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1 Introduction

One of the objectives specified for the Rel-13 LAA WI is UE support for carrier selection [1]. Carrier selection is essential for ensuring the UE is connected with the best (or available) carrier according to a certain metric (e.g. according to RRM measurements), as well as to enable efficient load shifting/balancing and interference management across carriers by the network. In this contribution, our views on carrier selection procedure for LAA and the potential enhancements are presented.
2 Carrier selection procedure for LAA 
A starting point for LAA carrier selection procedure can be as follows. The eNodeB can configure the UE to measure and report RRM measurements (including RSSI [5]) on a set of unlicensed carrier frequencies. Once a suitable carrier or a set of suitable carriers is determined, carrier selected can be added as a SCell by RRC (with up to 15ms configuration latency), followed by SCell activation (with up to 24ms latency as per RAN4 requirement). If a SCell is deactivated, the UE may assume that no signal is transmitted by the LAA cell (with the possible exception of discovery signal) as in Rel-12 SCE. If a SCell is activated, the UE is required to monitor PDCCH/EPDCCH and perform CSI measurement/reporting for the activated SCell according to the Rel-10-12 procedure. However, unlike the previous release, the UE may not assume every subframe of activated LAA SCell will contain transmission. 
For LAA carriers, channel access depends on the LBT procedure outcome. If the carrier(s) to schedule the UE on can be dynamically changed based on the likelihood of successful LBT procedure on each carrier (e.g. based on the state of the backoff counter or interference/energy measurement at the eNB), the channel access opportunity for the UE can be maximized. This will significantly increase the UPT for the UE and the overall system throughput. Significant UPT gain has been observed e.g. in [4]. The gain also increases with the number of operating carriers (up to 31 LAA carriers with Rel-13 eCA). To facilitate such operation, the network can configure and activate a large number of carriers for the UE. The scheduler can then dynamically select carrier(s) for DL assignment or UL grant transmission. However, this poses several problems:

1) Monitoring PDCCH/EPDCCH and measuring CSI for a large number of activated carriers (e.g.>5) are expensive in terms of UE power consumption. 

2) Monitoring a large number of activated carriers for PDCCH/EPDCCH increases false alarm probability. If UL grant is falsely detected, uplink interference is generated which is detrimental to LAA system performance.
3) Dynamic carrier selection based on the procedure of previous release can only be applied to advanced UE capable of large number of carrier aggregations. For UEs only capable of 2CA or 3CA (in baseband processing), which can be the majority population of UEs at least in the near future, carrier selection can only be performed in a semi-static manner (RRC+MAC CE activation/deactivation), which greatly reduces potential LAA UPT and system throughput.  
Based on the above reasons, it is beneficial to support dynamic carrier selection over large set of carriers (up to 31) while not requiring the UE to monitor PDCCH/EPDCCH and measure CSI on a large number of carriers (e.g.>5). 
Proposal 1: LAA should support dynamic carrier selection over large set of carriers (up to 31) while not requiring the UE to monitor PDCCH/EPDCCH and measure CSI on a large number of carriers (e.g.>5). 

In our view, existing control signalling for carrier selection should be enhanced to achieve dynamic carrier selection. In particular, the control signalling latency should be minimized (e.g. < 2 ms) so that the eNodeB can respond quickly to the change in interference profiles of carriers. There are two control signalling candidates: 

A) Reuse SCell MAC CE activation/deactivation signalling with significant latency reduction
· Current SCell activation latency mainly consists of the MAC CE decoding latency (up to 6ms) and SCell activation preparation time (RF preparation, up to 18ms). It can be further studied if the latency can be significantly reduced.
· SCell MAC activation/deactivation signalling is UE-specific, hence signalling overhead can be a concern especially if the cell used for transmitting the signal is a macro PCell.
B)  Introduce new L1 signalling (e.g. using PDCCH/EPDCCH from the PCell or another serving cell) of the set of carriers that the UE should monitor for PDCCH/EPDCCH and/or measuring/reporting CSI.
· Control signalling latency is < 2ms (e.g. one 1ms EPDCCH transmission plus 0.5ms decoding).
· The DCI format should be of small size for transmission reliability and overhead reduction.

· To reduce control signalling overhead, the signalling should be a UE-common signalling.
In either case, it should possible to transmit the control signalling before the eNB has gained access to the carrier. This is because transmitting the control signalling after the eNB has gained access to the carrier would incur large overhead of the reservation signal (proportional to the control signalling latency), which is a serious issue when the maximum transmission burst is only 4ms. Nevertheless, it can still be up to the network to transmit the control signalling before or after the channel is occupied; however UE should detect that the burst is from the serving cell (e.g. by confirming PCID). Therefore, the function of the control signalling is to indicate that the UE should perform DL transmission burst detection of the serving cell, and if a DL burst of the serving cell is detected, monitor for possible PDCCH/EPDCCH and measuring the CSI on the indicated SCell. In our view, both alternative A and B should be further studied.
Proposal 2: The following alternatives should be further studied to support dynamic carrier selection:
A) Reuse SCell MAC CE activation/deactivation signalling with significant latency reduction

B)    Introduce new L1 signalling (e.g. using PDCCH/EPDCCH from the PCell or another serving cell) of the set of carriers that the UE should monitor for PDCCH/EPDCCH and/or measuring/reporting CSI.

3 Conclusions
In this contribution, we presented our views on the LAA carrier selection procedure. Our proposals are summarized below.
Observation 1: If the carrier(s) to schedule the UE on can be dynamically changed according to the LBT procedure on each carrier, the channel access opportunity for the UE can be maximized, which will significantly increase the UPT for the UE and the overall system throughput.

Observation 2: The network can configure and activate multiple LAA carriers for the UE in order to facilitate dynamic carrier selection to adapt to dynamic load/interference change across carriers. However, monitoring PDCCH/EPDCCH and measuring CSI for a large number of activated carriers are expensive in terms of power consumption. 

Observation 3: Dynamic carrier selection based on the procedure of previous release can only be applied to advanced UE capable of large number of carrier aggregations. For UEs only capable of 2CA or 3CA, which can be the majority population of UEs at least in the near future, carrier selection can only be performed in a semi-static manner (RRC+MAC CE activation/deactivation), which greatly reduces potential LAA UPT and system throughput.
Proposal 1: LAA should support dynamic carrier selection over large set of carriers (up to 31) while not requiring the UE to monitor PDCCH/EPDCCH and measure CSI on a large number of carriers (e.g.>5). 

Proposal 2: The following alternatives should be further studied to support dynamic carrier selection:

A) Reuse SCell MAC CE activation/deactivation signalling with significant latency reduction

B)    Introduce new L1 signalling (e.g. using PDCCH/EPDCCH from the PCell or another serving cell) of the set of carriers that the UE should monitor for PDCCH/EPDCCH and/or measuring/reporting CSI.
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