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Discussion and Decision
1. Introduction
Dual connectivity operation assumes the existence of two PUCCHs: one on PCell to carry control information for MeNB (i.e. its corresponding MCG) and the other one on pSCell to carry control information for SeNB (i.e. its corresponding SCG). The dual PUCCH is also being considered for CA in Rel-12. While some of the design for dual connectivity can be reused for CA with dual PUCCH, not everything is needed and even not desired. The reason for the latter is that dual connectivity is designed to address the non-collocated dual eNB connection case, while in CA, UE is connected to a single eNB with all collocated cells.

In this document we discuss which of the dual connectivity features can be utilized for CA with dual PUCCH, and which ones should be treated irrespective of dual connectivity design and more like an extension of the current CA specification.   
2. Discussion
Support of SCell PUCCH for CA was discussed in RAN1 and the following agreements were made [RAN1 #77]:
· If PUCCH on Scell for CA is supported, PUCCH transmission on two serving cells in CA is realized by the 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.
The e-mail discussion after the RAN1 #77 meeting resulted in the following:

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
· FFS for how to transmit UCI on PUSCH if PUCCH on SCell for CA is supported
· FFS between
· 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 (basically similar as dual connectivity)
· 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 

Additional considerations for PUCCH on the pSCell for CA can include some design that is common with the dual connectivity design, while some design would be independent of the dual connectivity and more tailored for the case of CA. As mentioned above, the reason for the latter is that dual connectivity is designed to address the non-collocated dual eNB connection case, while in CA, UE is connected to a single eNB with all collocated cells.
2.1 Dual PUCCH Features in CA
The following are the dual connectivity features that we believe are not needed for dual PUCCH CA:
· Separate DRX configuration
· PL estimation of other SCells based on the special SCell
· SPS on pSCell

· TTI bundling on SCell

· Configured common search space on pSCell

· S-RLF
· SR configured on PCell or pSCell

· It could potentially be configured on both, but UE would be able to utilize only one at the time. The timers need to be coordinated or kept as a common timer, to avoid duplicate requests 
· Reserved min power for the two cell groups

· The power control for CA with dual PUCCH can be the same in Rel-10/11, just taking into account an additional PUCCH. If UE is power limited, it needs to prioritize both PUCCHs before PUSCHs. The power for all PUSCHs is scaled uniformly after power for both PUCCHs and possibly PUSCH with UCI is accounted for. This is a simple extension with respect to Rel-10/11 specification.
Those features can be kept as in Rel-10/11 CA because regardless of the two PUCCHs, UE is connected only to a single eNB (hence logical/physical cell collocation is assumed). In that context the following functionalities are considered:

· Power headroom reporting

· The type 2 PHR should be applicable to the special SCell carrying PUCCH the same way it is applicable to PCell with PUCCH and PUSCH simultaneous transmission
· SRS handling
· SRS dropping/scaling can be done as in Rel-10/11 with additional accounting for the PUCCH on pSCell
· Common configuration for simultaneous A/N and CQI configuration for PUCCHs

· simultaneousAckNackAndCQI for PUCCH formats 2/2a/2b and simultaneousAckNackAndCQI-Format3-r11 for PUCCH format 3 are separately defined anyway in case the PUCCH formats are different
· Simultaneous PUCCH/PUSCH Tx  

· UE capability is kept optional, the same as in Rel-10/11. That means that the meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10/11 is not be changed. In that sense, with respect to the above mentioned e-mail discussion, we prefer the 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. The simultaneous PUCCH and PUSCH as configuration parameter is set independently in the two PUCCH groups, presuming that the UE supports simultaneous PUCCH/PUSCH

· UCI mapping

· For CA case, a more efficient UCI distribution can be achieved if the UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells
· Allows that in some cases part of the UCI is transmitted on PUSCH of the other CG while if dual connectivity approach was used it would have been transmitted on PUCCH only (and possibly incurring more CSI dropping) 

· Simplifies the prioritization rules and provides more efficient power management in case of UE power limitation as there is only one PUSCH with UCI

· No need for two PUSCHs with UCI nor two PUCCHs when no simultaneous PUCCH/PUSCH is allowed on both CGs and there is PUSCH on only one CG.
Features like contention based RACH on PSCell and separate PUCCH format configurations on two PUCCHs are useful and can be done the same way as in dual connectivity.

