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In the RAN1#77 meeting, PUCCH on SCell with CA was discussed and the following agreements were agreed [1]:
· If PUCCH on SCell for CA is supported,
· PUCCH transmission on two serving cells in CA is realized by following methods:
· On the PCell for SCells in PUCCH cell group 1
· On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2
· One SCell can only belong to one PUCCH cell group
· One of the two serving cells is PCell
· PUCCH on SCell only for CA is not supported in Rel-12
· PUCCH on two serving cells in CA is not supported within MeNB or SeNB
· PUCCH on SCell with CA is realized by following methods:
· No cross-carrier scheduling between cells in different PUCCH groups
· FFS: How PUCCH power control will be supported
· PUCCH on SCell can carry HARQ-ACK feedback and CSI
· Ask RAN2 whether SR is necessary on SCell
· Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2
· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed.

In addition, the following working assumption and conclusion were achieved by email discussion [77-16]:
· Working assumption: if PUCCH on SCell for CA is supported, the pSCell PUCCH power control of dual connectivity is reused for the SCell PUCCH in CA, with the following clarifications: 
· FFS which (if any) feature introduced for dual connectivity may not need to be supported for the transmission of PUCCH on SCell for CA 
· E.g. CSS on the SCell that carries PUCCH, transmission of DCI format 3/3A with PUCCH-TPC-RNTI on the SCell that carries PUCCH, reserved power, PHR report
· Conclusion: FFS for how to transmit UCI on PUSCH if PUCCH on SCell for CA is supported.

This contribution further discusses the details of reusing dual connectivity for PUCCH on SCell with CA, aiming to showing that specifying support for PUCCH on SCell with CA is possible with minimal standard effort.
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For dual connectivity, there is common understanding that a UE should have capabilities to support simultaneous PUCCH/PUSCH, PUCCH/PUCCH and PUSCH/PUSCH transmission between MCG and SCG, so that dynamic and independent scheduling can be supported for MCG and SCG respectively. As a consequence, simultaneous PUCCH/PUSCH transmission between MCG and SCG should be enabled in terms of dual connectivity. At the same time, as agreed in the [2] by email discussion, simultaneous PUSCH/PUCCH transmission can be independently configured per CG. Thus simultaneous PUCCH/PUSCH transmission within one CG would remain optional and configurable as defined in Rel-10/Rel-11 CA. 
For simultaneous PUCCH/PUSCH transmission for PUCCH on SCell with CA, there are two alternatives: 
· Alt1: simultaneous PUCCH/PUSCH transmission remains an optional capability but a UE that supports PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission between two PUCCH cell groups. 
· Alt2: simultaneous PUCCH/PUSCH transmission remains an optional capability and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission between two PUCCH cell groups.

For Alt1, the simultaneous PUCCH/PUSCH transmission of dual connectivity is reused for PUCCH on SCell with CA. That is, simultaneous PUCCH/PUSCH transmission between two PUCCH cell groups would be mandatory conditioned on the support of PUCCH on SCell for CA. In this case, the meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 CA will be changed between two PUCCH cell groups. The meaning anyway needs to be changed for dual connectivity. With Alt1 the dual connectivity framework can be fully reused, minimizing the standard effort. It is also beneficial for UCI feedback to be only transmitted within the corresponding PUCCH cell group. 
On the other hand, for Alt2, simultaneous PUCCH/PUSCH transmission between two PUCCH cell groups still remains an optional capability and follows CA principles for the support of PUCCH on SCell with CA. With Alt2 the meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 CA is not changed. But it will impact the UCI feedback for two PUCCH cell groups because sometimes the UCI feedback corresponding to two PUCCH cell groups will be mixed in one PUSCH if simultaneous PUCCH/PUSCH transmission capability is not supported. A detailed analysis is provided in section 3. 
Obviously, simultaneous PUCCH/PUSCH transmission within one PUCCH cell group can remain optional for both alternatives. Within a given PUCCH cell group, there is no need to change the meaning of simultaneous PUCCH/PUSCH transmission. For this aspect, as agreed in [2] by email discussion, simultaneous PUSCH/PUCCH transmission can be independently configured per CG in dual connectivity, and the same solution could be reused for CA with PUCCH on SCell.
Observation 1: Simultaneous PUCCH/PUSCH transmission of dual connectivity can be fully reused for the PUCCH on SCell with CA
· Supporting simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups should be mandatory conditioned on the support of PUCCH on SCell for CA.
· Supporting simultaneous PUCCH/PUSCH transmission capability within one PUCCH cell group remains optional and is independently configured per PUCCH cell group as defined in dual connectivity.
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UCI feedback when no PUSCH is scheduled
Reusing the PUCCH transmission of dual connectivity for PUCCH on SCell with CA, two PUCCHs can be simultaneously transmitted and the UCI for each PUCCH cell group can be carried on the corresponding PUCCH, when there is possibly no PUSCH scheduling. An example is shown in Figure 1. As what agreed for PUCCH on PCell and pSCell in dual connectivity [3], the CA mechanism for UCI feedback using PUCCH with PUCCH only on PCell can be reused for each PUCCH cell group.

