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1. Introduction
At the 3GPP TSG RAN #66 meeting, a work item for carrier aggregation enhancement beyond 5 carriers for LTE Release 13 was approved in [1]. One of the objectives of the work item is to specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation (CA). This contribution intends to discuss the required L2/L3 functions and procedures to support PUCCH on SCell in CA for the UE. 
2. Discussion
Based on the information provided in RAN1 LS [2], we know that following agreements were made for support of SCell PUCCH 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
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Figure 1: Example of PUCCH on SCell in Carrier Aggregation

PUCCH on SCell has been functionally supported in Rel-12 Dual Connectivity (DC), which is designed to address PUCCH transmission taking into account the design constraint that MeNB and SeNB are connected via non-ideal backhaul. Such a design constraint in DC does not exist in CA, where UE is connected with a single eNB and implemented with one MAC entity as illustrated in FIG.1. Due to difference in the backhaul link between CA and DC, it is necessary to re-evaluate some of the features already presented in Rel-12 DC for potential applicability in Rel-13 CA.

In our view, the design should not penalize existing CA operation due to the introduction of PUCCH on SCell. In general, any modifications to current CA operation shall only be associated with providing proper operation for PUCCH transmission on SCell, and the advantages of CA over DC operation shall be maintained unless it is unavoidable.
To make the discussion simpler, we use term special SCell to denote the SCell containing UL PUCCH resources. 

In the following, we discuss various aspects related to the support PUCCH on SCell in CA:  
· PUCCH cell group management   
· Several options have been discussed in [3] for grouping the SCells which share a CC for PUCCH transmission. It is the simplest way to extend the existing RRC signalling for CA by adding the PUCCH cell group configuration e.g. mapping between SCell and a PUCCH cell group, and PUCCH configuration on special SCell. It should be taken as the baseline. 

· The eNB would select the special SCell among current SCell or candidate SCell considering cell loading or channel status. Therefore, we think that the existing RRM measurement is sufficient for special SCell management. 

· For a SCell other than a special SCell, PUCCH cell group re-association can be achieved by using SCell addition/release procedure to remove it and then add a new SCell associated with another PUCCH cell group. 
· If no PUCCH cell group assignment is provided, the SCell(s) could implicitly be associated to PCell for PUCCH transmission, thus ensuring a Rel-13 CA UE would behave like a Rel-12 UE in a Rel-12 network regarding PUCCH transmission. 
· Radio Link Monitoring (RLM) and Radio Link Failure (RLF) on special SCell
· Our view is that RLM and RLF are not required on the special SCell. We understand the support of RLM on pSCell under DC is mainly motivated because the SeNB may not be able to detect RLF situation on pSCell e.g. contention PRACH transmission failure. In CA, special SCell radio link problem could be detected by the eNB based on CQI/SRS reporting and/or RRM measurement reports for the special SCell, so there is less incentive to introduce RLM on the special SCell. 
· DRX
· Reuse the existing CA mechanism and a common DRX configuration is applied across two cell groups. There is no reason to modify DRX operation because the CA operation in user plane remains same.
· D-SR on special SCell

· No need to configure D-SR on special SCell and SR on PCell is sufficient for CA due to the fact that all radio bears are served within a single eNB/MAC entity.
· Activation/Deactivation

· In DC, cross-eNB SCells activation/deactivation is not supported due to non-ideal backhaul between two eNBs. Consequently, it was agreed that pSCell is always activated such that SeNB can dynamically activate/deactivate serving cells in SCG based on UE’s traffic demand in a timely manner. In CA, PCell is always kept activated and serves for activation/ deactivation of SCells associated with a single eNB. Although the special SCell is introduced, the special SCell can be still activated/deactivated. However, there would be some restriction considering that the special SCell serves other SCells. For instance, special SCell can be deactivated if there was no traffic activity on serving cells associated with special SCell for PUCCH feedback. It is our understanding that a UE is not expected to receive MAC CE to deactivate special SCell unless all the other serving cells within the corresponding PUCCH cell group has been deactivated. That means, the network should ensure that the special SCell is not deactivated by a deactivation command unless all SCells in the same cell group have been deactivated.  
· In CA, SCells can get deactivated either by an Activation/deactivation MAC CE or by the sCellDeactivationTimer. The UE maintains one sCellDeactivationTimer per SCell with a common value across SCells. The sCellDeactivationTimer may still expire which could cause the special SCell to be deactivated. To avoid this, UE shall not apply a sCellDeactivationTimer for special SCell. Alternatively, it can be left for the responsibility of eNB to avoid this situation, e.g. by sending message before it expired, which causes increased complexity at eNB side.  
· Power headroom reporting (PHR) 

· The type 2 PHR should be applicable to the special SCell the same way as it is applied to PCell in accordance with the simultaneous PUCCH and PUSCH transmission configuration. Naturally, the Rel-12 PHR MAC CE format for DC can be directly reused.
· TAG management
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Figure 2: TA grouping with PUCCH cell grouping in CA


· Similar to Rel-12 CA, when the TAT associated with TAG including special SCell expired (i.e. sTAG 2 in FIG.2), UE should consider itself out of sync on all serving cells in the associated TAG until the TAT is started again. For all SCells belonging to this expired sTAG, UE shall flush all HARQ buffers and notify RRC to release SRS. More specifically, we think MAC shall notify RRC to release PUCCH in special SCell.. 
· The expiry of TAT of special SCell group (i.e. sTAG2 in FIG.2) prevents all UL transmission (including PUCCH) except preamble in the cells of this sTAG but does not affect the UL transmission towards cells of the other TA groups (SCell 6 and 7 of sTAG3 in FIG.2), which are configured to use this special SCell for PUCCH transmission since PUSCH/SRS transmission is still possible. Moreover, it can be FFS regarding whether UE is required to monitor PDCCH on SCells of other sTAG after special SCell TAT expiry.    
Based on the above discussions, we have following proposals: 

Proposal 1: Grouping SCells for PUCCH transmission is based on Rel-12 RRC signalling of CA, where the PUCCH cell group information and additional PUCCH configuration on special SCell are added. 

Proposal 2: The existing measurement events are sufficient for special SCell selection.
Proposal 3: If no PUCCH cell group assignment is provided, the activated SCell(s) should implicitly be associated with PCell for PUCCH transmission. 
Proposal 4: DRX, RLM/RLF and D-SR handling are the same as in Rel-12 CA.

Proposal 5: Activation/deactivation of special SCell is performed as in Rel-12 CA. However, the limitation of SCell deactivation based on SCell activation/deactivation in the same PUCCH cell group can be discussed more.
Proposal 6: PHR MAC CE format defined for Rel-12 DC can be reused in CA, where type 2 PHR is applied for special SCell taking into account the PUCCH transmission. 
Proposal 7: When special SCell TAT expired, MAC shall notify RRC to release PUCCH in special SCell in addition to following Rel-12 sTAG expiry handling procedure.
3. Conclusion
In this contribution, we have discussed potential RAN2 specification impacts for support of PUCCH on SCell. Based on the discussions we make the 7 proposals that are listed at the end of section 2. 
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