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Introduction
In the RAN#62 meeting, the work item on dual connectivity was updated with the following objective [1]:
· “After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.”
In the RAN1#76bis meeting, UCI transmission for dual connectivity was discussed and the following conclusions were agreed [2]:
· With the agreement in RAN1 #76, following UCI feedback mechanisms are supported in Rel-12 dual connectivity
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only
· In dual connectivity, UEs feedback UCI (SR (if supported), HARQ-ACK, CSI) related to SCG to SeNB only
· For each UCI feedback, non-dual connectivity based UCI feedback mechanisms using PUCCH/PUSCH are applied within each cell group
· In dual connectivity, in MCG, PUCCH for MCG is supported in PCell only, while PUCCH for SCG is supported in pSCell only
This contribution discusses extending PUCCH on PCell and pSCell in dual connectivity to carrier aggregation.

[bookmark: _Ref129681832]Motivation to extend PUCCH on PCell and pSCell to CA
Reducing the PUCCH overhead on the PCell
According to the discussion of small cell enhancement, small cells using lower power nodes are considered promising to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios [3]. Thus, non-co-located scenarios should be very important deployment scenarios for carrier aggregation. However, in Rel-10/11 CA and Rel-12 TDD-FDD CA, PUCCH can only be transmitted on PCell. As described in [4], the PUCCH overhead on the PCell would become problematic for non-co-located CA scenarios, since many small cells can be deployed in the macro cell area. The PUCCH overhead on the PCell thus increases as the number of deployed small cells increases. Supporting PUCCH on SCell is a promising solution to cope with the PUCCH overhead issue [4].      
Enhancing UCI feedback
Dual connectivity can enhance UCI feedback with PUCCH on PCell and pSCell, compared to CA with PUCCH only on the PCell. Extending PUCCH on PCell and pSCell to CA can enable PUCCH on PCell and SCell for UL CA capable UEs, which can make CA achieve the benefit of enhancing UCI feedback as in dual connectivity.    
It can be expected that supporting PUCCH on PCell and SCell can enhance HARQ-ACK feedback in some cases. Firstly, in some cases it can avoid HARQ-ACK bundling resulted from the limited PUCCH capacity, including spatial bundling and/or time-domain bundling. For CA with PUCCH only on PCell, HARQ-ACK bundling is performed in cases like
· Spatial bundling and/or time-domain bundling is performed if the total number of HARQ-ACK bits is larger than 4 when PUCCH format 1b with channel selection is configured for HARQ-ACK feedback  
· Spatial bundling is performed if the total number of HARQ-ACK bits is larger than 20 in Rel-10/11 TDD CA and larger than 21 in Rel-12 TDD-FDD CA when PUCCH format 3 is configured for HARQ-ACK feedback
· Spatial bundling is performed if the total number of bits corresponding to periodic CSI, HARQ-ACK and SR (if any) is larger than 22 when PUCCH format 3 is configured for HARQ-ACK feedback
· Spatial bundling is performed when both SR and HARQ-ACK need to be transmitted and PUCCH format 1b with channel selection is configured for HARQ-ACK feedback in FDD CA 
If PUCCH on PCell and SCell is supported in CA, HARQ-ACK bundling can be avoided in some cases since the number of serving cells corresponding to one PUCCH is smaller compared to PUCCH only on the PCell. For example, if PUCCH format 1b with channel selection is configured for HARQ-ACK feedback in TDD CA, it is possible that spatial bundling and/or time-domain bundling are needed. However, with PUCCH on PCell and SCell, each PUCCH only corresponds to the HARQ-ACK feedback for one serving cell, which means that at least time-domain bundling can be avoided. Secondly, supporting PUCCH on PCell and SCell can reduce RTT delay and provide distributed HARQ-ACK feedback for FDD SCell in case of TDD-FDD CA with TDD PCell, because FDD SCell(s) can follow its own DL HARQ timing with PUCCH on PCell and SCell, which obviously can reduce the RTT delay and provide distributed HARQ-ACK feedback compared to using a TDD similar HARQ timing as agreed in [2].       
Supporting PUCCH on PCell and SCell can enhance periodic CSI feedback. In CA with PUCCH only on PCell, if a UE is configured with more than one serving cell, periodic CSI will be dropped in some cases as below:    
· The periodic CSI report with lower priority will be dropped if the periodic CSI report of one serving cell collides with the periodic CSI report of another serving cell, because a UE configured with more than one serving cell only transmits a periodic CSI report of one serving cell in any given subframe.
· If both periodic CSI and HARQ-ACK are to be transmitted and PUCCH format 1b with channel selection is configured for HARQ-ACK feedback, periodic CSI will be dropped unless only PCell is scheduled. 
· If both periodic CSI and HARQ-ACK are to be transmitted and PUCCH format 3 is configured for HARQ-ACK feedback, periodic CSI will be dropped if the total number of bits corresponding to periodic CSI, SR (if any) and HARQ-ACK after spatial bundling is larger than 22.  
If PUCCH on PCell and SCell is supported in CA, the probability of dropping periodic CSI can be reduced since the number of serving cells corresponding to one PUCCH is smaller compared to PUCCH only on the PCell.   
Additional work to extend PUCCH on PCell and pSCell to CA
If PUCCH on PCell and pSCell in dual connectivity is extended to CA, two PUCCHs can be used and the UCI for each serving cell can be transmitted on the corresponding PUCCH. An example is shown in Fig. 1. As what agreed for PUCCH on PCell and pSCell in dual connectivity [2], CA with PUCCH only on PCell based UCI feedback mechanisms using PUCCH/PUSCH can be reused for each PUCCH.  