 
Figure 1. An example of simultaneous PUCCH transmission on both PCell and SCell in CA
UCI feedback when at least one PUSCH is scheduled in each PUCCH cell group
UCI transmission mechanisms between two PUCCH cell groups can follow the dual connectivity principles. One example is illustrated in Figure 2, where one PUSCH with UCI is transmitted in PUCCH cell group 1 and another PUSCH with UCI is transmitted in PUCCH cell group 2. The UCI for each PUSCH cell group is carried on the corresponding PUSCH. Even though legacy CA system does not support this kind of operation, dual connectivity will enable this operation in Rel-12 to support independent scheduling per CG. Then this new operation can be extended to CA when PUCCH on SCell is supported.

 
Figure 2. An example of PUSCH with UCI on PCell and PUSCH with UCI on SCell
UCI feedback when PUSCH is scheduled in only one PUCCH cell group
Two possibilities exist that depend on the support of simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups.
If the simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups can be supported and is also configured for PUCCH on SCell with CA:
UCI transmission mechanisms between two PUCCH cell groups follow the dual connectivity principles. One example is shown in Figure 3a where one PUCCH and one PUSCH with UCI are transmitted in the two PUCCH cell groups respectively, but UCI multiplexing on PUSCH still follows the CA principles within one PUCCH cell group. It looks simple because both the UE and the eNB only manage UCI feedback by CA principles within each PUCCH cell group, avoiding that sometimes the UCI feedback is mixed in one PUSCH across two PUCCH cell groups.



Figure 3a. An example of one PUCCH and one PUSCH with UCI transmitted in CGs
If the simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups cannot be supported or is not configured for PUCCH on SCell with CA:
UCI transmission mechanisms between two PUCCH cell groups may follow the CA principles. One example is illustrated in Figure 3b where only one PUSCH with UCI is allowed to be transmitted, thus UCIs corresponding to two PUCCH cell groups are piggybacked into one PUSCH in order to avoid the UCI to be dropped. As mentioned above, this solution has the drawback that UCI feedback sometimes follows CA principles within each PUCCH cell group, and sometimes follows CA principles across PUCCH cell groups.

However, we do not consider that this case is relevant since as discussed and proposed in section 2, supporting simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups should be mandatory conditioned on the support of PUCCH on SCell for CA.



Figure 3b. An example of all UCIs corresponding to two CGs piggybacked into one PUSCH 
We can see that the UCI transmission mechanisms can fully follow dual connectivity principles if the simultaneous PUCCH/PUSCH transmission capability is mandatory conditioned on the support of PUCCH on SCell for CA. 

Observation 2: UCI transmission mechanisms of dual connectivity can be fully reused for the PUCCH on SCell with CA.
· UCI transmission mechanisms between two PUCCH cell groups always follow the dual connectivity principles with the condition that the simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups is mandatory for PUCCH on SCell for CA.
· UCI transmission mechanisms within one PUCCH cell group follow the CA principles as in dual connectivity.
[bookmark: _Ref394050368]Power control for PUCCH on SCell with CA
Power scaling mechanisms
Compared to CA with PUCCH only on PCell, power scaling mechanisms for the following new cases need to be addressed for two PUCCH cell groups according to UCI transmission mechanisms discussed in section 3 above:
· PUCCH + PUCCH 
· PUSCH with UCI + PUSCH with UCI 
· PUCCH +PUSCH with UCI 
In order to minimize the specification impact for PUCCH on SCell with CA, power scaling mechanisms of dual connectivity are expected to be reused as much as possible. The agreement that minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured was concluded in the RAN1#77 meeting [1]. Following this agreement, one working assumption was also made in [3] by email discussions for dual connectivity that is the remaining power can be allocated to both eNBs according to priority rule. In general, two approaches are listed on the priority for power scaling in [2]: 
· One approach is to determine the priority based on UCI content and channel type
· E.g. PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG
· Another approach is to determine the priority only based on UCI content regardless of channel type
· E.g. HARQ-ACK (via PUCCH or PUSCH) on MCG > HARQ-ACK (via PUCCH or PUSCH) on SCG > PUSCH on MCG > PUSCH on SCG

