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1 Introduction

To deploy LTE cells on unlicensed band, carrier selection was identified as a function to meet regulatory requirement in RAN1#78bis meeting. That is, there can be a large number of channels/carriers available for LAA operations in the unlicensed band of 5GHz; hence, it is important to decide on the most proper carrier(s) by carrier selection. As results, it minimizes the mutual LAA-WiFi interference and ensure near-uniform loading across available carriers. 

A LAA cell can perform measurement or request for measurement reports from UEs on the available carriers and select a carrier or a set of carriers that are free or more lightly loaded on average for operation based on measurement results. Carrier reselection can be performed when the current operating carriers have become overloaded or if there are other carriers that are less loaded. 
2 Measurements for carrier selection
Since there are plentiful of channel bandwidths available in unlicensed band, a first issue for LTE operation is for the eNB to select one or multiple suitable carrier to work on. That is, it is carrier selection at eNB on a cell level. Carrier selection should be performed considering the presence of existing LAA systems and/or other systems, e.g. WiFi. In a lightly loaded case, some of the carriers may already be used by other systems or LAA systems of other operators, while other carriers can still be unused. It is preferable to identify such clear carriers for the use of a newly added LAA cell. In a highly loaded case, it is possible all carriers have been occupied by LAA systems and/or other systems, a new LAA cell should select carrier(s) with the least traffic, for better performance and to minimize impact to existing systems. 
Normally, a LAA BS will take the responsibility to select and reselect a carrier, so interference measurements by BS are necessary. One candidate is RSSI measurement. However, it is just a single average value on the level of interference, which may not be enough to reflect the operational status of a carrier. In general, identification on the load or congestion level of a carrier is beneficial. Therefore, it may be beneficial to collect the statistics of RSSI measurement during an observation period. Further, since a BS can only measure the interference characteristics at its own location, and its measurement may not correctly reflect the interference conditions at UE side. Hence, it might be useful for a UE to report its own interference measurements by RSSI report or other variations.  

At UE side, for the purpose to assist eNB decision on carrier selection, RSSI measurement and report could be considered. As stated above, it also questionable if a single value of RSSI is enough for the operation. Some extensions based on RSSI measurement could be considered.   

Further, due to the discontinuous transmission of an unlicensed carrier, if a measurement happens at the time when no device really occupies the channel, it may underestimate the load condition or in other words the congestion level of a carrier, vice versa. Hence, an interference measurement should avoid the resource that is sure to be idle or is sure to have channel occupation. 

Proposal 1: For the enhancements on interference measurement, RSSI measurement/report and other extensions based on RSSI could be considered .
On 5GHz unlicensed band, most countries just regulate WiFi system on a grid of 20MHz bandwidth.  However, still some other countries specify smaller grid, e.g. 10MHz. That is, it is possible that the bandwidths of neighbor WiFi APs are partially overlap by 10MHz. As to LAA, so far it is agreed to support at least 20MHz system BW option in the 5GHz band and system bandwidths < 5 MHz are not considered. Based on above analysis, the bandwidth of different WiFi and LAA devices may potentially partially overlap, so that the interference level is not constant in a grid of 20MHz. Accordingly, LAA measurements needs to consider the interference distribution so as to identify the most proper carrier for its usage.