Figure 1. An example of simultaneous PUCCH transmission on both PCell and SCell in CA.
Compared to CA with PUCCH only on PCell, one possible specification impact is related to power control, because two PUCCHs or two PUSCHs with UCI may exist in one subframe. However, the relevant enhancements on power control in dual connectivity can be reused. We expect that the enhancement on power scaling and the mechanism to signal power control related parameters for the PUCCH on SCell in dual connectivity can be reused. In addition, the PHR mechanism on the PCell can be reused for the SCell with PUCCH transmission. Therefore, there is no additional work for power control based on the mechanism in dual connectivity.
Compared to dual connectivity, one possible difference is that SR can only be transmitted on the PUCCH on PCell as in the current CA system, because there is only one MAC entity in CA system and thus the existing SR transmission mechanism can be reused. However, since it just reuses the existing CA mechanism, it won’t bring additional work.  
Another possible difference is that cross-carrier scheduling is not supported in dual connectivity between MCG and SCG, but there is no limitation in the existing CA system. If cross-carrier scheduling is configured with PUCCH on PCell and SCell in CA, enhanced PUCCH resource reservation may be needed based on the current CA mechanism. For example, if the SCell with corresponding UL for PUCCH transmission is cross-carrier scheduled by the PCell, the PUCCH resource on the SCell cannot be reserved implicitly from the corresponding DCI format transmitted on the PCell, since that may result in PUCCH resource reservation collisions with UEs being scheduled on the SCell. The TPC command is needed for the PUCCH transmitted on the SCell, thus the TPC field in the DCI format cannot be used for PUCCH resource indication directly as in Rel-10/11 CA. Therefore the enhancement for the PUCCH resource is an additional work. However, the problem can be solved easily. One alternative is to reuse the mechanism in dual connectivity, which means that cross-carrier scheduling is only allowed among the serving cells corresponding to the same PUCCH, thus there is no additional work.   
One open issue to extend PUCCH on PCell and pSCell to CA is whether the terminologies MCG and SCG will be defined in the specification, and whether they can be reused in CA may depend on how the specification will define these terminologies. It is possible to reuse these terminologies in CA with some possible small clarification in the specification. For example, we can clarify that MCG and SCG are only used to define the serving cells corresponding to the same PUCCH when they are used in CA. If the terminologies can be reused, then there is no additional work except some small clarification in the specification. Even though it is not good to reuse these terminologies for CA, we can expect that the additional work is minimal. It may only require RAN2 to define the SCell to be used for PUCCH transmission and the corresponding serving cells of each PUCCH with the corresponding PUCCH transmission format. As to the possible specification impact in RAN1, it is possible to reuse the relevant text in dual connectivity for CA.  
One more open issue is whether we can reuse the UE capability bit for dual connectivity to indicate if an UL CA capable UE can support PUCCH on PCell and SCell. If we can reuse it, then there is no additional work. If we want to decouple the UE capability to support dual connectivity and the UE capability to support PUCCH on PCell and SCell in CA, then we need to introduce one additional UE capability bit. However, the additional work is minimal.     
The possible additional features to support PUCCH on PCell and SCell in carrier aggregation and the corresponding additional work are briefly summarized in Table 1, where we can see there is no additional work or the additional work is minimal to extend PUCCH on PCell and pSCell in dual connectivity to CA. 
Table 1 Brief summary of additional features and the corresponding additional work to support PUCCH on PCell and SCell in CA 
	Additional features
	Additional work based on dual connectivity 

	Power control: Power control for PUCCH on SCell and power scaling 
	· There is no additional work since relevant enhancements on power control in dual connectivity can be reused 

	SR transmission: SR is only transmitted on the PUCCH on PCell
	· There is no additional work since the existing CA mechanism is just reused

	PUCCH resource reservation: Enhanced PUCCH resource reservation may be needed if cross-carrier scheduling is configured  
	· There is no additional work if cross-carrier scheduling is only allowed among the serving cells corresponding to the same PUCCH as in dual connectivity 

	PUCCH on PCell and SCell configuration 
	· There is no additional work except some small clarification in the specification if the terminologies like MCG and SCG in dual connectivity are reused for CA without dual connectivity
· There is minimal additional work for RAN2 to define the SCell to be used for PUCCH transmission and the corresponding serving cells of each PUCCH with the corresponding PUCCH transmission format, if terminologies like MCG and SCG are not reused   

	UE capability indication: Indicate whether an UL CA capable UE can support PUCCH on PCell and SCell or not
	· There is no additional work if we reuse the UE capability bit for dual connectivity
· There is minimal additional work to introduce one additional UE capability bit if we want to decouple the UE capability to support dual connectivity and the UE capability to support PUCCH on PCell and SCell in CA  


    
Conclusion
In this contribution, we discussed extending PUCCH on PCell and pSCell in dual connectivity to CA. Based on the discussion in section 2 and 3, we can see that extending PUCCH on PCell and pSCell to CA can bring benefits like reducing the PUCCH overhead on the PCell especially for the non-co-located CA scenarios and enhancing UCI feedback in some cases, while the additional work is minimal. Thus extending PUCCH on PCell and pSCell to CA should be supported to enable PUCCH transmission on both PCell and SCell for uplink carrier aggregation capable UEs.  
Proposal: PUCCH on both PCell and SCell should be supported in CA by extending PUCCH on PCell and pSCell in dual connectivity.
· Reuse relevant enhancements on power control in dual connectivity.  
· SR is only transmitted on the PUCCH on PCell. 
· Cross-carrier scheduling is only allowed among the serving cells corresponding to the same PUCCH. 
· Define the SCell to be used for PUCCH transmission and the corresponding serving cells of each PUCCH with the corresponding PUCCH transmission format in RAN2 specification.
· Introduce one additional UE capability bit to indicate support for PUCCH on PCell and SCell in CA separately from the indication of the support of dual connectivity.
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