If the power scaling mechanisms of dual connectivity were reused, the power scaling mechanisms for PUCCH on SCell with CA would be as follows corresponding to two approaches respectively: 
· One approach is to determine the priority based on UCI content and channel type
· E.g. PUCCH in PUCCH cell group 1> PUCCH in PUCCH cell group 2> PUSCH with UCI in PUCCH cell group 1 > PUSCH with UCI in PUCCH cell group 2 > PUSCH without UCI in PUCCH cell group 1 > PUSCH without UCI in PUCCH cell group 2
· Another approach is to determine the priority only based on UCI content regardless of channel type
· E.g. HARQ-ACK (via PUCCH or PUSCH) in PUCCH cell group 1> HARQ-ACK (via PUCCH or PUSCH) in PUCCH cell group 2 > PUSCH in PUCCH cell group 1 > PUSCH in PUCCH cell group 2

No matter which approach is taken and any modification finally determined for dual connectivity in the coming RAN1 meeting, there is no problem for power scaling mechanisms of dual connectivity to be directly reused for PUCCH on SCell with CA. Thus no additional work is needed for the priority definition of power scaling. 
Minimum guaranteed power allocation parameter configurations
The power control mechanism of minimum guaranteed power allocation P_SeNB and/or P_MeNB in dual connectivity can be reused to support PUCCH on SCell with CA. In this case, the network can optimize the values of the parameters defined for the PUCCH power control of two PUCCH cell groups, which is relevant to implementation since this optimization is done within one eNB in case of CA.  For example, it is possible to set P_CG1=0 and P_CG2=0 (corresponding to P_SeNB and P_MeNB parameters in dual connectivity). 
Alternatively, power control for supporting PUCCH on SCell with CA only could reuse the power scaling mechanism in dual connectivity without the minimum guaranteed power allocation parameter configurations for two PUCCH cell groups, because these parameters are really unnecessary for CA with one eNB and the transmit power can be adjusted dynamically between two PUCCH cell groups.
Transmission of TPC command
For dual connectivity, CSS on pSCell would be potentially supported to enable TPC command transmission for SCG and TPC command follows CA principles per CG. However, as to PUCCH on SCell with CA, there are several options for TPC command transmissions, especially for power control for the PUCCH carried on SCell:
· Opt 1: CSS on the SCell that carries PUCCH is supported to provide TPC commands
· Opt 2: There is no CSS on SCell for CA, and correspondingly there is also no transmission of DCI format 3/3A on SCell 
· Sub-opt 2a: TPC command for PUCCH SCell can be carried in DL assignment 
· Sub-opt 2b: TPC command by using DCI format 3/3A is provided by PCell

For opt 1, the solution for CSS on pSCell in dual connectivity can be reused to support PUCCH on SCell with CA. TPC command mechanisms within one PUCCH cell group still follow the CA principles, that is, CA with PUCCH only on PCell based TPC command mechanisms can be reused for each PUCCH cell group. One drawback is that the number of blind detections would be increased compared to Rel-10 CA.
The benefit for opt 2 is to keep the same number of blind detections as defined in Rel-10 CA. Opt 2 can further split into two sub-options. For sub-opt 2a, TPC field in the DL assignment corresponding to PDSCH on the SCell that carries PUCCH is used as TPC command. It is an existing solution and no additional work is needed. TPC command for PUSCH transmitted in PUCCH cell group 2 can be carried in the UL grant which is used to schedule the corresponding PUSCH. One drawback is that there is no TPC command for PUSCH retransmission without UL grant scheduling. 
On the other hand, sub-opt 2b has a full flexibility for TPC command. However, cross-carrier power control is needed and DCI format 3/3A for PUCCH SCell is transmitted on PCell. Obviously it needs more standard efforts, so it is not easy to be done within the time schedule of Rel-12. 

PHR report
The following agreements on PHR were made in the RAN1 # 77 meeting [1] and during email discussion after RAN1#77 [4]: 
· For the PHR of the activated cells belonging to another CG/eNB,
· UE is configured using higher layer signaling to report one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.

