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1 Introduction
In the last RAN4 meeting all core RRM requirements for enhanced CA utilization except those related to the direct SCell activation and hibernation at RRC reconfiguration were completed. The requirements for SCell activation and direct hibernation at RRC reconfiguration (i.e. during HO) were discussed in the last meeting [1-2]. But it was agreed to postpone them until RAN4#88bis meeting. 
In this contribution we further analyze the direct SCell activation and hibernation requirements at RRC reconfiguration during the handover.
2 Analysis of Requirements during HO
2.1.1 Direct SCell activation or Hibernation delay during handover

In case of handover to another E-UTRAN PCell, the UE should start SCell activation or SCell hibernation procedure after receiving the UL grant from the old PCell (in case of RACH-less HO with grant provided by old PCell) or after receiving the UL grant from the new PCell (in normal handover or in RACH-less handover without grant from old PCell). In the latter case the UL grant should also be accompanied by a valid TA applicable to the target PCell. Otherwise the handover procedure may be further interrupted or delayed. 

It is preferred to define requirements for all types of handover. 

In case of RACH-less handover when the uplink grant is provided by old PCell, the handover interruption time is deterministic i.e. 30 ms assuming Tsearch = 0 (e.g. section 5.1.2.1.2.2 of TS 36.133). Therefore in this case the UE can activate a known SCell within TRRC_process + Tinterrupt + 20 ms, starting from the moment the UE receives the RRC reconfiguration message (to perform HO and direct SCell activation). 

However the UE needs extra time if the UE needs to acquire TA and also the UL grant from the target PCell. The UE obtains them after performing the HO. Only after the UE has the TA and UL grant, it can initiate the activation or hibernation procedure.  

The UE is assigned new PUCCH format in the new PCell after the HO. Therefore if the UE has successfully performed HO to the target PCell then it can configure the appropriate PUCCH format, which depends on whether one or more SCells are activated or not. We also don’t see any reason to add any extra time period to account for the time to receive RRC reconfiguration complete message at the target PCell before the UE can activate or hibernate the SCells.
Proposal # 1: The requirements for direct SCell activation or direct SCell hibernation delay during handover are defined for all types of HO within E-UTRAN (HOs covered in section 5.1 of TS 36.133).
Proposal # 2: Upon receiving RRC reconfiguration message (to activate or hibernate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation or hibernation of a known SCell in subframe n+TRRC_Process + Tinterrupt + T1 +T2 +T3 + j*Ttime_direct_known + (j-1)*Tinterupt_direct
· where TRRC_Process is the number of subframes to process the RRC reconfiguration message.
· Tinterrupt : It is the interruption time for handover and depends on the type of handover. It is defined in section 5.1.2 of TS 36.133 for different types of handovers within E-UTRAN.
· j (1 ≤ j ≤ M) denotes the index of SCell indicated in the RRC reconfiguration message, where M is the maximum number of SCells included in the RRC reconfiguration message and shall not exceed the maximum number (N) of SCells supported by the UE.
· T1: It is the delay uncertainty in acquiring the first available PRACH occasion in the target PCell. T1 is up to 25 subframes and the actual value of T1 shall depend upon the PRACH configuration used in the target PCell.

· T2: It is the delay for obtaining a valid TA command for the target PCell from the target PCell and the scheduling grant for sending valid CSI report in the target PCell. T2 is up to 13 subframes.

· T3: It is the delay for applying the received TA for upling transmission in the target PCell. T3 is 6 subframes.
· Ttime_direct_known: It is 20 ms.
· Ttime_direct_unknown: It is 30 ms.
· Tinterupt_direct: It is the interruption window which is 5 ms for FDD and 7 ms for TDD.
Proposal # 3: Upon receiving RRC reconfiguration message (to activate or hibernate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation or hibernation of an unknown SCell in subframe n+TRRC_Process + Tinterrupt + T1 +T2 +T3 + j*Ttime_direct_unknown + (j-1)*Tinterupt_direct
· Where, Ttime_direct_unknown: It is 30 ms.
In case of RACH-less handover when uplink grant is provided to the UE by the old PCell in the RRC reconfiguration message: T1 = T2 =T3  = 0.

