rel-13 enhancement
As the WID mentioned, the following two key aspects of work are needed.
· SCell PUCCH based on dual connectivity for UEs supporting UL CA
· PUCCH enhancement for support of up to 32 component carriers
However, these features are not exclusive and as we mentioned in the section 2.3, if two CC groups are configured like dual connectivity. SCell PUCCH is transmitted for UCI of more than 5 DL CCs. In that sense, we should discuss whether or not the combination of SCell PUCCH and PUCCH enhancement is applied.
Proposal 1: 
· RAN1 should discuss whether or not the combination of SCell PUCCH and PUCCH enhancement is applied.

SCell PUCCH transmission
We should consider firstly how to transmit PUCCH for Rel-13 CA enhancement, especially in case of more than 5 DL CCs. In the WID, we interpret that the SCell PUCCH transmission is included to support a dual connectivity-like UCI mechanism and PUCCH should be transmitted on PCell. However, in our view, it is preferable that single PUCCH transmission on SCell can be applied to a Rel-13 CA capable UE supporting more than 5 DL CCs for the reduction of UE power consumption. For example, for a UE, a macro cell is configured to PCell and a small cell is configured to SCell. In this case, the UE would better transmit UCI to the small eNB, since the perceived pathloss is smaller and the transmission power can be reduced by this way. Therefore, we propose:
Proposal 2: 
· RAN1 should discuss whether or not single PUCCH transmission on SCell is allowed.
· Our preference is to support single PUCCH transmission on SCell.

PUCCH enhancement for support up to 32 DL CCs
The following options can be considered for UCI feedback using PUCCH.
Option 1: Single PUCCH transmission
a) Single PUCCH on PCell
b) Single PUCCH on SCell if supported
Option 2: Multiple PUCCH transmissions
Single PUCCH transmission
As we proposed in our companion contribution [2], we believe that RAN1 should support up to 32 DL CCs for UL CA capable UEs as well as non-UL CA capable UEs. Two potential possibilities can be considered in this case, which are single PUCCH on PCell, and single PUCCH on SCell for UL CA capable UEs if supported.
Single PUCCH on PCell:
With single PUCCH on PCell, both CA capable and non-CA capable UEs should support UCI feedback via PUCCH on PCell. Here, we can consider the following cases:
Case 1: Up to 5 DL CCs are configured
Case 2: 6 – 32 DL CCs are configured
For Case 1, we have already specified UCI feedback mechanisms defined in up to Rel-12 CA. We should discuss whether the Rel-12 UCI feedback mechanism or a new feedback mechanism is applied.
If the current mechanism is applied, in case of up to 5 DL CCs, the current restriction (i.e., the number of DL CCs is two in TDD UL-DL configuration 5) also remains. On the other hand, if the Rel-13 DL CA capable UEs always use a new mechanism, two behaviors should be specified, one for Rel-12 CA and another for Rel-13 CA. This may not be preferable from UE implementation point of view, even though the current restriction in TDD UL-DL configuration 5 could be removed. At the current stage, we think this is FFS and further discussion is needed.
For Case 2, we can define a new mechanism. The following four options can be considered:
a. Legacy PUCCH format 3 is used by limiting the number of simultaneously received DL CCs.
b. Legacy PUCCH format 3 is used and each bit is flexibly allocated according to the number of CWs and simultaneously received DL CCs determined by eNB scheduling
c. Legacy PUCCH format 3 is used and HARQ-ACK bits are bundled among DL CCs
d. New PUCCH format is specified
Solution "a" minimizes the specification impact; however, the number of DL CCs for a UE is limited as it has already specified that the maximum number of DL CCs in TDD UL-DL configuration 5 is limited to 2. This solution is not preferable inherently, because simultaneous reception of beyond 5 DL CCs could never be supported. Solution "b" offers a relatively small specification impact; however, this solution also limits the flexibility of eNB scheduling. Therefore, we believe this solution is also not preferable. Regarding solution "c", all HARQ-ACK bits on the subframes and component carriers are bundled so that the number of bits is aligned with the size of PUCCH format 3. We think this mechanism is also not preferable because the channel state may be totally different between component carriers. As for solution "d", although the specification impact may be large, this solution is preferable. One major benefit is that it can be designed to be more flexible compared to legacy PUCCH. Based on this consideration, it becomes clear that the current PUCCH format 3 cannot include all HARQ feedback information of up to 32 CCs. Therefore, at the current stage, we should not exclude full flexibility for UCI feedback for Rel-13 CA.
Single PUCCH on SCell (if supported):
With single PUCCH on SCell, only UL CA capable UEs can be covered. Moreover, from a UE perspective, a new mechanism can be used for the UE because we have no mechanism of PUCCH transmission on SCell. From a design point of view,, this case can be handled by reusing the same mechanism as PCell, because PUCCH transmission cell is only changed to SCell. 
Based on the above considerations, we propose
Proposal 3: 
· Single PUCCH transmission is supported
· Single PUCCH transmission on PCell
· FFS whether the current mechanism is applied for up to 5 DL CCs
· New PUCCH format is specified at least for more than 5 DL CCs
· Single PUCCH transmission on SCell if supported
· The same mechanism as PCell is preferred

