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1. Introduction
The new WI “LTE Carrier Aggregation Enhancement beyond 5 Carriers” has been approved in RAN#66 and two RAN2 related major tasks are listed in this WI.
1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
The intention of this paper is to identity the potential impact on the L2/L3 functions and procedures to support PUCCH on SCell
2. General discussion on PUCCH of SCell
The support of PUCCH on SCell has been discussed in R12. The following agreement has been made in RAN1 and provided in the LS R2-143021.
------------------------------------------------ start of LS R2-143021----------------------------------------------------
· 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
-------------------------------------------- End  of LS R2-143021--------------------------------------------------
According to the agreement made in RAN1, the serving cells will be divided into multiple groups. Each of the group will have one serving cell configured with PUCCH, and the configured PUCCH will be shared by all the serving cells belonging to the group. In order to describe the PUCCH on SCell, we propose to introduce the new concept of  PUCCH cell group in RAN2.
Proposal 1: The concept of PUCCH group provided by RAN1 in LS R2-143021 should be introduced in RAN2 and the characteristics of PUCCH group given in the LS should be adopted as working assumption. 
Based on the agreed WID, we can find that two major tasks are listed as follow:
· For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including.
Considering the two task will be discussed one by one and the extension of DL/UL carrier number may also have some impact on the of PUCCH on SCell, we propose to focus on the impact of PUCCH on SCell without the extension of carrier number first and consider the impact on PUCCH on SCell caused by the extension of UL/DL carrier number later.
Proposal 2: Focus on the impact of PUCCH on SCell without the extension of carrier number first and consider the impact on PUCCH on SCell caused by the extension of UL/DL carrier number later.
3. Impact on the MAC layer
The impact on the MAC layer can be found as follow:
	MAC functions impacted
	ISSUE & Observation

	SR transmission
	Whether SR transmission on SCell PUCCH is allowed?
There is no need to allow the SR transmission on SCell PUCCH in case the maximum number of carriers supported in CA is 5. And it is FFS whether the SR transmission on SCell PUCCH should be allowed in case that the maximum number of carriers supported in CA is extended to 32.

	Activation/Deactivation
	Whether the SCell with PUCCH can be deactivated in case there is some other activated serving cell within the PUCCH group, or what’s the expected behaviour in this case. 
Two alternatives can be considered:
Alt. A: Do not allow to deactivate the SCell with PUCCH in case there are some other activated SCells within the same PUCCH group.
Alt. B: Clarify that the PUCCH on SCell can still be used for the other SCells within the same PUCCH group even the SCell with PUCCH is deactivated. 
Some further analysis on the activation and deactivation for SCell carrying PUCCH can be found in [5].

	PHR
	Which PHR format will be used?
For the PHR format used in case multiple serving cells with PUCCH are configured, if only two serving cells (i.e. PCell and one SCell) with PUCCH are supported, the PHR format for DC can be reused. Otherwise, new PHR format with more than two type2 PH should be considered.

	Maintenance of Uplink Time Alignment
	What’s the relationship between the TAG and PUCCH group?
In order to save the complexity, we propose that each TAG should only belong to one PUCCH group (i.e. all the serving cells within one TAG should belong to the same PUCCH group).
What’s the expected behaviour in case the timeAlignmentTimer for the TAG including the SCell with PUCCH expired?
Since all the serving cells share the PUCCH within the PUCCH group, the TAT of the PUCCH related TAG expired will disable the related PUCCH and therefore disable all the serving cells in the PUCCH group. In order to accelerate the recovery procedure, we think the UE should inform eNB about this PUCCH group failure by a new RRC message.


4. Impact on the RRC procedure
The impact on the RRC layer can be found as follow:
	RRC functions impacted
	ISSUE & Observation

	System information
	Any impact on the system information?
Considering the system information for the SCell is carried in RadioResourceConfigCommonSCell in the dedicated RRC message, the PUCCH related information, which is included in SIB, should also be included in the RadioResourceConfigCommonSCell as well. 

	Configuration of PUCCH group and PUCCH on SCell
	How to define the IEs for the configuration of PUCCH group and PUCCH on SCell.
The configuration of PUCCH group and PUCCH on SCell should be introduced in the related RRC message, and the detail is FFS.

