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1. Introduction
Rel-13 CA enhancement was introduced in RAN#66 [1]. One main issue is to introduce PUCCH on SCell in order to reduce PUCCH load on PCell. In this contribution, we give our view on the modeling and propose to introduce the new concept “PUCCH Cell Group”.
2. Discussion
2.1. Modeling
According to the WID, the modeling of PUCCH on SCell should follow the three design principles as below:
1) UCI mechanism in DC is reused as much as possible;

2) UE has UL CA capability;

3) Based on CA L2/L3 architecture, e.g. one MAC entity. 

According to the principle-3, based on the CA architecture, the impact part should be only focus on the UCI transmission part. The modeling of UCI transmission in DC is given in Figure-1. In this modeling,
· PUCCH transmission on PCell and PSCell;

· In MCG/SCG, there is one serving cell used for UCI transmission;
· PCell/PSCell is used for UCI transmission for all serving cells within MCG/SCG;
· Within MCG/SCG, the Rel-11 UCI transmission is reused;
· The relationship between serving cells and MCG/SCG is configured by RRC dedicated signaling.
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Figure-1 PUCCH transmission in DC

Figure-2 PUCCH transmission in Rel-13 CA
According to the principles, the UCI transmission modeling of PUCCH on SCell in CA should be similar as that in DC, and new concept “PUCCH Cell Group” should be introduced, which is similar as MCG and SCG. 
Proposal 1: It is proposed to introduce new concept “PUCCH Cell Group”, which comprise one or more serving cells and one of them configured with PUCCH, and the related UCI transmitted within the CG. 
With the introduction of PUCCH Cell Group (i.e. PCG), the modeling of PUCCH on SCell is given in Figure-2, and the characteristics are listed as below:
· There are two PCGs; (Note: due to there are two CGs in DC, according to the WI, here we assume two PCGs are sufficient.)
· In each PCG, there is only one serving cell configured with PUCCH for UCI transmission;

· For the PCG including PCell (i.e. pPCG), PUCCH can only be configured on PCell;

· For the other PCG (i.e. sPCG), PUCCH can only be configured on one SCell.
· In each PUCCH CG, there is only one serving cell configured with PUCCH for UCI transmission.
Since no new functionality is introduced on PCell, the working mechanism in pPCG is same as today. But in sPCG, due to PUCCH introduced on SCell, which is a new special SCell, the working mechanism and maintenance on sPCG should be discussed.
Proposal 2: It is proposed to introduce two kinds of PUCCH Cell Group, pPCG and sPCG:
· pPCG is the PUCCH Cell Group containing PCell;

· sPCG is the PUCCH Cell Group containing one SCell with PUCCH.
2.2. Working mechanism of sPCG
2.2.1 Configuration
Same as MCG/SCG configuration method, the PCG configuration should be configured by RRC dedicated signaling. If there is no explicit configuration on one serving cell, the serving cell should belong to pPCG. 
Proposal 3: The relationship between serving cell and sPCG is configured by RRC dedicated signaling. 

Since the PUCCH on SCell is responsible for the HARQ A/N feedback of the related sPCG, eNB should configure one sPCG with at least one SCell configured with PUCCH. If the eNB wants to change the PUCCH SCell within the sPCG, eNB should stop all the downlink transmission in the sPCG or reconfigure the other serving cell to the other PCG first. Whatever, the reasonable configuration can be up to eNB implementation, and normal reconfiguration is sufficient to perform the PUCCH SCell and sPCG change.

Proposal 4: sPCG and PUCCH SCell change can be performed via normal RRC reconfiguration. 
2.2.2 Maintenance
In sPCG, due to PUCCH introduced on SCell, all the downlink transmission within it could be impacted by the PUCCH SCell. The analysis is given as below.
1) Scheduling
In DC, the cross carrier scheduling is limited within one CG and PSCell is only can be self-scheduled. But in CA the situation is different. Since all serving cells belong to the same eNB, there is no difficulty to perform the cross carrier scheduling across PCGs. Even if there is something wrong on the PUCCH transmission on PUCCH SCell, eNB can detect it and stop the related scheduling in the sPCG

Proposal 5: Cross carrier scheduling should be allowed across PCGs.
1） UL timing maintenance
In case of MTA, TAG is introduced for different UL timing maintenance, which is a kind of cell group. Considering the two kinds of cell group in CA, due to the different purpose, there is no relationship between TAG and PCG: PCG is introduced for PUCCH load reduction, and TAG is introduced for multiple UL timing. In other words, the serving cells of one PCG can be in different TAGs, and serving cells of one TAG can be in different PCGs. 
Proposal 6: There is no relationship between PCG and TAG partition.
But in sPCG, if there is possible downlink transmission, the PUCCH SCell should be in sync for the A/N feedback and CSI transmission. Due to the downlink transmission is controlled by eNB, we think eNB implementation can take care of it. Rely on eNB reasonable implementation; it is unnecessary to require UE stop downlink data reception in sPCG when PUCCH SCell is out of sync. 

Proposal 7: PUCCH SCell should be in-sync if there is possible downlink transmission in sPCG. 
2） Activation/Deactivation
According to [2], PUCCH SCell can be deactivated. Since there is no UL/DL transmission on deactivated SCell, A/N feedback on PUCCH SCell cannot be performed, and the downlink transmission in sPCG would be impacted.  Since eNB is aware of serving cell’s activated state, it can be rely on eNB implementation to keep PUCCH SCell in activated state when there is possible downlink transmission in sPCG.
Proposal 8: PUCCH SCell should be in activated state if there is possible downlink transmission in sPCG. 
3. Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: It is proposed to introduce new concept “PUCCH Cell Group”, which comprise one or more serving cells and one of them configured with PUCCH, and the related UCI transmitted within the CG. 

Proposal 2: It is proposed to introduce two kinds of PUCCH Cell Group, pPCG and sPCG:

· pPCG is the PUCCH Cell Group containing PCell;

· sPCG is the PUCCH Cell Group containing one SCell with PUCCH.

Proposal 2: It is proposed to introduce two kinds of PUCCH Cell Group, pPCG and sPCG. In pPCG PUCCH transmission is on PCell; in sPCG, PUCCH transmission is on one SCell configured with PUCCH.

Proposal 3: The relationship between serving cell and sPCG is configured by RRC dedicated signaling. 

Proposal 4: sPCG and PUCCH SCell change can be performed via normal RRC reconfiguration. 
Proposal 5: Cross carrier scheduling should be allowed across PCGs.

Proposal 6: There is no relationship between PCG and TAG partition.

Proposal 7: PUCCH SCell should be in-sync if there is possible downlink transmission in sPCG. 
Proposal 8: PUCCH SCell should be in activated state if there is possible downlink transmission in sPCG. 
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