Multiple PUCCH transmissions
Regarding option 2 about multiple PUCCH transmissions, as a result of the Rel-12 Dual Connectivity discussion, an additional serving cell has been already included in the specification to support PUCCH transmission. This serving cell is named as Primary Secondary Cell (PSCell). From RAN1 perspective, PSCell captures the same functionality as PCell except for the affiliation with the Secondary Cell Group (SCG). From the UE perspective, current simultaneous PUCCH transmissions on two serving cells affiliated to different cell groups can be already supported when the mechanism of dual connectivity is implemented. 
Based on this, when considering the support of uplink carrier aggregation up to 32 CCs, one further option can be considered, which is to support more than 2 serving cells for PUCCH transmission. According to the current uplink carrier aggregation specification, if 7 serving cells can transmit PUCCH simultaneously, then it seems that no payload size enhancement on PUCCH is needed. Figure 1 shows an example for this option. Several SCells can be configured by the network to support PUCCH transmission. The SCell to which this UCI refers to should also be identified. Accordingly, both the cell group and the serving cell in each group supporting PUCCH transmission can be configured and updated by eNB.


Figure 1 Example of PUCCH Transmission on More than 2 Serving Cells
This option has lower specification impact in RAN1, as we can inherit what was achieved in Rel-12 Dual Connectivity. The potential issues are how to allocate the power among these multiple PUCCH and devising some new high layer configuration design. Based on the above considerations, we propose
Proposal 4: 
· If multiple PUCCH transmissions are supported for Rel-13 CA enhancement, the DC mechanisms should be reused.
In advance, some combination method may also be considered, such as two PUCCH like dual connectivity, and each PUCCH can cover a group UCI with the number of more than 5 to support totally up to 32 UL CCs. 
Conclusion
In this contribution we have provided our preliminary considerations on PUCCH for Rel-13 CA. Four proposals are suggested to RAN1 as follows: 
Proposal 1: 
· RAN1 should discuss whether or not the combination of SCell PUCCH and PUCCH enhancement is applied.

Proposal 2: 
· RAN1 should discuss whether or not single PUCCH transmission on SCell is allowed.
· Our preference is to support single PUCCH transmission on SCell.

Proposal 3: 
· Single PUCCH transmission is supported
· Single PUCCH transmission on PCell
· FFS whether the current mechanism is applied for up to 5 DL CCs
· New PUCCH format is specified at least for more than 5 DL CCs
· Single PUCCH transmission on SCell if supported
· The same mechanism as PCell is preferred

Proposal 4: 
· If multiple PUCCH transmissions are supported for Rel-13 CA enhancement, the DC mechanisms should be reused.
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