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1 Introduction

In RAN2#89, there had been discussion on deployment scenario and higher layer issues for LAA. Even though, some solutions for DL operation were agreed, there are still many issues to solve for LAA.

According to the [1], DFS and carrier selection are identified as key functionalities for LAA. Both of them aim at achieving good co-existence with other unlicensed spectrum devices through selecting the carriers with low interference. However, in previous meeting, only a few contributions described basic guideline for these functionalities and details were not discussed. 

In this contribution, we present our view on DFS and carrier selection in LAA.  
2 Discussion
Carrier Selection and Dynamic frequency selection (DFS) are two important features for an LAA system. 

Carrier selection is an efficient mechanism for interference mitigation and load balancing across multiple carriers in LAA.  For multi-carriers scenarios, LAA eNB can use carrier selection mechanism to select one cleanest carrier for LAA services. The basic operation for carrier selection is to scan and sense channels for detecting radar or interference level measurement, and to configure carrier set for a LAA cell. In order to maintain optimal carrier set, continuous measurement for configured carrier(s) is required. Carrier switching means that serving carrier is changed to another one, which may be occurred by the case where traffic load and interference level on a carrier is higher than threshold. 
DFS is a regulatory requirement for some frequency bands, which aims to detect interference from radar systems and to avoid co-channel operation with these radar systems. DFS is similar to carrier selection in operation but the time requirement is not so strict as carrier selection. In other words, DFS is operated on a long time scale (e.g., on the order of minutes) while carrier selection is operated on a relatively short time scale. Therefore, channel selection mechanism can be basically reused for DFS. 

Observation 1: Channel selection mechanism can be reused for DFS.

Two types of carrier selections, such as semi-static carrier selection and dynamic carrier selection, could be considered for LAA. Semi-static carrier selection can be supported by long term measurement of eNB and carrier switching is occurred with large time scale (i.g. at least a hundred of milliseconds). Dynamic carrier selection can be supported when multiple LAA unlicensed cells are activated for the UE and if the eNB has the sufficient information and capability to select an unlicensed carrier for data transmission in one or several tens of milliseconds level[3].

Basically current CA mechanism can be used for carrier selection. In this mechanism, when a suitable carrier or a set of carriers are decided, the selected carrier(s) would be added as s Scell by RRC reconfiguration, followed by SCell activation. For performing these operations, RRC procedure usually takes a few ten milliseconds and a MAC signaling also takes similar delay. Considering time requirement for semi-static carrier selection, SCell activation could be used for carrier switching with large time scale. Therefore, semi-static carrier selection can be achieved by current CA mechanism and it can be used for avoiding co-channel operation with radar system.
Observation 2: Semi-static carrier selection can be used for DFS, which can be achieved by current CA mechanism.
As specified in the European regulations EN 301.893 [2], the maximum channel occupancy time (COT) is defined for Frame Based Equipment (FBE) and Load Based Equipment (LBE), which can be between 1ms and 13ms. In current SCell activation mechanism, the activation procedure takes a few tens of milliseconds. In addition, UE should continuously monitor (E)PDCCH for the cell in every subframe after receiving MAC control element for SCell activation. From above LBT requirement and SCell activation mechanism, following two issues should be taken into considerations. The first one is that LAA is not able to fully utilize reserved resource due to long transition time from deactivated state to activated state. The other one is that unnecessary (E)PDCCH monitoring may cause additional power consumption.  

Figure 1 shows an example for above problem. At Tn, eNB transmits SCell activation MAC CE to UE and the MAC CE may be received at Tn+k at UE. After receiving SCell activation MAC CE, the UE start to monitor (E)PDCCH of activated SCell considering preparation time for activation. After Tn+k, eNB could perform channel sensing during the CCA period for LBT and it could access the unlicensed channel for maximum COT only when the channel is not busy. After maximum COT, there may be a case where eNB is not able to access the channel again because the channel is occupied by other device (i.e period from Tn+a to Tn+b). In this case, unnecessary power consumption may be occurred on UE due to continuous (E)PDCCH monitoring for the SCell. Of course, SCell deactivation could be consider to avoid of unnecessary (E)PDCCH monitoring, it also takes similar transmission delay as SCell activation. From above reasons, we know that current CA mechanism could not support dynamic carrier selection, efficiently. 
Observation 3: Current CA mechanism is not sufficient to support dynamic carrier selection. 
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Figure 1. example of current CA operation in LAA

In order to support dynamic carrier selection, following options could be considered. 

