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1 Introduction
RAN2 receives the LS R2-143021 from RAN1 and is informed the latest RAN1 agreements on the support of PUCCH on SCell for CA:
	Agreements:

· 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

· Send an LS to RAN2 asking
· ask RAN2 to analyse the complexity if RAN1 supports PUCCH on Scell in above approaches and provide feedback to RAN1 on whether to support PUCCH on Scell for CA in Rel-12
· whether SR is necessary on Scell if the PUCCH is sent on Scell in carrier aggregation
· RAN1 ask RAN2 whether to consider introduction of one UE capability bit to indicate support for PUCCH on PCell and SCell in CA, separately from the indication of the support of dual connectivity


The contribution analyses the complexity of supporting PUCCH on SCell. The analysis shows that the extra specification effort in RAN2 is minimal, given what have been specified for CA and what have been agreed for dual connectivity. Therefore, we propose RAN2 to agree to support PUCCH on SCell for CA in R12.
2 Discussion
The following table captures an overall analysis on the complexity to support PUCCH on SCell for CA. In the table, the second column lists what have been specified for CA; the third column lists what have been agreed for dual connectivity; the fourth column analyzes the extra work to support PUCCH on SCell for CA; and the last column summarizes the estimated specification efforts.
Table 1 Complexity analysis on supporting PUCCH on SCell for CA
	
	CA
	DC
	Analysis
	Extra specification effort

	Terminology
	NA
	MCG: in dual connectivity, a group of serving cells associated with the MeNB, comprising of the PCell and optionally one or more SCells.

SCG: in dual connectivity, a group of serving cells associated with the SeNB, comprising of PSCell and optionally one or more SCells.
	MCG and SCG belong to different eNBs. PUCCH cell group 1 and 2 belong to the same eNB. Hence, it is difficult to reuse MCG and SCG to represent PUCCH cell group 1 and 2. New terminologies should be introduced.
	Small
(New terminology)

	RLM & RLF
	RLM is not supported on SCell.
	RLM is supported on PSCell.

If RLF is detected on PSCell, the UE stops uplink transmission towards the SeNB and reports the RLF to the MeNB.
	If RLM is not supported on the SCell carrying PUCCH, a UE will continue to transmit PUCCH on the SCell even when it already loses connection with the SCell. This would generate interference on uplink.

Therefore, RLM should be supported on the SCell carrying PUCCH. If RLF is detected on the SCell, the UE stops uplink transmission within the PUCCH cell group 2, and reports the RLF to the eNB.
	Small
(Mostly reuse DC)

	RRM measurement
	Event A4 can be used to select SCell on inter-frequency.

Event A6 can be used to select SCell on intra-frequency.
	Being discussed in RAN2 email discussion [86#29][LTE/DC]RRM measurements.
	The SCell carrying PUCCH should have the same measurement requirement as PSCell in DC. 
	Small
(Mostly reuse DC)

	SCell change
	Old SCell release + New SCell addition
	How to do PSCell change is FFS.
	The PUCCH SCell change is similar to PSCell change in DC.
	Small
(Mostly reuse DC)

	System information
	Required system information of an SCell is provided to UE when the SCell is configured.
The change of an SCell’s system information is handled by release and addition of the concerned SCell in one RRC message. 
	System information of SCG SCells is handled in the same way as what’s done for SCells in CA.

RAN2 intends to rely on UE acquiring MIB on PSCell in order to get the SFN of the SCG and to learn the offset between SFN on MCG and SCG (if any).
	The SCell carrying PUCCH is located on the same eNB as PCell. Hence, CA rule can be reused.
	None
(Reuse CA)

	RAR
	RAR is scheduled via the RA-RNTI on PCell.
	RAR is sent from the eNB to which the preamble was sent.
	Since the SCell carrying PUCCH belongs to the same eNB as PCell, the principle in CA should be already enough.
	None
(Reuse CA)

	Common search space
	Common search space is not supported on SCells.
	Common search space is supported on PSCell.
	Common search space is used to transfer system information, RAR and TPC command with DCI format 3/3A. As it is analyzed in the above two rows, receptions of system information and RAR are not needed on the SCell carrying PUCCH. And how to support PUCCH power control is up to RAN1 decision.
	None
(Up to RAN1)

	Uplink time alignment
	When the timeAlignmentTimer associated with pTAG is not running, the timeAlignmentTimer associated with an sTAG shall not be running.
	A TAG may only comprise cells of one eNB.
The expiry of timeAlignmentTimer associated with one CG does not affect the other CG.
When the timeAlignmentTimer associated with sTAG including PSCell is not running, the timeAlignmentTimer associated with an sTAG in the SCG shall not be running.
The expiry of the timeAlignmentTimer associated to the SCG TAG including PSCell triggers the same actions on SeNB as the expiry of the pTAG timeAlignmentTimer does in CA. 
The expiry of the timeAlignmentTimer associated to SCG TAG not including PSCell triggers the same actions on SeNB as the expiry of an sTAG timeAlignmentTimer does in CA. 

	pTAG may contain SCells from both PUCCH groups 1 & 2. But an sTAG may only comprise cells of one PUCCH cell group.
When the timeAlignmentTimer associated with pTAG is not running, the timeAlignmentTimer associated with an sTAG shall not be running.
When the timeAlignmentTimer associated with the sTAG including the SCell carrying PUCCH is not running, the timeAlignmentTimer associated with an sTAG in the PUCCH cell group 2 shall not be running.

