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1. Introduction
RAN4 discussed the direct Scell activation in the last RAN4 #86 meeting and agreed to further investigate the following open issues [1].
· Direct SCell activation
· Which point defines the beginning of the SCell activation
· Activation delay length
· Interruptions
In this paper, we discuss the above open issues in the direct Scell activation.
2. Discussion
2.1. Definition of Scell activation delay
As discussed in [2], in our view, RRC message for the direction Scell activation is just a RRC reconfiguration message to add the Scell with additional IEs to indicate UE should activate the Scell immediately once added, which replaces the needs for a separate MAC CE to activate the configured Scell. From the RRC processing perspective, RAN2 also does not introduce any new RRC processing delay, and the delay requirement to complete the RRC processing is still bounded by 20ms. Therefore, RAN4 should not assume UE can additionally process the actual Scell activation in parallel with the Scell addition within the same RRC processing budget. From the protocol perspective, it is also not desirable to begin the Scell activation before the completion of the Scell addition to avoid undefined race conditions such as UE internally completed activating the Scell, changed the PUCCH format, and trying to send CQI for the Scell being activated while the RRC message exchange to add Scell has not been completed between eNB and UE. 
Once UE finishes the RRC processing for SCell addition, it sends the RRC reconfiguration completion message to the network and receives the ACK from PHICH for the RRC reconfiguration completion message transmitted. From UE perspective, the reception of such ACK can be considered as the true completion of the RRC processing for Scell addition after which eNB and UE can be considered fully in-sync regarding the Scell status. To this end, our view is that the reception of the ACK for RRC reconfiguration completion message should define the beginning of the Scell activation. Similar to the legacy Scell activation flow, Scell can be considered activated once the UE sends out the first valid CQI for the Scell being activated. Figure 1 shows the overall timeline for the direct Scell activation with the proposed definition of the Scell activation delay.
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Figure 1. Direction Scell activation timeline: (a) known cell, (b) unknown cell
Observation 1. Existing RRC processing delay of 20ms is not revised for direct Scell activation. Such RRC processing delay does not take into account additional processing that UE may require for actual Scell activation including PUCCH format change.
Observation 2. Beginning Scell activation before the completion of the RRC procedure to add an Scell may create undesirable ambiguity between eNB and UE on the status of the Scell.
Proposal 1. UE should be not assumed to do parallel processing of RRC message for Scell addition and the actual Scell activation.
Proposal 2. Successful reception of ACK for RRC connection reconfiguration complete message defines the beginning of the Scell activation in the direct Scell activation.
2.2. Scell Activation Delay

Other than the fact that Scell activation starts with the reception of ACK in PHICH instead of MAC CE in PDSCH, overall Scell activation delay in the direct Scell activation does not have much reason to change from the legacy requirement. One difference is that it takes up to 4ms for processing MAC CE in the legacy Scell activation while it may take less amount of the time for processing PHICH. 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. Therefore, accounting 1ms reduction from PHICH processing, the overall Scell activation delay could be defined as 23ms for the known cell, i.e., when 
-
During the period equal to 5 DRX cycles before the reception of the RRC reconfiguration message for Scell addition with direct SCell activation command:
-
the UE has sent a valid measurement report for the SCell being activated and

-
the SCell being activated remains detectable according to the cell identification conditions specified in section 8.3.3.2 in TS36.133,

-
SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2 in TS36.133.

Otherwise, the Scell activation delay can be defined as 33ms.

Proposal 3. In the direct Scell activation, Scell is activated by n+23 for the known cell, and n+33 for the unknown cell, where the ACK for the RRC connection reconfiguration complete is received at subframe n
2.3. Interruption

Given that the direction Scell activation is merely a concatenation of the Scell addition followed by the Scell activation, interruption allowed in each instance in the legacy requirement should continue to be allowed. More specifically, from the reception of the RRC reconfiguration message with Scell direct activation until the reception of the ACK for the RRC reconfiguration complete message, which is considered the RRC reconfiguration procedure, up to 5ms of UE interruption should be allowed. Once the Scell activation starts, the interruption of up to 5ms for intra-band CA and 1ms for inter-band CA should be allowed. The interruption window during the Scell activation can be defined as [n+4, n+8] for FDD and [n+4, n+10] for TDD where the PHICH including ACK for RRC connection reconfiguration message is received at subframe n.
Proposal 4. Up to 5ms of serving cell interruption should be allowed during the RRC reconfiguration procedure in the direct Scell activation.

Proposal 5. Serving cell(s) interruption of 1ms and 5ms should be allowed for inter-band and intra-band CA, respectively, during the Scell activation in the direct Scell activation.
2.4. UE capability

UE complexity for the direct Scell activation generally increases as more number of Scells are to be directly activated at the same time. Therefore, it is reasonable to define a UE capability to specify the maximum number of Scell that UE can directly activate in a single RRC connection reconfiguration message. Furthermore, it is also expected that the direct activation of the Scell with both downlink and uplink would be more complicated than the Scells with downlink only without uplink CA support. Therefore, UE may indicate a separate capability for the direction Scell activation with and without Scell uplink. For instance, a UE that supports the direct Scell activation feature should be able to directly activate X (≥1) Scells without uplink, or Y (≥1) Scells with uplink, where X and Y is indicated as UE capability signaling.
Observation 3. UE complexity to directly activate Scell varies depending on the number of Scells are directly activated and depending on whether activating only downlink or both uplink/downlink of Scells.
Proposal 6. UE capability is defined to specify the maximum number of Scells that UE can directly activate in one RRC message.

Proposal 7. Maximum number of Scell that UE can directly activate in one RRC message can be defined separately for the Scells with and without uplink.
3. Conclusions

In this paper, we discussed the open issues in the direct Scell activation including the definition of the Scell activation delay, the activation delay and interruption requirement and the UE capability. List of proposals made in this paper is summarized as follows:
Observation 1. Existing RRC processing delay of 20ms is not revised for direct Scell activation. Such RRC processing delay does not take into account additional processing that UE may require for actual Scell activation including PUCCH format change.

Observation 2. Beginning Scell activation before the completion of the RRC procedure to add an Scell may create undesirable ambiguity between eNB and UE on the status of the Scell.

Proposal 1. UE should be not assumed to do parallel processing of RRC message for Scell addition and the actual Scell activation.
Proposal 2. Successful reception of ACK for RRC connection reconfiguration complete message defines the beginning of the Scell activation in the direct Scell activation.

Proposal 3. In the direct Scell activation, Scell is activated by n+23 for the known cell, and n+33 for the unknown cell, where the ACK for the RRC connection reconfiguration complete is received at subframe n
Proposal 4. Up to 5ms of serving cell interruption should be allowed during the RRC reconfiguration procedure in the direct Scell activation.

Proposal 5. Serving cell interruption of 1ms and 5ms should be allowed for inter-band and intra-band CA, respectively, during the Scell activation in the direct Scell activation.

Observation 3. UE complexity to directly activate Scell varies depending on the number of Scells are directly activated and depending on whether activating only downlink or both uplink/downlink of Scells.
Proposal 6. UE capability is defined to specify the maximum number of Scells that UE can directly activate in one RRC message.

Proposal 7. Maximum number of Scell that UE can directly activate in one RRC message can be defined separately for the Scells with and without uplink.
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