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1. Introduction
RAN2 recently agreed to introduce a direct Scell activation as a part of rel.15 EuCA WI, where Scell is added and activated by one RRC reconfiguration message. RAN4 needs to define a proper activation delay and interruption requirement in such scenario.
In this paper, we discuss the necessary UE requirement for the direct Scell activation both in the non-mobility and the handover case.
2. Direct Scell Activation
2.1. Non-Mobility Scenario
In rel.15 direct Scell activation, RRC reconfiguration message for Scell addition also includes an IE to activate the Scell being added immediately, without any separate MAC CE for Scell activation. However, the addition of extra IE to indicate Scell activation has no reason to change the UE requirement for the RRC processing itself. Therefore, UE may start the Scell activation procedure only after the preceeding RRC procedure is completed, i.e., after sending the RRC reconfiguration complete message and receiving the corresponding ACK.
Observation 1. UE may start actual Scell activation only after the completion of the RRC procedure under the direct Scell activation. 
Proposal 1. UE requirement related to the RRC processing for Scell addition before the beginning of actual Scell activation remains the same under the direct Scell activation.
While the UE requirement during RRC procedure may remains the same, the lack of a separate MAC CE for Scell activation means that RAN4 needs to modify the definition of the legacy Scell activation delay which is defined with respect to the downlink subframe n where the MAC CE is received in the legacy requirement. Our view is 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.
Proposal 2. Scell activation delay in the direct Scell activation scenario is defined from the time UE receives ACK for PUSCH transmission containing RRCConnectionReconfigurationComplete until reporting the first valid CQI for the Scell being activated.
In definining the actual Scell activation delay, multiple factors should be taken into account. Suppose the PHICH containing ACK for PUSCH containing RRCConnectionReconfigurationComplete message is received at subframe n. Then, there could be some UE processing delay from the OTA reception of the PHICH symbol until the actual decoding of PHICH and the acknowledgement of the RRC message confirmed in the RRC level. While this particular processing delay was not explicitly discussed in RAN4 to our understanding, it is clearly less than 3 ms considering that a UE receiving PHICH with NACK for its previous PUSCH transmission at subframe n should be able to re-transmit at subframe n+4. 

Observation 2. PHICH processing delay from the OTA reception of PHICH containing ACK of the transmitted RRCConnectionReconfigurationComplete until UE finishes decoding PHICH and confirms the actual acknowledgement at the RRC layer should be taken into account in the SCell activation delay.
Proposal 3. To consider up to 3ms of PHICH processing delay in the Scell activation delay under the direct Scell activation.
The amount of interruption required during the Scell activation is not affected whether the activation is from MAC CE or RRC message. Therefore, the existing interruption requirement of up to 5ms for intra-band CA, and 1ms for inter-band CA should continue to apply. Note that the actual interruption for Scell activation should not happen before the confirmation of the ACK from PHICH since otherwise the RRC procedure could be affected. Therefore, considering the the PHICH processing delay of up to 3ms, the interruption window can be defined as [n+4, n+8] for FDD and [n+4, n+10] for TDD provided that the ACK for the PUSCH containing RRCConnectionReconfigurationComplete is received at subframe n.
Observation 3. Interruption length during Scell activation does not change regardless of whether the activation command is received via separate MAC CE or as a part of the RRC message.
Proposal 4. Define an interruption window of [n+4, n+8] for FDD, and [n+4, n+10] for TDD where the PHICH including ACK for RRCConnectionReconfigurationComplete message is received at subframe n.
The amount of time spent after the interruption window is for warming up the AGC and tracking loops until UE can report the first valid CQI for the Scell being activated. When a Scell is directly activated upon addition, UE does not have time to perform any deactivated search/measurement. Therefore, the required warm-up time should follow the case with the unknown Scell where the overall Scell activation delay in the legacy requirement is given by n+34. 
Observation 4. UE has no time to perform deactivated search/measurement for the Scell being added and activated at the same time.
Considering the 1ms offset in the interruption window between the legacy Scell activation flow and the one proposed in Proposal 3, the overall Scell activation delay under the direct Scell activation scenario can be given by n+33. 
Proposal 5. Scell activation delay requirement under the direct Scell activation scenario is given by n+33 where the PHICH including ACK for RRCConnectionReconfigurationComplete message is received at subframe n.

