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A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. One objective of the WI is to support carrier aggregation up to 32 carriers, where LAA is the main use case with large number of carriers in unlicensed spectrum. In this contribution, we discuss our view on carrier selection for CA enhancements for up to 32 carriers.
Discussion
For carrier aggregation enhancements supporting up to 32 carriers, there has been some discussions on carrier selection at RAN1#80 meeting. There are two aspects of carrier selection. The first aspect is to support carrier selection for eNBs and the second aspect is to support carrier selection for UEs. The support and purpose of the two are different and hence the discussion needs to consider both aspects individually.
We start here to discuss support of carrier selection for eNBs. It is important here to make a difference further on if the eNB is operating on carriers in licensed or unlicensed spectrum. We assume that if the eNB is operating carriers in the licensed spectrum it is an operator choice to select which carriers to operate on which is an eNB implementation choice and deployment choice. It is a different issue however if the eNB is operating carriers in the unlicensed spectrum that is further analysed here considering LAA. 
In LAA, the basic principle behind carrier selection is for the eNB to scan and sense channels for interference or radar detection, and configure the SCells accordingly based on the outcome of its carrier selection algorithm. The carrier selection process is separate and most likely on a different time scale from the LBT/CCA procedure prior to transmissions on the carriers in unlicensed spectrum. Autonomous, semi-static carrier selection can be based on the eNB sensing of the averaged interference level, potential presence of radar signals if required, and traffic load on the candidate carriers over a relatively longer time scale. Once a suitable set of carriers is identified, they are configured and activated as SCells for UEs. This process may be repeated periodically over tens or hundreds of milliseconds in order to keep reassessing the interference environment, and the associated measurements do not need any new specifications. Once a set of carriers is activated after the carrier selection process, transmissions can be performed dynamically on one or more of them based on LBT and scheduling decision. Therefore, semi-static carrier selection on unlicensed carrier at an individual eNB is perceived as an implementation issue which has no impact on the specification.
Observation:
· Current CA framework on licensed carriers with semi-static carrier selection on unlicensed carriers can be supported without any specification impact.
The second aspect is how to support carrier selection for the UE among the set of carriers that the eNB has selected. Similarly, it is also important here to make a difference if the set of carriers are in licensed or unlicensed spectrum. For the carriers in licensed spectrum, it is up to eNB implementation and UE capability of bandwidth combination following current CA procedure. For the carriers in unlicensed spectrum, we have further analysis below. 
Studying first the current CA procedure, we find that carrier selection for the UE in unlicensed spectrum can be achieved by configuring a set of the carriers on which the UE support simultaneous reception and transmission. The UE will perform RRM measurements on the configured carriers and report them to the eNB. The eNB can then make choice when it has data to schedule to the UE which of the carriers to activate and use for the data transmission. The number of carriers to activate can then also be chosen wisely based on the amount of data rate needed and the link quality reported for the different carriers. By operating the carrier selection based on activation and deactivation, the selection can also be done fast time wise. The time for activating a carrier before scheduling is up to 24 ms assuming that the UE has performed RRM measurement on this carrier prior to receiving the activation command within DRX cycle. From this perspective, the fast carrier selection can be supported with current CA procedure by using activation/deactivation mechanism.
To make the carrier selection faster, we study a few different alternatives. One alternative is the ability to configure the UE with more carriers than the UE’s capability of doing RRM measurements for all these carriers at once. The procedure for such an operational case would then be that the eNB first configure the UE to perform RRM measurements on that frequency within measurement gaps, since the UE cannot conduct measurement on that frequency and receive data on another frequency. The time to acquire an accurate RRM measurement for that frequency will then be in the order of hundreds of ms, which may not be usable in the end since the measurement may be outdated when actual transmission will be done. The complexity and performance assessment should be done in RAN4. One way to speed up this process is to specify a quicker RRM measurements procedure which also needs extensive RAN4 involvement. Another alternative would instead be to specify a fast activation procedure for the carrier, i.e. shorter than the currently defined 24 ms. This is similar to the RRM measurement procedure and does require RAN4 involvement, but does however seem to be a more viable option and something that maybe further proceeded with. It was further shown in the Small Cell PHY SI that faster on/off processes of carriers is beneficial from a performance perspective. Consequently there is an interest to be able to turn on and off cells following the UEs data burst. At the same time a fast activation procedure would allow the eNB as quickly as possible to schedule the UE on its configured carriers. Therefore it could be of interest to study the feasibility to decrease the cell activation time.
Observation:
· Fast carrier selection is supported by using activation/deactivation mechanism defined for CA
· Making the carrier selection procedure faster requires extensive RAN4 involvement
Proposal:
· Study further if it is feasible to decrease time required for the UE to apply an CA activation command
Conclusion
In this contribution we discussed the carrier selection for CA enhancement. The above discussion is summarized with the following observation and proposals:
Observation:
· Current CA framework on licensed carriers with semi-static carrier selection on unlicensed carriers can be supported without any specification impact.
· Fast carrier selection is supported by using activation/deactivation mechanism defined for CA.
· Making the carrier selection procedure faster requires extensive RAN4 involvement.
Proposal: 
· Study further if it is feasible to decrease time required for the UE to apply an CA activation command
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