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1 Introduction
In the last RAN4 meeting the approved way forward on RRM requirements for enhanced CA utilization [1] contains the following agreements and the open issues, which RAN4 needs to address: 
· Direct SCell activation
· Reference point n after RRC reconfiguration message is received.
· Interrupts requirements at direct SCell Activation:
· Follows interrupt requirements at PSCell addition procedure
· Follows immediately after RRC processing procedure
· Follows both interruption requirements allowed for Scell addition and Scell activation
· Other options not precluded
· Activation delay for known cell:
· n + TRRC_Process + X1
· n + X2
· TRRC_Process is 20ms which is the maximum RRC processing delay as defined in TS36.331
· X1/X2 is the Scell activation time until UE reports the first valid CQI
· RRC reconfiguration message is received at n
· Activation delay for unknown cell is 10ms longer than that of known cell
· FFS: UE capability on the number of Scells that can be directly activated in one RRC message
One main open issue is the reference point ‘n’ in time wrt which the direct SCell activation delay requirements need to be specified. Another issue is the interruption time window. These aspects have been discussed also in the last meeting in various contributions [2-6]. In this contribution we analyse these open issues related to the direct SCell activation.
2 Analysis of requirements
2.1 Direct SCell activation requirements
The direct SCell activation at RRC reconfiguration message consists of the following two main scenarios or procedures supported by RAN2 and also discussed in our previous contribution [2]:

· Direction SCell activation without handover and

· Direction SCell activation during handover

The SCell activation delay and interruption time are both analysed for the above two scenarios in the following sections while taking into account RAN4 agreements [1].
2.1.1 Direct SCell activation without handover

2.1.1.1 Direct SCell activation delay without handover
In case of direction SCell activation without handover, the PCell is the same before and after the direction SCell activation. In this case the UE shall be able to start the SCell activation procedure immediately after processing the RRC reconfiguration message. 

In [3] it was proposed that “the SCell activation delay in the direct SCell activation should be defined with respect to the downlink subframe where the ACK for PUSCH containing RRCConnectionReconfigurationComplete since the reception of the PUSCH ACK completes the preceeding RRC procedure.”.

However our main concern is that there is no well define time when the RRCConnectionReconfigurationComplete is transmitted by the UE and it also depends on the availability of the UL grant. Furthermore, the UE should delay the start of the SCell activation procedure while waiting for sending the RRCConnectionReconfigurationComplete. 
Therefore in our opinion the SCell activation can be initiated after the UE has processed the RRC reconfiguration message requiring direct SCell activation. However the UE does not need to process MAC command or send ACK for MAC command. It is however important to define the subframes during which the interruption can occur (as discussed in the next section). We therefore support the following option in the WF to define the SCell activation delay with X1 = 20 ms and 30 ms when the SCell is known and unknown respectively:
n + TRRC_Process + X1
More specifically the requirements for the direct SCell activation without handover can be defined as follows:

· If the SCell is known then the total time to perform direction SCell activation from shall be TRRC_Process + 20 subframes starting from the moment the UE receives the RRC reconfiguration message. 
· If the SCell is unknown then the total time to perform direction SCell activation from shall be TRRC_Process + 30 subframes starting from the moment the UE receives the RRC reconfiguration message.
Proposal # 1: Upon receiving RRC reconfiguration message (to reconfigure and activate an SCell) in subframe n the UE shall be able to perform direct SCell activation of an unknown SCell in subframe n + TRRC_Process + 30, where TRRC_Process is the number of subframes to process the RRC reconfiguration message.

Proposal # 2: Upon receiving RRC reconfiguration message (to reconfigure and activate an SCell) in subframe n the UE shall be able to perform direct SCell activation of a known SCell in subframe n + TRRC_Process + 20, where TRRC_Process is the number of subframes to process the RRC reconfiguration message.

2.1.1.2 Interruption during direct SCell activation without handover
The interruption time should be the same as in legacy SCell activation requirements defined in section 7.7 of TS 36.133. However as noted in the WF that the interruption window can start either anytime during the RRC reconfiguration procedure or after the UE has processed the RRC reconfiguration message. In order to allow more flexibility we support the idea of allowing the interruption anytime during the RRC reconfiguration procedure. However the maximum length of the window during which the interruption should be allowed needs to be still limited i.e. not beyond 4 subframes after RRC procedure if PCell is FDD or 6 subframes after RRC procedure if PCell is TDD. The proposal is as follows:
Proposal # 3: Interruption during direct SCell activation without handover 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+4 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+6 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+6 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+ 4.
2.1.2 Direct SCell activation during handover

2.1.2.1 Direct SCell activation delay during handover

In case of handover the UE should start SCell activation preferably after receiving grant from the old PCell (in case of RACH-less HO with grant provided by old PCell) or from the new PCell (in normal handover or in RACH-less handover without grant from old PCell). Otherwise the handover procedure may be further interrupted or delayed. 