2.1.2 Interruption under direct SCell activation or Hibernation during handover

The interruption time when direction activation or hibernation is done during handover should also be the same as in legacy SCell activation requirements defined in section 7.7 of TS 36.133. Therefore the maximum length of the window during which the interruption should be allowed needs to be up to 4 subframes after RRC procedure if PCell is FDD (i.e. Tinterrupt = 5 SFs) or 7 subframes after RRC procedure if PCell is TDD (i.e. Tinterrupt = 7 SFs). The complete proposal is as follows:
Proposal # 4: Interruption during direct SCell activation or hibernation at handover to the target PCell is as follows:
If the UE is configured with single SCell or does not have any activated SCell then the interruption shall be only on PCell. In this case:

· The PCell interruption shall not occur after subframe n+TRRC_Process+Tinterrupt+5 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+ Tinterrupt+7 when PCell belongs to E-UTRA TDD.
If the UE is configured with multiple SCells and have at least one activated SCell then the interruption shall occur on PCell and all the activated SCell. In this case:

· The interruption on the PCell and/or on the activated SCell due to the SCell activation shall not occur after subframe n+TRRC_Process+Tinterrupt+7 if:

· the PCell and/or the activated SCell being interrupted and the SCell being activated belong to E-UTRA TDD, or

· the activated SCell being interrupted and the SCell being activated belong to E-UTRA FDD and the PCell belongs to E-UTRA TDD.

-
Otherwise, the interruption on PCell and/or on the activated SCell due to the SCell activation shall not occur after subframe n+TRRC_Process+Tinterrupt+5.
3 Summary

In this paper we have analysed the RRM requirements related to direct SCell activation with and without handover. The main proposals are as follows:
Proposal # 1: The requirements for direct SCell activation or direct SCell hibernation delay during handover are defined for all types of HO within E-UTRAN (HOs covered in section 5.1 of TS 36.133).

Proposal # 2: Upon receiving RRC reconfiguration message (to activate or hibernate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation or hibernation of a known SCell in subframe n+TRRC_Process + Tinterrupt + T1 +T2 +T3 + j*Ttime_direct_known + (j-1)*Tinterupt_direct
· where TRRC_Process is the number of subframes to process the RRC reconfiguration message.

· Tinterrupt : It is the interruption time for handover and depends on the type of handover. It is defined in section 5.1.2 of TS 36.133 for different types of handovers within E-UTRAN.
· j (1 ≤ j ≤ M) denotes the index of SCell indicated in the RRC reconfiguration message, where M is the maximum number of SCells included in the RRC reconfiguration message and shall not exceed the maximum number (N) of SCells supported by the UE.
· T1: It is the delay uncertainty in acquiring the first available PRACH occasion in the target PCell. T1 is up to 25 subframes and the actual value of T1 shall depend upon the PRACH configuration used in the target PCell.

· T2: It is the delay for obtaining a valid TA command for the target PCell from the target PCell and the scheduling grant for sending valid CSI report in the target PCell. T2 is up to 13 subframes.

· T3: It is the delay for applying the received TA for upling transmission in the target PCell. T3 is 6 subframes.
· Ttime_direct_known: It is 20 ms.
· Ttime_direct_unknown: It is 30 ms.
· Tinterupt_direct: It is the interruption window which is 5 ms for FDD and 7 ms for TDD.
Proposal # 3: Upon receiving RRC reconfiguration message (to activate or hibernate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation or hibernation of an unknown SCell in subframe n+TRRC_Process + Tinterrupt + T1 +T2 +T3 + j*Ttime_direct_unknown + (j-1)*Tinterupt_direct
· Where, Ttime_direct_unknown: It is 30 ms.

Proposal # 4: Interruption during direct SCell activation or hibernation at handover to the target PCell is as follows:
If the UE is configured with single SCell or does not have any activated SCell then the interruption shall be only on PCell. In this case:

· The PCell interruption shall not occur after subframe n+TRRC_Process+Tinterrupt+5 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+ Tinterrupt+7 when PCell belongs to E-UTRA TDD.
If the UE is configured with multiple SCells and have at least one activated SCell then the interruption shall occur on PCell and all the activated SCell. In this case:

· The interruption on the PCell and/or on the activated SCell due to the SCell activation shall not occur after subframe n+TRRC_Process+Tinterrupt+7 if:

· the PCell and/or the activated SCell being interrupted and the SCell being activated belong to E-UTRA TDD, or

· the activated SCell being interrupted and the SCell being activated belong to E-UTRA FDD and the PCell belongs to E-UTRA TDD.

-
Otherwise, the interruption on PCell and/or on the activated SCell due to the SCell activation shall not occur after subframe n+TRRC_Process+Tinterrupt+5.
A CR to specify direct activation and hibernation requirements at RRC Configuration during HO is provided in [3].
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