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1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1] to study the LTE system on unlicensed band as a complement to LTE system on licensed band. As a requirement, fair coexistence between LTE and other technologies such as WiFi as well as between LTE operators is seen as necessary.
In RAN1 #78bis meeting, the following functionalities were identified,

Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
All above functions are beneficial for efficient operation and coexistence, either per carrier or cross multiple carriers. Dynamic frequency selection for radar avoidance works on a rather long time scale in unit of minutes, which mainly related to high layer procedure, hence is not in the scope of this contribution. In this contribution, we focus on carrier selection. In section 2, the signaling/procedure for carrier selection is provided. Then, in section 3, we discuss interference measurement to support carrier selection.
2 Carrier Selection Mechanisms
In the unlicensed band of 5GHz, there can be a large number of channels/carriers available for selection by a LAA cell to operate on. Carrier selection is important to minimize 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. 
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 carrier(s) that can be used by the LAA cell to serve the UE as there is no certainty that the LAA cell has access to the carrier after the SCell is activated. The SCell activated may not transmit any signals (DTX) if it doesn’t have access to the carrier. Thus, additional dynamic signalling can be beneficial to inform the UE when DTX occurs for an activated SCell. When a SCell is indicated not in DTX, the UE should monitor for possible PDCCH/EPDCCH/PDSCH from the SCell. When multiple SCells are activated simultaneously for a UE, such dynamic signalling to down select carriers that are not in DTX can be seen as a form of dynamic carrier selection.
Dynamic carrier selection can help to adapt to dynamic load/interference change across carriers and provides carrier diversity, which can be beneficial when available carriers are moderately or highly loaded. Dynamic carrier selection can be performed for each channel access opportunity. One possible way to support dynamic carrier selection is through dynamic cross-carrier scheduling from PCell. However, if the PCell is a macro cell with many LAA small cells within its coverage as SCells, this can cause control channel capacity problem. Hence, a solution that does not rely on cross-carrier scheduling is desired. Furthermore, since the maximum channel occupancy time can be in the worst case only 4ms long, it may not be possible to perform HARQ retransmission on the same carrier as the initial TB within a limited time. Flushing HARQ buffer every time access to a carrier is lost can result in significant throughput loss. On the other hand, suspending a HARQ process while waiting to regain access to a carrier can result in prolonged latency. To alleviate the impact of prolonged latency or throughput loss, it may be beneficial to consider dynamic carrier selection for HARQ retransmission, e.g. continue the incomplete HARQ processes on PCell or another LAA cell. 

Proposal 1: SCell addition and activation procedure can be used to semi-statically select potential set of carriers that can serve a UE. 
Proposal 2: Additional dynamic signalling can be beneficial to inform the UE which activated SCell(s) is(are) not in DTX, as a form of dynamic carrier selection.

Proposal 3: Due to the potentially short maximum channel occupancy time (4ms), it may be beneficial to consider dynamic carrier selection for HARQ retransmission, e.g. continue the incomplete HARQ processes on PCell or another LAA cell. 
3 Measurement for Carrier Selection
Carrier selection should be performed considering the presence of existing LAA systems and/or other systems. In a lightly loaded case, some of the carriers may already be used by other systems such as WiFi or LAA systems of other operators, while other carriers can still be unused. It is preferable to identify such clear carriers to be occupied by a newly added LAA cell. In a highly loaded case, it is possible all carriers have been occupied by LAA systems and/or WiFi systems, a new LAA cell should select carrier(s) with the least traffic, for better performance and also to minimize impact to existing systems. In both cases, it is required to identify the frequency position and strength of an interfering signal, i.e. interference measurements on the candidate carriers are required. 
Normally, a LAA BS will take the responsibility to select and reselect a carrier, so interference measurements by BS are necessary. However, 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.  

In legacy LTE system, RSRP, RSSI and RSRQ are specified and only RSRP and RSRQ can be reported to eNB by a UE. RSSI can serve as a metric on interference measurement and it is possible to infer RSSI from RSRP and RSRQ reports. However, if LAA measurement signal is not transmitted on a carrier, RSRP and RSRQ reports would not be available for the carrier. For LAA, it should be further studied whether potential interference measurement enhancements such as extending the existing measurement procedure to include UE RSSI reports may be beneficial. 
Proposal 4: It should be further studied whether potential interference measurement enhancements may be beneficial.
According to WiFi specification, channel center frequencies are defined at every integral multiple of 5 MHz above 5 GHz. The relationship between center frequency and channel number is given by the following equation, 
Channel center frequency = 5000 + 5nch (MHz), where, nch = 0,1,…200.
As a result, a LAA system may need to detect potential WiFi transmissions in adjacent carriers with 5MHz spaced centre frequencies. 
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Figure 1: WiFi channel bandwidths

As shown in Figure 1, for a 5MHz subband in the center part of an carrier, all frequencies in the subband will be used for WiFi transmission; while, it is at the edge of an carrier, only partial frequencies in the subband actually serves WiFi transmission. Consequently, different 5MHz subband may have different interference levels even when belonging to the same carrier. Further, different WiFi APs may happen to use the nearby centre channel frequencies, i.e. the used carriers may be partial overlapped. As shown in Figure 1, the carrier of AP 3 is partially overlapped with AP 1 and AP 2. The potential partial overlapping of carriers  can result in much different interference levels of each 5MHz subband. Another reason for fluctuation of the interference level is for the scalable bandwidth operation, the interference may come from a WiFi/LAA node configured with 5/10/15/20MHz bandwidth. Hence, the LAA measurements may need to consider the unpredictable distribution of interference signals from other systems, so as to identify the most proper carrier for its usage.

So far, the legacy LTE system supports the measurement on at least the centre 6 PRBs. A measurement on centre 6 PRBs cannot reflect the interference properties for a carrier, even for a 5MHz subband. Assuming full bandwidth measurement is used, all three measurements on measurement bandwidth A/B/C may have high values, as shown in Figure 1. Then, it is hard for a LAA device to identify the exact center frequencies of interference signals. Further, the measurement on measurement bandwidth D also results in a certain interference level, though the right half of the measurement bandwidth D actually corresponds to unused frequencies. A LAA device may falsely assume all frequencies of measurement bandwidth D are occupied. Therefore, a study on how to correct measure the interference levels in frequency domain is needed. 
Proposal 5: Measurement based on a single measurement bandwidth for a carrier (e.g. centre 6 PRBs or full bandwidth) may not fully reflect the interference properties of a carrier, so a study on interference measurement in frequency domain may be beneficial.
4 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 proposals,

Proposal 1: SCell addition and activation procedure can be used to semi-statically select potential set of carriers that can serve a UE. 

Proposal 2: Additional dynamic signalling can be beneficial to inform the UE which activated SCell(s) is(are) not in DTX, as a form of dynamic carrier selection.

Proposal 3: Due to the potentially short maximum channel occupancy time (4ms), it may be beneficial to consider dynamic carrier selection for HARQ retransmission, e.g. continue the incomplete HARQ processes on PCell or another LAA cell. 
Proposal 4: it should be further studied whether potential interference measurement enhancements may be beneficial.

Proposal 5: Measurement based on a single measurement bandwidth for a carrier (e.g. centre 6 PRBs or full bandwidth) may not fully reflect the interference properties of a carrier, so a study on interference measurement in frequency domain may be beneficial.
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