· Alt.1: SCell configuration + SCell activation/deactivation + on/off indication
· Alt.2: SCell configuration + carrier indicator
In Alt.1, dynamic carrier selection is achieved by SCell configuration, SCell activation/deactivation, and on/off indication. The SCell configuration and SCell activation/deactivation is same as legacy RRC procedure and MAC signaling, respectively. In order to support fast carrier switching, an on/off indication, which was discussed for small cell in Rel-12, is transmitted from eNB to UE with PCell over licensed band, which includes cell state (i.e., on or off). By decoding of the on/off indication, UE could identify whether the subframe is scheduled or not. The carrier switching can be achieved by performing selective scheduling among multiple activated carriers based on eNB/UE measurement and traffic load. In this scheme, (E)PDCCH monitoring is only performed when the activated carrier(s) is on state. 
Alt.2 is similar to the Alt.1 except that LAA activation is not performed and carrier indicator is signaled via (E)PDCCH. The carrier indicator for Alt.2 is different from the CIF (Carrier Indication Field) in current CA framework. The carrier indicator is used for activation command for a carrier instead of legacy activation/deactivation MAC control element, which can cut down the activation delay by a few milliseconds. In this scheme, (E)PDCCH monitoring is only performed on the carrier where carrier indicator is designated, and carrier switching is achieved by carrier indicator.
Figure 2 illustrates an example of dynamic carrier selection. LAA eNB performs measurement for carrier selection of LAA SCell with long period of time and selects suitable carrier(s). Then eNB would perform SCell addition(i.e., cell#1 and cell#2) by configuring carrier(s) among these selected carriers to a UE. In Alt.1, eNB could perform SCell activation by activating cell(s) among configured cell(s)(i.e., cell# and cell#2) based on measurement report and eNB measurement. Then UE starts to monitor (E)PDCCH for carrier(s) indicated by on/off indication which is provided by eNB based on channel sensing. In Alt.2, carrier indicator is dynamically used to select optimal carrier(s) among configured SCells.
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Figure 2. example of dynamic carrier selection
If cross-carrier scheduling is supported for LAA, dynamic carrier selection can be achieved without above solutions. Since, in cross-carrier scheduling, scheduling information is always transmitted over PCell on licensed band, UE only has to monitor (E)PDCCH over PCell without any indication.

Observation 4: If only same-carrier scheduling is allowed, a new mechanism is required for fast carrier reselection. 
Observation 5: If cross-carrier scheduling is allowed, current CA mechanism can be utilized for dynamic carrier selection.
Proposal 1: A new signaling should be considered for dynamic carrier selection in LAA.
Proposal 2: Cross-carrier scheduling should be supported for LAA to provide dynamic carrier selection with minimal specification impact.
3 Conclusion
In this contribution, we discussed the carrier selection for LAA. Based on the discussion, we have following observations and proposals. 
Observation 1: Channel selection mechanism can be reused for DFS.

Observation 2: Semi-static carrier selection can be used for DFS, which can be achieved by current CA mechanism.

Observation 3: Current CA mechanism is not sufficient to support dynamic carrier selection. 

Observation 4: If only same-carrier scheduling is allowed, a new mechanism is required for fast carrier reselection. 

Observation 5: If cross-carrier scheduling is allowed, current CA mechanism can be utilized for dynamic carrier selection.

Proposal 1: A new signaling should be considered for dynamic carrier selection in LAA.

Proposal 2: Cross-carrier scheduling should be supported for LAA to provide dynamic carrier selection with minimal specification impact.
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