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). 

As also proposed in our previous paper in [2] in the remaining cases of handover the handover delay will not be deterministic. Furthermore the overall delay to activate the SCell can become quite long. Therefore we don’t see any benefit of defining requirements for direct activation at HO for normal HO or when the UE does not have the valid TA command.

Proposal # 4: The requirements for direction SCell activation delay during handover are defined only for RACH-less handover when the UL grant is provided by the old PCell in the RRC reconfiguration message.
Proposal # 5: Upon receiving RRC reconfiguration message (to activate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation of a known SCell in subframe n + TRRC_Process + Tinterrupt +20, where TRRC_Process is the number of subframes to process the RRC reconfiguration message and Tinterrupt is the interruption time for RACH-less handover when UL grant is provided in the RRC reconfiguration message as defined in section 5.1.2.1.2.2 of TS 36.133.

Proposal # 6: Upon receiving RRC reconfiguration message (to activate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation of an unknown SCell in subframe n + TRRC_Process + Tinterrupt +30, where TRRC_Process is the number of subframes to process the RRC reconfiguration message and Tinterrupt is the interruption time for RACH-less handover when UL grant is provided in the RRC reconfiguration message as defined in section 5.1.2.1.2.2 of TS 36.133.
2.1.2.2 Interruption during direct SCell at handover

The interruption time when direction activation is done during handover should also be the same as in legacy SCell activation requirements defined in section 7.7 of TS 36.133. 
As discussed for direction activation without handover, in order to allow more flexibility the interruption can be allowed anytime during the RRC reconfiguration procedure. However in this case as well the maximum length of the window during which the interruption is allowed should still be limited i.e. not beyond 4 subframes after RRC procedure if PCell is FDD or 6 subframes after RRC procedure if PCell is TDD. The proposal is as follows:

Proposal # 7: Interruption during direct SCell activation at RACH-less handover with UL grant from old 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+4 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+ Tinterrupt+6 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+6 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+4.
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: Upon receiving RRC reconfiguration message (to reconfigure and activate an SCell) in subframe n the UE shall be able to perform direct SCell activation of an unknown SCell in subframe n + TRRC_Process + 30, where TRRC_Process is the number of subframes to process the RRC reconfiguration message.

Proposal # 2: Upon receiving RRC reconfiguration message (to reconfigure and activate an SCell) in subframe n the UE shall be able to perform direct SCell activation of a known SCell in subframe n + TRRC_Process + 20, where TRRC_Process is the number of subframes to process the RRC reconfiguration message.

Proposal # 3: Interruption during direct SCell activation without handover 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+4 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+6 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+6 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+4.
Proposal # 4: The requirements for direction SCell activation delay during handover are defined only for RACH-less handover when the UL grant is provided by the old PCell in the RRC reconfiguration message.

Proposal # 5: Upon receiving RRC reconfiguration message (to activate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation of a known SCell in subframe n + TRRC_Process + Tinterrupt +20, where TRRC_Process is the number of subframes to process the RRC reconfiguration message and Tinterrupt is the interruption time for RACH-less handover when UL grant is provided in the RRC reconfiguration message as defined in section 5.1.2.1.2.2 of TS 36.133.

Proposal # 6: Upon receiving RRC reconfiguration message (to activate an SCell at HO) in subframe n the UE shall be able to perform direct SCell activation of an unknown SCell in subframe n + TRRC_Process + Tinterrupt +30, where TRRC_Process is the number of subframes to process the RRC reconfiguration message and Tinterrupt is the interruption time for RACH-less handover when UL grant is provided in the RRC reconfiguration message as defined in section 5.1.2.1.2.2 of TS 36.133.

Proposal # 7: Interruption during direct SCell activation at RACH-less handover with UL grant from old 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+4 when PCell belongs to E-UTRA FDD.

· The PCell interruption shall not occur after subframe n+TRRC_Process+ Tinterrupt+6 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+6 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+4.
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