In addition, there is a working assumption that no additional PH calculation equation other than those in Rel.11 is introduced. For PUCCH on SCell with CA, new PH calculation is not needed but the PHR report can use the dual connectivity solution by using higher layer signaling for configuration. So, the PHR report of dual connectivity can be reused with the confirmed working assumption. If the working assumption is not confirmed in dual connectivity, alternatively, the PHR mechanism on the PCell can be reused for PUCCH on SCell with CA. The PHR report for PUCCH on SCell with CA can be determined after the detail on PHR report of dual connectivity is finalized.

Observation 3: the pSCell PUCCH power control of dual connectivity can be mostly reused for the SCell PUCCH in CA, with the following details: 
· Power scaling mechanisms of dual connectivity can be directly reused to support PUCCH on SCell with CA.
· The minimum guaranteed power allocation parameter configuration for MCG and SCG in dual connectivity is not needed to extend to CA with PUCCH on SCell .
· Considering the UE complexity on blind decoding and the specification impact, TPC command is carried in DL assignment following CA principles for each PUCCH cell group .
· TPC field in the DL assignment corresponding to PDSCH on PUCCH SCell is used as TPC command for PUCCH SCell in PUCCH cell group2
· TPC field in the DL assignment corresponding to PDSCH on non-PUCCH SCell in PUCCH cell goup2 is used as ARI of PUCCH cell group2.
· The PHR report of dual connectivity can be reused for PUCCH on SCell with CA, alternatively the PHR mechanism on the PCell can be directly reused for PUCCH on SCell with CA.
· The PHR report for PUCCH on SCell with CA can be determined after the detail on PHR report of dual connectivity is finalized.

Conclusion
In this contribution, we discussed the details of reusing dual connectivity for PUCCH on SCell with CA. Based on the discussions in section 2/3/4, we can see that PUCCH on SCell to CA can fully reuse the solutions of dual connectivity on simultaneous PUCCH/PUSCH transmission capability, UCI transmission and power control with only minor differences for power control, thus the additional work is minimal. 
The corresponding proposal is listed below:
Proposal: PUCCH on SCell with CA directly reuses the dual connectivity design for:
· Simultaneous PUCCH/PUSCH transmission
· Simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups should be mandatory conditioned on the support of PUCCH on SCell for CA
· The UCI transmission mechanism within each cell group for dual connectivity is used within each PUCCH cell group for CA
· The pSCell PUCCH power control mechanism is used for the PUCCH carried on SCell for CA
· except that the minimum guaranteed power allocation parameter configuration for MCG and SCG in dual connectivity is not needed for CA
· TPC command can only be carried in DL assignment
· Reusing the PHR solution of dual connectivity is pending confirmation of the working assumption that no additional PH calculation equation other than those in Rel.11 is introduced

The summary of reusing the dual connectivity design is also provided below:
Simultaneous PUCCH/PUSCH transmission of dual connectivity can be fully reused for the PUCCH on SCell with CA
· Supporting simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups should be mandatory conditioned on the support of PUCCH on SCell for CA.
· Supporting simultaneous PUCCH/PUSCH transmission capability within one PUCCH cell group remains optional and is independently configured per PUCCH cell group as defined in dual connectivity.

UCI transmission mechanisms of dual connectivity can be fully reused for the PUCCH on SCell with CA.
· UCI transmission mechanisms between two PUCCH cell groups always follow the dual connectivity principles with the condition that the simultaneous PUCCH/PUSCH transmission capability between two PUCCH cell groups is mandatory for PUCCH on SCell for CA.
· UCI transmission mechanisms within one PUCCH cell group follow the CA principles as in dual connectivity.

The pSCell PUCCH power control of dual connectivity can be mostly reused for the SCell PUCCH in CA, with the following details:
· Power scaling mechanisms of dual connectivity can be directly reused to support PUCCH on SCell with CA.
· The minimum guaranteed power allocation parameter configuration for MCG and SCG in dual connectivity is not needed to extend to CA with PUCCH on SCell .
· Considering the UE complexity on blind decoding and the specification impact, TPC command is carried in DL assignment following CA principles for each PUCCH cell group.
· TPC field in the DL assignment corresponding to PDSCH on PUCCH SCell is used as TPC command for PUCCH SCell in PUCCH cell group2
· TPC field in the DL assignment corresponding to PDSCH on non-PUCCH SCell in PUCCH cell goup2 is used as ARI of PUCCH cell group2.
· The PHR report of dual connectivity can be reused for PUCCH on SCell with CA, alternatively the PHR mechanism on the PCell can be directly reused for PUCCH on SCell with CA.
· The PHR report for PUCCH on SCell with CA can be determined after the detail on PHR report of dual connectivity is finalized.
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