	Small
(Small delta on top of what’s for CA and DC)

	DRX
	Common DRX is used for PCell and all the SCells.
	Separate DRX is used for MeNB and SeNB.
	Since the SCell carrying PUCCH belongs to the same eNB as PCell, CA rule should be reused.
	None
(Reuse CA)

	Activation/Deactivation
	SCell can be activated and deactivated.
	PSCell is always in activated state, when SCG is configured.
	Activation and deactivation can bring power saving and interference reduction. Hence, activation/deactivation should still be supported on the SCell carrying PUCCH.

However, the SCell carrying PUCCH should be activated before other SCell in the PUCCH cell group 2 is activated; and the SCell carrying PUCCH cannot be de-activated unless the other SCells in the PUCCH cell group 2 are all de-activated.
	Small
(A small delta on top of CA)

	SR & Contention-based RACH
	SR is not supported on SCell.

Contention-based RACH is not supported on SCell.
	SR is supported on PSCell.

Contention-based RACH is supported on PSCell.
	Considering SR and contention-based RACH are already supported on PCell and the SCell carrying PUCCH belongs to the same eNB as PCell, it is not necessary to support them on the SCell carrying PUCCH.
	None
(Ruse CA)

	Pathloss reference & Timing reference
	For SCell in pTAG, its pathloss reference can be configured to be PCell or SIB-2 linked SCell;

For SCell in an sTAG, its pathloss reference shall be the SIB-2 linked SCell.

For SCell in pTAG, its timing reference is PCell;

For SCell in an sTAG, its timing reference can be any activated SCell in the sTAG.
	The path-loss reference cell is SIB-2 linked SCell in the sTAG regardless of whether the sTAG includes PSCell or not.

The timing reference cell can be any activated SCell in the sTAG not including the PSCell. For the sTAG including the PSCell, it is the PSCell.
	CA rule can be reused.
	None
(Reuse CA)

	Common or separate MAC entity
	Common MAC
	Separate MAC
	As it is analyzed above, almost all the MAC functionalities specified for CA can be applied to the SCell carrying PUCCH. Hence, PUCCH cell groups 1 and 2 can have a common MAC entity.
	Small
(Mostly reuse CA)

	UE capability
	Capability bit per band combination.
	Being discussed in RAN4.
	This should be decided in RAN4, as it involves UE uplink transmission capability.  From RAN2 point of view, it is feasible to provision this feature separately from Dual Connectivity.  
	Up to RAN4


3 Conclusion
Based on the above analysis, it can be observed that:
· Most principles specified for SCell in CA can also be applied to the SCell carrying PUCCH without any modification;
· Only a few functionalities, such as RLM&RLF, RRM measurement and SCell change, may need extra specification effort to support the SCell carrying PUCCH; but it is also foreseen that these functionalities should be very similar to what are being specified for PSCell in DC.
Hence, the complexity is quite limited to support PUCCH on SCell for CA in RAN2. Therefore, it is proposed that:
Proposal 1: The support of PUCCH on SCell for CA can be specified in R12.
In addition, the following proposals are made based on the analysis in the section 2:

Proposal 2: New terminologies are introduced for PUCCH cell group 1 and 2.
Proposal 3: RLM is supported on the SCell carrying PUCCH. If RLF is detected on the SCell, UE stops uplink transmission towards the PUCCH cell group 2 and reports the RLF to the eNB.
Proposal 4: An sTAG may only comprise cells of one PUCCH cell group.
Proposal 5: When the timeAlignmentTimer associated with the sTAG including the SCell carrying PUCCH is not running, the timeAlignmentTimer associated with an sTAG in the PUCCH cell group 2 shall not be running.

Proposal 6: The SCell carrying PUCCH should be activated before other SCell in the PUCCH cell group 2 is activated; and the SCell carrying PUCCH cannot be de-activated unless the other SCells in the PUCCH cell group 2 are all de-activated.
Proposal 7: SR is not supported on the SCell carrying PUCCH.

Proposal 8: RAN4 should be invited to decide whether or not UE can indicate the support of PUCCH on SCell for CA and the support of Dual Connectivity separately.
A drafted LS is provided in [1] to inform RAN1 our decisions on the support of PUCCH on SCell for CA.
4 Reference
[1] R2-143219, Draft LS Reply on the support of PUCCH on two serving cells in CA, Huawei, HiSilicon.
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