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In this contribution, we discuss our views on carrier selection for LAA.
Discussion
There are two aspects of carrier selection. The first aspect is to support carrier selection from cell perspective, i.e., cell level carrier selection, and the second aspect is to support carrier selection from UE perspective, i.e., UE level carrier selection. The decision of both aspects of carrier selection should be done at eNB based on measurements by eNB and UE. However, the support and purpose of the two are different and hence the discussion needs to consider both aspects individually. It should be noted that only carrier selection in unlicensed spectrum is discussed in this contribution, as carrier selection in licensed spectrum depends on eNB implementation, capability, deployment choice and UE capability without enough motivation to be further enhanced with standardization efforts. 
Cell level carrier selection
Herein, we discuss the carrier selection from cell perspective. It can be further divided into two stages. 
The first stage of cell level carrier selection is during initial set up of a cell by an eNB. The basic principle 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 for efficient load balancing and interference management. This form of autonomous carrier selection by the eNB can be supported in LAA without any specification impact. The carrier selection process is separate and on a different time scale from the LBT/CCA procedure prior to transmissions on the carriers in unlicensed spectrum. Additionally, the RSSI measurement report from UE can be used to assist the selection at eNB. 
The second stage of cell level carrier selection is after initial set up. The motivation is that eNB may need to do carrier (re)selection due to static load and interference change on some carriers, i.e., a new Wi-Fi AP is set up and continuously accesses the carrier causing relatively static interference. Therefore, 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 carriers over a relatively longer time scale, as well as RRM measurement from UEs in the cell. Due to the characteristics in unlicensed spectrum, RRM measurements on LAA SCells can be enhanced to support better carrier selection. For example, it can be beneficial to enhance the RSSI measurement using occupancy metric indicating the percentage of the time when RSSI is above a certain threshold as proposed in [1]. It should be noted that cell level carrier selection should be a long-term (re)selection since the process can be rather costly due to the signalling overhead and communication interruptions for all UEs in a cell and it may also affect the neighbouring cells. Once a suitable set of carriers is identified, they are configured and activated as SCells for UEs. This process may be repeated periodically on a large time scale in order to keep reassessing the interference environment.
Observation:
· [bookmark: _GoBack]Autonomous carrier selection at an individual eNB can be supported for LAA without any specification impact.
· Cell-level carrier selection in unlicensed spectrum should be a relatively long-term (re)selection based on eNB sensing and RRM measurement report from UE.
· RRM measurement on LAA SCells can be enhanced to support better carrier selection. 
UE level carrier selection
Carrier selection or switching from UE perspective is to support carrier selection for a UE among the set of carriers that the eNB has selected at the cell level. 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 supports simultaneous reception and transmission. The UE will perform RRM measurements on the configured carriers and report them to the eNB. The eNB can then choose which of the carriers to activate and use for transmission when it has pending data for the UE. The number of carriers to activate can then also be chosen judiciously based on the data rate needed and the RRM measurements for the different carriers. The activation delay for a carrier before scheduling data on it can be up to 24 ms, assuming that the UE has performed RRM measurement on this carrier prior to receiving the activation command within DRX cycle. By operating the carrier selection based on activation and deactivation, the selection can also be done in the order of tens of ms. 
Observation:
· UE level carrier selection can be supported by using activation/deactivation mechanism defined for CA.
There have been discussions on fast/dynamic UE-level carrier selection as provided in [2][3], where the main motivation for fast carrier selection is to enable eNB to select the suitable carriers for transmission in short time scales such as one subframe to adapt to dynamic load/interference change across carriers. Before studying the solutions of fast/dynamic carrier selection, it is of importance to analyse the potential gain of fast/dynamic carrier selection. Furthermore, there may be interruption for other serving carriers when one activated CC is to be deactivated or one new carrier is to be activated. For instance, for active carriers located in the same band of the carriers to be activated or deactivated, the interruption of the active carriers can be 5 ms at most; the interruption is shorter if they are in different bands [4]. Essentially, the performance gain can depend on below aspects:
· The number of candidate carriers that can be selected;
· Interference difference on different candidate carriers;
· The time for an eNB to sense/measure/decide to switch channels;
· The time to perform carrier selection procedure;
· The interruption overhead for other carrier if any.  
These aspects should be considered together to study the solutions for fast/dynamic carrier selection. It can be premature to only consider one or some aspects when considering the carrier selection. 
Observation:
· Take into consideration of at least below aspects when studying fast/dynamic carrier selection:
· The number of candidate carriers that can be selected;
· Interference difference on different candidate carriers;
· The time for an eNB to sense/measure/decide to switch channels;
· The time to perform carrier selection procedure;
·  The interruption overhead for other carriers if any. 

One alternative to speed up the process of carrier selection would 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 requires RAN4 involvement. However, it seems to be a more viable option for further study. It was further shown in the Small Cell PHY SI that faster on/off processes of carriers is beneficial from a performance perspective. At the same time, a fast activation procedure would allow the eNB to schedule the UE as quickly as possible on its configured carriers. Another alternative for fast carrier selection is by configuring and activating all candidate carriers, and the carrier selection is done by eNB dynamic scheduling based on eNB sensing and UE measurement report. This option would enable subframe-level carrier selection with current CA framework. If the number of candidate carriers is large, it requires high UE capability and power consumption to be able to measure and monitor a large number of carriers. 
One other alternative is to configure the UE with more carriers than the UE’s capability of doing RRM measurements for all these carriers at once. The main additional aspects of this option comparing to current CA framework is that UE can be pre-configured with more carriers and hence an additional 15 ms to process RRC messages is not needed when any of the carriers is selected. Due to limited capability, UE has to perform RRM measurements during measurement gaps which causes measurement delay and communication interruptions. In addition, once eNB decides to switch the channels, the activation time of a carrier is 24 ms as defined in current spec and hence it would be difficult to achieve subframe-level carrier selection. Furthermore, the overhead due to the interruption increases proportionally to the frequency of carrier switch. Some enhancements on RRM measurements and synchronization have been proposed in [2], which requires extensive RAN4 involvement regarding the feasibility and performance assessment. 
Conclusion
In this contribution we discussed the carrier selection for LAA. The above discussion is summarized with the following observation and proposals:
Observation:
· Autonomous carrier selection at an individual eNB can be supported for LAA without any specification impact.
· Cell-level carrier selection in unlicensed spectrum should be a relatively long-term (re)selection based on eNB sensing and RRM measurement report from UE.
· RRM measurement on LAA SCells can be enhanced to support better carrier selection. 
· UE level carrier selection can be supported by using activation/deactivation mechanism defined for CA.
· Take into consideration of at least below aspects when studying fast/dynamic carrier selection:
· The number of candidate carriers that can be selected;
· Interference difference on different candidate carriers;
· The time for an eNB to sense/measure/decide to switch channels;
· The time to perform carrier selection procedure; 
· The interruption overhead for other carriers if any.
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