	Capabilities
	What kind of capabilities should be introduced for PUCCH on SCell.
New capabilities should be introduced to indicate whether UE support the configuration of PUCCH group. And it is FFS that whether the simultaneousPUCCH-PUSCH needs to be configured separately for each SCell with PUCCH.

	RLF
	Whether it is necessary to introduce a new procedure to handle the abnormal case of SCell with PUCCH?
Considering the abnormal of SCell with PUCCH (e.g. PUCCH group failure caused by TAT expires) may disable all the serving cells within the same PUCCH group, it may be beneficial to introduce a new procedure to inform eNB the failure and accelerate the recovery procedure.


5. Conclusions
This paper discussed potential impact on the L2/L3 functions and procedures to support PUCCH on SCell. The proposals and issues/observations are summarized as follow:
Proposal 1: The concept of PUCCH group provided by RAN1 in LS R2-143021 should be introduced in RAN2 and the characteristics of PUCCH group given in the LS should be adopted as working assumption. 
Proposal 2: Focus on the impact of PUCCH on SCell without the extension of carrier number first and consider the impact on PUCCH on SCell caused by the extension of UL/DL carrier number later.
	Issues in MAC
	Observation

	Whether SR transmission on SCell PUCCH is allowed?

	There is no need to allow the SR transmission on SCell PUCCH in case the maximum number of carriers supported in CA is 5. And it is FFS whether the SR transmission on SCell PUCCH should be allowed in case that the maximum number of carriers supported in CA is extended to 32.

	Whether the SCell with PUCCH can be deactivated in case there is some other activated serving cell within the PUCCH group, or what’s the expected behaviour in this case. 

	Two alternatives can be considered:
Alt. A: Do not allow to deactivate the SCell with PUCCH in case there are some other activated SCells within the same PUCCH group.
Alt. B: Clarify that the PUCCH on SCell can still be used for the other SCells within the same PUCCH group even the SCell with PUCCH is deactivated. 
Some further analysis on the activation and deactivation for SCell carrying PUCCH can be found in [5].

	Which PHR format will be used?

	For the PHR format used in case multiple serving cells with PUCCH are configured, if only two serving cells (i.e. PCell and one SCell) with PUCCH are supported, the PHR format for DC can be reused. Otherwise, new PHR format with more than two type2 PH should be considered.

	What’s the relationship between the TAG and PUCCH group?

	In order to save the complexity, we propose that each TAG should only belong to one PUCCH group (i.e. all the serving cells within one TAG should belong to the same PUCCH group).

	What’s the expected behaviour in case the timeAlignmentTimer for the TAG including the SCell with PUCCH expired?

	Since all the serving cells share the PUCCH within the PUCCH group, the TAT of the PUCCH related TAG expired will disable the related PUCCH and therefore disable all the serving cells in the PUCCH group. In order to accelerate the recovery procedure, we think the UE should inform eNB about this PUCCH group failure by a new RRC message.


	Issues in RRC
	Observation

	Any impact on the system information?

	Considering the system information for the SCell is carried in RadioResourceConfigCommonSCell in the dedicated RRC message, the PUCCH related information, which is included in SIB, should also be included in the RadioResourceConfigCommonSCell as well. 

	How to define the IEs for the configuration of PUCCH group and PUCCH on SCell?
	The configuration of PUCCH group and PUCCH on SCell should be introduced in the related RRC message, and the detail is FFS.

	What kind of capabilities should be introduced for PUCCH on SCell?

	New capabilities should be introduced to indicate whether UE support the configuration of PUCCH group. And it is FFS that whether the simultaneousPUCCH-PUSCH needs to be configured separately for each SCell with PUCCH.

	Whether it is necessary to introduce a new procedure to handle the abnormal case of SCell with PUCCH?
	Considering the abnormal of SCell with PUCCH (e.g. PUCCH group failure caused by TAT expires) may disable all the serving cells within the same PUCCH group, it may be beneficial to introduce a new procedure to inform eNB the failure and accelerate the recovery procedure.
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