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1 Introduction 
A new WI was approved at RAN #66 to support LTE carrier aggregation beyond 5 carriers [1]. One of the objectives is to 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].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

PUCCH on SCell for CA has already been discussed in Rel-12 when dual connectivity was specified. In this contribution, we identify the major standardization changes in order to support PUCCH for SCell for CA.
2 Discussion
2.1 Application scenarios

The main motivation to introduce PUCCH on SCell for CA is to offload the UCI from PCell to SCell. This is useful for carrier aggregation deployment scenario #4 with macro providing coverage and RRHs providing throughput improvement as introduced in [1]. The UCI offloading is beneficial not only for UEs supporting CA but also for UEs not supporting CA which have to transmit PUCCH on the PCell. The perquisite of supporting PUCCH on SCell is that the UE has to support UL carrier aggregation. 
In additional to the benefit of UCI offloading from system perspective, PUCCH on SCell may also be useful to support a larger number of component carriers from a single UE perspective. The UCI payload size may become large when a large number of downlink CCs, e.g. up to 32CCs as indicated in the other objective of the WI, is configured for a single UE. In this case, the UCI payload could be distributed on multiple PUCCHs by configuring PUCCH on both PCell and SCell. 
Observation: PUCCH on SCell is also useful to support a large number of component carriers.
2.2 Simultaneous PUCCH/PUSCH transmission
In dual connectivity, a UE is mandated to support simultaneous PUCCH/PUCCH and PUCCH/PUSCH transmission between Master Cell Group and Secondary Cell group. Meanwhile, simultaneous PUCCH and PUSCH transmission can be configured independently for each CG, i.e. simultaneous PUCCH/PUSCH transmission within one CG is configurable as defined in Rel-12 CA. 
To support PUCCH on SCell, the UE is required to support UL carrier aggregation. At the same time, there is also an implicit indication that the UE has the capability of supporting simultaneous PUCCH/PUCCH and PUCCH/PUSCH transmission between the carriers configured with PUCCH. As a further implicit indication, simultaneous PUCCH/PUSCH transmission is also supported across all the UL component carriers which the UE can aggregate according to [2]. This is similar to dual connectivity such that the baseband capability of simultaneous PUCCH/PUSCH transmission is implicitly tied to the support of PUCCH on SCell. However, the baseband capability indicator simultaneousPUCCH-PUSCH-r10 is band agnostic and does not imply that the UE supports simultaneous PUCCH/PUSCH transmission on the component carrier configured with PUCCH. It is another band specific RF capability indicator nonContiguousUL-RA-WithinCC-Info-r10 which determines whether simultaneous PUCCH/PUSCH transmission is supported on this component carrier. This interpretation is from Rel-12 CA and should not be changed for PUCCH on SCell [2]. Besides, the eNB can enable/disable simultaneous PUCCH/PUSCH transmission via dedicate RRC signaling given that the UE supports this capability. This applies for DC and should also be applied for PUCCH on SCell.   
Proposal 1: Simultaneous PUCCH/PUSCH transmission is mandated between the carriers configured with PUCCH and across all the UL carriers which the UE can aggregate.
Proposal 2: Simultaneous PUCCH/PUSCH transmission can be independently configured for each component carrier configured with PUCCH.
2.3 UCI multiplexing schemes

As depicted in Figure 1, following the principles from dual connectivity, PUCCH can be configured on a SCell for a certain group of SCells in addition to the PUCCH on PCell. The UCI feedback for this group of SCells including HARQ-ACK and periodic CSI can be transmitted on the configured PUCCH. Note that it should be possible to support all PUCCH formats for the PUCCH on SCell. 
In general, it is possible to reuse the same UCI feedback design for dual connectivity such that the UCI is handled independently within the cells configured with the same PUCCH. The Rel-12 UCI feedback scheme for CA is applied within each cell group, e.g. the HARQ-ACK bit ordering, collision handling of HARQ-ACK and periodic CSI, etc. The HARQ-ACK and scheduling timing could reuse Rel-12 CA principle except that the reference timing is determined based on the PUCCH cell and the scheduled serving cell.  