Figure 1 shows the overall proposed timeline for the direct Scell activation.
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Figure 1.  Direct Scell activation timeline with the proposed definition of Scell activation delay
2.2. Handover Scenario
RAN2 agreed that the direct Scell activation is also applicable to the E-UTRAN handover scenario. Even when UE receives the RRCConnectionReconfiguration message for handover that includes Scell addition and the direction activation, the actual Scell activation still cannot happen until the completion of the preceeding RRC procedure. In handover, the completion of the RRC procedure means that the UE transmits to the target cell the PUSCH containing the RRCConnectionReconfigurationComplete message, and successfully receives the PHICH from the target cell including the ACK for the PUSCH transmission. From the perspective of the direct Scell activation after the completion of the RRC procedure, it is irrelevant whether UE has been connected to the serving cell or recently connected to a new serving cell. Therefore, the activation delay and interruption requirement for Scell activation defined for the non-mobility scenario could continue to be used for the handover case.

Proposal 6. For the handover with the direct Scell activation, Scell activation delay requirement is given by n+33, provided that the PHICH including ACK for RRCConnectionReconfigurationComplete message transmitted to the target cell is received at subframe n.
Finally, since the Scell will be added and activated as a part of the handover message, the handover delay and interruption requriement during E-UTRAN handover needs to be revised accordingly. In particular, RRC processing delay that is counted toward the overall handover delay should be the sum of the RRC processing delay for mobility and Scell addition. Furthermore, the interruption time should take into account the additional interruption of up to 5ms incurred during Scell addition.
Proposal 7. Handover delay with the direct Scell activation is given by the sum of the RRC procedure delay and the interruption time as stated in clause 5.1.2 in TS36.133, where the RRC procedure delay is the sum of the RRC procedure delay required for mobility and Scell addition.
Proposal 8. Interruption time during handover increases by 5ms for Scell addition when Scell is added/activated during handover.
3. Conclusions

In this paper, we have discussed the necessary UE requirement for the direct Scell activation for both non-mobility case and the handover case. List of observations and proposals made in this paper is summarized as follows:

Observation 1. UE may start actual Scell activation only after the completion of the RRC procedure under the direct Scell activation. 

Proposal 1. UE requirement related to the RRC processing for Scell addition before the beginning of actual Scell activation remains the same under the direct Scell activation.
Proposal 2. Scell activation delay in the direct Scell activation scenario is defined from the time UE receives ACK for PUSCH transmission containing RRCConnectionReconfigurationComplete until reporting the first valid CQI for the Scell being activated.

Observation 2. There is a PHICH processing delay of no larger than 3ms from the OTA reception of PHICH containing ACK for the transmitted RRCConnectionReconfigurationComplete until UE finishes decoding PHICH and confirms the actual acknowledgement is received for the RRCConnectionReconfigurationComplete message.
Proposal 3. To consider up to 3ms of PHICH processing delay in the Scell activation delay under the direct Scell activation scenario.
Observation 3. Interruption length during Scell activation does not change regardless of whether the activation command is received via separate MAC CE or as a part of the RRC message.
Proposal 4. Define an interruption window of [n+4, n+8] for FDD, and [n+4, n+10] for TDD where the PHICH including ACK for RRCConnectionReconfigurationComplete message is received at subframe n.
Observation 4. UE has no time to perform deactivated search/measurement for the Scell being added and activated at the same time.
Proposal 5. Scell activation delay requirement under the direct Scell activation scenario is given by n+33 where the PHICH including ACK for RRCConnectionReconfigurationComplete message is received at subframe n.

Proposal 6. For the handover with the direct Scell activation, Scell activation delay requirement is given by n+33, provided that the PHICH including ACK for RRCConnectionReconfigurationComplete message transmitted to the target cell is received at subframe n.
Proposal 7. Handover delay with the direct Scell activation is given by the sum of the RRC procedure delay and the interruption time as stated in clause 5.1.2 in TS36.133, where the RRC procedure delay is the sum of the RRC procedure delay required for mobility and Scell addition.
Proposal 8. Interruption time during handover increases by 5ms for Scell addition when Scell is added/activated during handover.
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