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1. Introduction
In RAN2#89, the discussion on PUCCH SCell was started. In the previous meeting, followings were left FFS:
· Activation time line between eNB and UE
· FFS whether the UE does not apply the SCell deactivation timer to a PUCCH SCell.
· FFS: When PUCCH on an SCell is configured, the PUCCH SCell shall be initially deactivated and then explicitly activated by the eNB.
 In this contribution, we discuss the above FFS points
2. Discussion
2.1. Activation time line
In the RAN1 spec, it is specified that when UE receives an activation command for an SCell at subframe#n, the UE shall activate the SCell by subframe#n+X where X is specified in RAN4. This means eNB cannot know the exact UE’s activation timing and should detect UE’s SCell activation by reception of valid CQI on PCell. However, in case of PUCCH SCell, UE does not transmit CQI for the SCell on PCell which may cause additional scheduling delay of the PUCCH SCell. We analyze the additional delay below:
Case1: PUCCH SCell is in pTAG

In this case, a PUCCH SCell is in pTAG and UL on the PUCCH SCell refers to the UL timing and TA timer associated to pTAG.
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Fig.1 Scheduling timing of PUCCH SCell (pTAG)
In case of PCell PUCCH, upon reception of the activation command, UE starts CQI reporting for the SCell at subframe#n+8 and the valid CQI will be reported if the SCell is actually activated. On the other hand, in case of SCell PUCCH, upon reception of the activation command, UE does not report CQI for the SCell until the UE actually activates the SCell. However, eNB can detect the PUCCH SCell activation by detecting the CQI from UE and start DL/UL scheduling. Thus, there is no additional scheduling delay.
Observation1: In case of PUCCH SCell in pTAG, there is no additional scheduling delay.
Case2: PUCCH SCell is in sTAG
In this case, the PUCCH SCell is in sTAG and the PUCCH SCell UL refers to the UL timing and TA timer associated sTAG.
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Fig.2 Scheduling timing of PUCCH SCell (sTAG)
In case of PCell PUCCH, eNB can start DL scheduling after detection of valid CQI for the SCell and start UL scheduling after completion of RA procedure on SCell. On the other hand, in case of PUCCH SCell, eNB does not have means to know the UE’s activation timing since UE does not perform PUCCH transmission on PUCCH SCell due to UL un-sync. Thus, eNB has to wait for the maximum delay specified in RAN4 to start DL scheduling on/for PUCCH SCell which will be e.g., 70~80ms. In this case, the advantage of the good UE implementation which has less activation delay cannot be fully utilized.
Observation2: In case of PUCCH SCell in sTAG, there will be additional scheduling delay and the advantage of good UE implementation cannot be utilized.
The potential solutions are the following: 
· Alt1: UE temporarily reports SCell CQI on PCell until UL sync of the SCell established
· UE reports SCell CQI on PCell until UL sync of SCell is established. Then, UE switches the serving cell to report CQI from PCell to PUCCH SCell immediately upon UL sync establishment.
· Alt2: Trigger RA procedure on PUCCH SCell via other Cell

· Alt2a: Cross Carrier PDCCH order from other serving cell
· eNB transmits PDCCH order via other serving cell and UE triggers RA preamble transmission upon PUCCH SCell activation.
· Alt2b: New MAC CE to trigger RA procedure
· eNB transmits MAC CE to trigger RA procedure on the PUCCH SCell and UE triggers RA preamble transmission upon PUCCH SCell activation. 
Wrt Alt1, eNB has to continue to allocate PUCCH resource both on PCell and PUCCH SCell, and monitor PUCCH transmission during the reconfiguration period on both cells. Although Alt.1 enables to reduce the scheduling delay of SCell in DL, the UL scheduling delay remains the same as shown in Fig.2b. In other words, Alt.1 cannot help to improve the latency performance for TCP throughput.
Wrt Alt2, cross carrier scheduling is utilised or the new MAC CE should be introduced for this behavior.
From eNB’s and UE point of view, Alt2 is simpler and we prefer Alt2b (new MAC CE approach) since eNB can transmits both activation command and the new MAC CE via one PDCCH. 
Proposal1: To resolve the scheduling delay on SCell(s) due to the activation of PUCCH SCell, a new MAC CE to trigger RA procedure on the PUCCH SCell is introduced.
2.2. DeactivationTimer handling for PUCCH SCell
In the last meeting, it was discussed how to avoid the case where the PUCCH SCell is deactivated prior to the SCell belonging to the secondary PUCCH group. One of the scenarios is that the deactivation timer of the PUCCH SCell is expiry while other SCells belonging to secondary PUCCH group are activated. As commented in the last meeting, one of the potential solutions is not to apply the deactivation timer to PUCCH SCell. The discussion point is how to realize it. The possible alternatives are following:

· Alt1: To specify that UE does not use deactivation timer for PUCCH SCell

· We will modify MAC and RRC specification to restrict deactivation timer handling
· Alt2: To introduce a dedicated deactivation timer for PUCCH SCell
· The dedicated timer can be set to sufficiently longer than the value for the other SCells. Alternatively, the value can be set to infinity.
We think both options will have impact on RRC but Alt2 does not have impact on MAC. Alt.2 is less specification imact and so preferred. Moreover, there was a proposal in Rel-12 that an individual deactivation timer value can be set per SCell aimed at more battery saving gain by deactivation. However, it was not agreed due to the indication voting (7 vs. 8) while there were no clear majority. Given that Alt.2 can be covered by the Rel-12 proposal, it is worth to revisit for Rel-13 eCA. Therefore, the following is proposed:
Proposal2: Introduce per SCell deactivationTimer value for PUCCH SCell

2.3. Initial state of PUCCH SCell
In the last meeting, it was questioned whether PUCCH can be reconfigured from PCell to the already activated SCell or PUCCH SCell should be always initially deactivated. The reconfiguration of PUCCH resource can happen when the quality of PUCCH SCell becomes worse or the PUCCH load of PUCCH SCell or PCell becomes heavy. When it is allowed to reconfigure PUCCH resource on-the-fly, the ambiguity period happens. This means that eNB does not know the exact timing when UE reconfigures the PUCCH resource and thus should suspend all the scheduling on the concerning cells until the complete message is received. On the other hand, if it is not allowed to reconfigure on-the-fly, eNB always deactivates the concerning SCell(s) and re-activate after the reconfiguration completion. In this case the extra delay may be added, but as already mentioned, eNB should anyway suspend all the scheduling on the concerning cells. So, the eNB’s implementation will be complicated and the gain is marginal. Therefore, we propose that PUCCH SCell should be always initially deactivated. To realize this behavior, the same approach as TAG reconfiguration can be utilized i.e., the reconfiguration of the PUCCH group is done by removal and addition of the concerning SCells.
Proposal3: PUCCH group is reconfigured by removal and addition of the concerning SCell, i.e., PUCCH SCell is initially deactivated.
3. Summary and Conclusion

In this contribution, we addressed some FFS points to support PUCCH SCell and followings are observed and proposed:
Observation1: In case of PUCCH SCell in pTAG, there is no additional scheduling delay. 
Observation2: In case of PUCCH SCell in sTAG, there will be additional scheduling delay and the advantage of good UE implementation cannot be utilized.
Proposal1: To resolve the scheduling delay on SCell(s) due to the activation of PUCCH SCell, a new MAC CE to trigger RA procedure on the PUCCH Cell is introduced.
Proposal2: Introduce per SCell deactivationTimer value for PUCCH SCell
Proposal3: PUCCH group is reconfigured by removal and addition of the concerning SCell, i.e., PUCCH SCell is initially deactivated.
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