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1
Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] was approved in RAN #66, with “specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation” as one of the objectives.

It has been agreed that PUCCH SCell can be deactivated and SR is supported on PUCCH SCell [2]. In this paper we discuss potential enhancement on PUCCH SCell activation and SR on SCell.

2
Discussion
Two cases with SR configured on SCell:

1. More frequent SR on SCell (e.g. 5 ms) and less frequent SR on PCell (e.g. 80ms);
2. SR is only configured on SCell but not on PCell.
If SR cannot be sent on deactivated PUCCH SCell, the delay for UL data arrival when the SCell is deactivated would be longer than when it is activated. The delay is depending on frequency of SR on PCell for case 1 or the delay of RACH on PCell for case 2, instead of depending on shortest configured SR periodicity, as shown in Figure 1. The delay from UL data arrival until SCell be available could be around 100ms with 80ms SR periodicity on PCell.
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Figure 1: UL data arrival when SCell is deactivated

With shortest SR periodicity set according to the shortest delay requirement of all the bearers, when UL data arrives for delay sensitive bearer, it is better to send the SR as soon as possible, which means also on SCell even if it is deactivated if the SR occasion on SCell comes before PCell. For other bearers it is ok to wait for PCell to avoid “waking up” SCell unnecessary. 
Besides, if there is a large amount of UL data to be transmitted, it could be beneficial to pre-activate the SCell and send the SR on it to reduce the activation delay, esp. considering with data volume based activation strategy the eNB might anyway activate the SCell upon reception of BSR indicating large amount of data.
Figure 2 shows how PUCCH SCell pre-activation works. Note that actual activation of the SCell that requires the UE to start PDCCH monitoring, CSI transmission, etc. are still be done by MAC CE from the eNB. The pre-activation at UE side could also enable earlier transmission of valid CQI on the PUCCH SCell, e.g. be able to transmit at n+8ms after receiving the activation MAC CE at subframe n. Concerning UE power consumption, it would still be more power efficient than keeping the PUCCH SCell always activated.
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Figure 2 PUCCH SCell pre-activation 
To further reduce delay of full speed SCell availability, it could also be considered to have UE autonomous activation when the UL data volume is above threshold, with the threshold configured by eNB then it is still under eNB control. Then no activation MAC CE needed from the NW and the eNB knows the SCell is activated when it receives the SR and BSR above the threshold.
Proposal: allow PUCCH SCell pre-activation at the UE side to transmit SR for delay sensitive bearer or when the UL data volume is above threshold.
3
Conclusion
PUCCH SCell pre-activation is discussed in this contribution with the following proposal proposed:
Proposal: allow PUCCH SCell pre-activation at the UE side to transmit SR for delay sensitive bearer or when the UL data volume is above threshold.
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