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1. Introduction
The CA enhancement WID [1] was agreed in the RAN#66 meeting and one of the objectives was defined as following:

· 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].

In the RAN1#77 meeting, PUCCH on SCell with CA in the DC section was discussed and the following agreements were made [2]:

· 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.
At first, the working assumptions made in RAN1 #77 is to be confirmed. And the remaining issues were discussed in the following section of this contribution.
2. Power control issues

Power control is one of the topics discussed in RAN1 for dual connectivity (DC). Some new features or modifications were introduced to support the operation of DC. For example, reserved power and TPC command on SCell were introduced. Whether all the power control mechanisms defined for DC can be reused for the case of PUCCH on SCell need further discussion.
2.1. Power scaling mechanism

When UE is power limited, power scaling should be applied. Two DC power control modes are defined for synchronous DC scenario and asynchronous DC scenario respectively. CA can be viewed as a synchronous scenario. The synchronization requirement for CA falls into the range of DC. Thus the DC power control mode 1 defined for synchronized DC scenario can be reused for PUCCH on SCell for CA. Slight modifications on DC mechanism are propose as: 
· All the remaining power can be shared. 

· Priority is determined based on UCI type across CG for the remaining power
· The same UCI type with same channel type collides; PCell gets higher priority over SCell that carries PUCCH.
Proposal 1: The DC power control mode 1 is reused for PUCCH on SCell.
2.2. Reserved power

Reserved power of MeNB and SeNB are introduced for DC and 16 entries for each of PMeNB or PSeNB are defined. If the power allocation for DC in PC mode 1 is reused for PUCCH on SCell for CA, these two RRC configured parameters are needed by the UE to determine transmit power for UL transmission. Thus, the reserved power for PCell and SCell can also be kept. 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 real scheduling since this value configuration is done by eNB. It is possible to set P_CG1=0 and P_CG2=0 to actually disable the mechanism, which is already supported in DC operation.
Proposal 2: Reserved power for PCell and SCell is supported for PUCCH on SCell for CA.

2.3. PHR report

In DC, UE needs to report the PHR of each CGs for both eNBs. For the PHR of the activated cells belonging to another CG/eNB, UE is configured using higher layer signaling to report one of the following:

· Option 1:  Always virtual PH.
· Option 2:  Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH.
For PUCCH on SCell in CA, since all the carrier are coordinated with ideal backhaul, the transmission parameters for all carrier, including instantaneous modulation order, is known by scheduler. Therefore, always virtual PHR is not needed for the CA scenario. Then always configuring UE with Option 2 makes no difference to PHR of CA. Therefore, the PHR report of each serving cell can be computed in the same way as that for CA and the DC PHR report should be disabled.
Proposal 3: The PHR report of each serving cell can be computed in the same way as that for CA in Rel-11 and the DC PHR report should be disabled.
2.4. CSS on SCell

When a UE is configured with DC, the UE should monitor the CSS on pSCell for PDCCH with RA-RNTI, C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and eIMTA-RNTI. In the current CA mechanism, CSS is not supported in SCell and PCell can serve the CSS to assist all SCells. PDCCH with RA-RNTI and eIMTA-RNTI can only be transmitted on PCell. And the TPC for PUCCH on SCell can be carrier by DL assignment. Thus, the motivation of support of CSS on SCell is not justified. Plus, transmission of DCI format 3/3A with PUCCH-TPC-RNTI on the SCell is not needed either. 
Proposal 4: CSS is not supported in the SCell carrying PUCCH for enhanced CA.

3. UCI transmission
There are two alternatives on how to transmit UCI on PUSCH if PUCCH on SCell is supported:

·  Alt1: Simultaneous PUCCH/PUSCH transmission remains an optional capability. A UE that supports PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission 

· 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 

Alt1 is more preferred. The existing scheme for UCI transmission can be reused with a CG. Alt2 would be better than that in Alt1 in terms of power-limited handling. However, it is questionable how much we should optimize the operation with SCell PUCCH in CA for the power-limited case. The transmit parameter of the UE is well known by the eNB in CA scenario. If the UE is already in a power-limited case, it would be better to not configure PUCCH on SCell for that UE. In this sense, Alt2 does not have advantages over Alt1. Alt2 may complicate the UCI multiplexing of one CG since it may depend on the presence of PUSCH. Figure 1 gives one example. In Figure 1(a), when there is no PUSCH in any CG, HARQ-ACK and CSI for CG1 and CG2 are transmitted on PUCCH of CG1 and CG2 respectively. And in Figure 1(b), if there is a PUSCH transmission on CG1, the CSI for CG2 should also be multiplexed on the PUSCH of CG1 according to Alt2. If Alt1 is adopted, the CSI for CG2 is transmitted on PUCCH of CG2 regardless of the presence of PUSCH in CG1. Note that if we consider the possible grant loss, Alt2 will require more blind detections in eNB side.
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Figure 1: UCI multiplexing on PUCCH/PUSCH
4. Enhancement to support up to 32 CCs aggregation
For the CA enhancement, beyond 5 CCs is to be supported. It was proposed that the maximum number of carriers being aggregated can be up to 32. As this is an upper limit, UCI feedback can fully use 2 PUCCH scheme to support up 32 CCs. One example is 2 PUCCH can be use to feedback 2 different carrier groups. Further, more than 2 PUCCHs carrying UCI can be also considered since the 32 carriers require much larger feedback bits than 5 CCs. Other solution can also be considered [4].
5. Conclusion 
In this contribution, the issues of supporting PUCCH on SCell were discussed. In summary, we propose:
Proposal 1: The DC power control mode 1 is reused for PUCCH on SCell.
Proposal 2: Reserved power for PCell and SCell is supported for PUCCH on SCell for CA.

Proposal 3: The PHR report of each serving cell can be computed in the same way as that for CA in Rel-11 and the DC PHR report should be disabled.
Proposal 4: CSS is not supported in the SCell carrying PUCCH for enhanced CA.

Proposal 5: Simultaneous PUCCH/PUSCH transmission remains an optional capability. A UE that supports PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission.
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