Proposal 1:
DRX, PL estimation, SPS, TTI bundling, RLF, and SR handling are the same as in Rel-11 CA.
Proposal 2:
No common search space on pSCell.
Proposal 3:
Power control is based on Rel-11 CA, where the additional PUCCH is taken into account (prioritized over PUSCH).

Proposal 4:
SRS handling is based on Rel-11 CA, where the additional PUCCH is taken into account for SRS scaling/dropping.
Proposal 5:
Simultaneous PUCCH/PUSCH transmission capability is kept optional and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission.
Proposal 6:
UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells.

Proposal 7: Support contention based RACH on pSCell.

Proposal 8: Support separate PUCCH format configuration on the two PUCCHs.
2.1 Details of UCI Mapping
The mapping of the UCI of both CGs to a single PUSCH has to be coordinated with the simultaneous PUCCH/PUSCH configuration.
If the simultaneous PUCCH/PUSCH is not supported by a UE (and hence not supported on both CGs), it is not possible to have simultaneous PUCCH on one CG and PUSCH on another CG. In that case the UCI would be mapped on the corresponding PUCCHs in the absence of any PUSCH. UCI would be mapped on the appropriate (lowest CellID) PUSCH if at least one PUSCH is available (hence no PUCCH transmission). Figure 1 shows all possible the mapping cases: when there are PUSCHs on both CGs, on only one CG, and no PUSCH. It is assumed that the PUSCH on CG1 has a lower CellID. The A/N codebook size for mapping on PUSCH is based on the number of configured carriers across both CGs (total number of configured carriers).
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Figure 1: Simultaneous PUCCH/PUSCH not supported

If simultaneous PUCCH/PUSCH is supported by a UE as a capability and also supported by configuration on PCell/pSCell in case PUSCH on which UCI is to be mapped is on one of them, or regardless of PUCCH/PUSCH configuration on PCell/pSCell in case PUSCH on which UCI is to be mapped is not on one of them, CSI is mapped on the appropriate PUSCH and A/N is mapped on the corresponding CG PUCCH (as shown in Figure 2). If there is no A/N for a CG, CSI is mapped on the corresponding CG PUCCH.
If simultaneous PUCCH/PUSCH is supported by a UE as a capability but within the carrier the simultaneous PUCCH/PUSCH is not configured on PCell or PSCell and there is a PUSCH on PCell/PScell, then the UCI for MCG/SCG will be mapped on the appropriate PUSCH and the PUCCH on PCell/pSCell will not be transmitted (Figure 3). The A/N codebook size for mapping on PUSCH is based on the number of configured carriers on the CG for which PUCCH is not transmitted (disabled PUCCH/PUSCH simultaneous transmission for the carrier with PUCCH). If the simultaneous PUCCH/PUSCH is not configured on both PCell and PSCell and there is a PUSCH on PCell and PScell, the UCI for MCG and SCG will be mapped on the appropriate PUSCH and the PUCCH on PCell and pSCell will not be transmitted. This has the same effect as if the UE was not supporting the simultaneous PUCCH/PUSCH transmission by capability (the first scenario in Figure 1). Note that Figure 2 is applicable in cases where PUSCH is on the carriers different that PCell/PScell regardless of the PUCCH/PUSCH configuration per carrier.
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Figure 2: Simultaneous PUCCH/PUSCH supported
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Figure 3: Simultaneous PUCCH/PUSCH supported by a UE by capability, but not configured for one of the cells carrying PUCCH
3
Conclusion
Based on the discussion presented in the paper, to support dual PUCCH in CA we propose the following: 
Proposal 1:
DRX, PL estimation, SPS, TTI bundling, RLF, and SR handling are the same as in Rel-11 CA.
Proposal 2:
No common search space on pSCell.

Proposal 3:
Power control is based on Rel-11 CA, where the additional PUCCH is taken into account.

Proposal 4:
SRS handling is based on Rel-11 CA, where the additional PUCCH is taken into account.
Proposal 5:
Simultaneous PUCCH/PUSCH transmission capability is kept optional and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission.

Proposal 6:
UCI transmission on PUSCH is kept common across both carrier groups, i.e. UCI on PUSCH is mapped as in Rel-10/11 on a single PUSCH including the control for all configured cells.

Proposal 7: Support contention based RACH on PSCell.

Proposal 8: Support separate PUCCH format configuration on the two PUCCHs.
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