The legacy LTE system supports the measurement on the centre 6 PRBs, however, such a measurement cannot reflect the interference properties for a carrier with a large bandwidth. On the other hand, a full bandwidth measurement may also be misleading. For example, if centre of measured bandwidth is shifted by 10MHz from the centre of a 20MHz device, still a certain level of interference can be observed by full bandwidth measurement. Therefore, a study on how to correct measure the interference levels in frequency domain is needed. 
Observation 1: Study on interference measurement in frequency domain may be beneficial, especially considering the the cases with mis-match between LAA bandwidth and other RAT’s bandwidth.
3 Long/short time scale carrier selection
Once a suitable carrier or a set of suitable carriers is determined, carrier selected can be added as a SCell by RRC, followed by SCell activation. Alternatively, multiple SCells can be configured and carrier selection/reselection can be performed via selection of SCell for activation/deactivation. 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. In either case, carrier selection/reselection latency is in the order of 10s of ms (e.g. 15ms RRC configuration latency and/or 24ms SCell activation latency).  Due to the relatively long latency, such semi-static carrier selection mechanisms can only inform the UE the potential set of carrier(s) that can be used to serve the UE. 
The network can configure and activate multiple carriers for the UE in order to facilitate dynamic carrier selection, which can help adaptation to dynamic load/interference change across carriers. However, monitoring a large number of carriers for the UE can be expensive in terms of power consumption. Dynamic signalling from another serving cell can be beneficial to inform the UE the carrier (among the set of activated SCells) that the network has chosen for scheduling of a transport block and is attempting to gain access to the channel to transmit. The UE should then perform DL transmission detection or monitor for possible PDCCH/EPDCCH/PDSCH on the indicated SCell. 
Observation 2: Due to the relatively long latency, SCell addition and activation procedure can only inform the UE the potential set of carrier(s) that can be used to serve the UE. 
Observation 3 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 a large number of carriers for the UE can be expensive in terms of power consumption.
Proposal 2: Dynamic signalling from another serving cell can be beneficial to inform the UE the carrier (among the set of activated SCells) that the network has chosen for scheduling of a transport block and is attempting to gain access to the channel to transmit. The UE then performs DL transmission detection or monitors for possible PDCCH/EPDCCH/PDSCH on the indicated SCell.  

4 HARQ-level carrier selection
In legacy CA system, both initial transmission and corresponding HARQ retransmission must happen on the same component carrier. The most important reason is that the component carrier is also available for transmission except for the error conditions. On the other hand, it also reduces the impacts to the MAC layer. 
However, a LAA cell must contend for channel occupation based CCA/ECCA mechanism, so the cell may not access the channel for a long time if there are many devices contending on the carrier. Further, the maximum channel occupancy time can be in the worst case only 4ms long. Consequently, HARQ retransmission is normally impossible in the same LAA burst as its initial transmission, and it may have to wait for a long time to perform HARQ retransmission on the same carrier as the initial TB. 
In a LS from RAN2 [2], it is suggested that “Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact).” However, such simplification may result in DL performance degradation from PHY point of view. For example, flushing HARQ buffer every time access to a carrier is lost can result in significant throughput loss, hence is not desirable. On the other hand, suspending a HARQ process and waiting to regain access to a carrier can result in prolonged latency. In response to the LS [2], RAN1 had some discussions, and then a reply LS is prepared and ask RAN2 to clarify the complexity for moving HARQ process to another carrier and possible performance analysis. 

Therefore, it may be beneficial to consider continuation of an incomplete HARQ retransmission on another carrier. Performance evaluation is needed to verify the gain. If justified, the potential carrier considered for retransmission could be Pcell, a licensed cell or another LAA cell with channel access, to alleviate the impact of prolonged latency or throughput loss. 

Proposal 3: If performance gain is justified, RAN1 can consider supporting continuation of incomplete HARQ processes of LAA cell on PCell, a licensed cell or another LAA cell with channel access. 
5 Conclusions
In this contribution, we discuss the carrier selection method to find the proper carrier(s) from the large number of carriers in 5GHz unlicensed band. We make the following observations and proposals,

Observation 1: Study on interference measurement in frequency domain may be beneficial, especially considering the the cases with mis-match between LAA bandwidth and other RAT’s bandwidth.
Observation 2: Due to the relatively long latency, SCell addition and activation procedure can only inform the UE the potential set of carrier(s) that can be used to serve the UE. 

Observation 3: 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 a large number of carriers for the UE can be expensive in terms of power consumption.

Proposal 1: For the enhancements on interference measurement, RSSI measurement/report and other extensions based on RSSI could be considered .
Proposal 2: Dynamic signalling from another serving cell can be beneficial to inform the UE the carrier (among the set of activated SCells) that the network has chosen for scheduling of a transport block and is attempting to gain access to the channel to transmit. The UE then performs DL transmission detection or monitors for possible PDCCH/EPDCCH/PDSCH on the indicated SCell.  

Proposal 3: If performance gain is justified, RAN1 can consider supporting continuation of incomplete HARQ processes of LAA cell on PCell, a licensed cell or another LAA cell with channel access. 
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