Another option is to perform UCI multiplex based on CA principles. In this case, the UCI for one PUCCH cell group may be carried by PUCCH/PUSCH from another PUCCH cell group in certain cases if simultaneous PUCCH/PUSCH transmission is only configured for one of the carriers carrying PUCCH. The UCI handling will be same as DC if simultaneous PUCCH/PUSCH transmission is configured for all the carriers carrying PUCCH. This will inevitably increase both standardization and implementation complexity.    
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Figure 1: Configuration of PUCCH in SCells
Proposal 3: The UCI feedback scheme for dual connectivity is reused for PUCCH on SCell in CA. 
· PUCCH can be configured on one or multiple SCells in additional to the PUCCH on PCell

· PUCCH on SCell can be configured for a number of SCells
· HARQ-ACK and periodic CSI for a configured serving cell can be transmitted on the PUCCH configured for this serving cell
· DL HARQ/scheduling timing reuses the Rel-12 CA principles within each group of carriers
2.4 Power control and PHR
If the UCI feedback scheme follows DC design, it is natural that power control also follows the same design as DC. In particular, it is possible to reuse the power control for synchronized DC operation. Another option is to follow the power limitation handling rules for CA with additional consideration of parallel PUCCH and PUSCH with UCI. Note that the UCI prioritization rules for CA and DC are different, i.e. the UCI type is not considered in CA while it is considered in DC. With PUCCH configured on a SCell, the following case may occur: PUCCH carries periodic CSI in one PUCCH cell group while PUSCH carries HARQ-ACK at the same time in another PUCCH cell group. In case power limitation occurs, PUCCH carrying CSI will be prioritized over PUSCH carrying HARQ-ACK according to legacy CA rules. Considering the importance of HARQ-ACK and CSI, it is more reasonable to reuse the power control rules in DC other than CA. However, additional consideration is needed, e.g. the minimum reserved power for each PUCCH cell group could be set to zero such that the total transmit power can be shared across PUCCH cell groups. Furthermore, there will be no simultaneous PRACH transmissions in different PUCCH cell groups in CA. These aspects should be considered when power control scheme for DC is reused for PUCCH on SCell for CA.

For power headroom reporting, the only difference compared to legacy CA is that there are one or multiple PUCCH on SCells. Therefore, type 2 PHR needs to be reported for the SCell configured with PUCCH but the power headroom calculation formulas could reuse the existing ones for CA.
Proposal 3: The existing power control schemes for synchronized DC can be resued except the mimum require power for each cell group is set to zero and the simultaneous PRACH will not happen in CA.
Proposal 4: Type 2 PHR needs to be reported for the SCell configured with PUCCH and the existing power headroom calculation formulas for CA can be reused.
3 Conclusions

In this contribution, we discussed the standardization impact of introducing PUCCH on SCell. Based on the discussion, we had the following observation and proposals

Observation: PUCCH on SCell is also useful to support a large number of component carriers.
Proposal 1: Simultaneous PUCCH/PUSCH transmission is mandated between the carriers configured with PUCCH and across all the UL carriers which the UE can aggregate.

Proposal 2: Simultaneous PUCCH/PUSCH transmission can be independently configured for each component carrier configured with PUCCH.
Proposal 3: The UCI feedback scheme for dual connectivity is reused for PUCCH on SCell in CA. 

· PUCCH can be configured on one or multiple SCells in additional to the PUCCH on PCell

· PUCCH on SCell can be configured for a number of SCells

· HARQ-ACK and periodic CSI for a configured serving cell can be transmitted on the PUCCH configured for this serving cell

· DL HARQ/scheduling timing reuses the Rel-10/11 CA principles within each group of carriers
Proposal 3: The existing power control schemes for synchronized DC can be resued except the mimum require power for each cell group is set to zero and the simultaneous PRACH will not happen in CA.

Proposal 4: Type 2 PHR needs to be reported for the SCell configured with PUCCH and the existing power headroom calculation formulas for CA can be reused.
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