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1 Introduction

In RAN1#78-bis, following items have been agreed for LAA [1].

· 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
Among above items, carrier selection in unlicensed bands is expected to provide throughput performance enhancement with efficient resource utilization, and simulation results verified the improved performance [2]. To utilize carrier selection, RRM measurement on candidate carriers should be supported while following consensus has been made during RAN1#79 [3].

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
In this contribution, we discuss considerations on DRS transmission to support carrier selection for LAA.
2 Discussion on DRS transmission for carrier selection
An example of semi-static carrier selection is shown in Figure 1. Among four carrier components in unlicensed bands, according to the RRM measurement results, LAA selects one carrier component, e.g. CC1 in the example. Using the selected carrier, data transmission would be performed with LBT procedure during the carrier selection period. After the carrier selection period, RRM measurement for CC1 ~ CC4 should be performed to select a carrier component to be used for the next period. 
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Figure 1 – Semi-static carrier selection example
In the example, RRM measurement on CC1 could be made during data transmission period using CRS. However, RRM measurements on CC2 ~ CC4 also should be performed while it requires inter-frequency RRM measurements. Existing 3GPP specification provides RRM measurements of inter-frequency cells as follows [5]. 

· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search = (60 * Nlayers) seconds, and Nlayers is the total number of configured higher priority E-UTRA, UTRA FDD, UTRA TDD, CDMA2000 1x and HRPD carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority.

However in current specification, the period of RRM measurement for inter-frequency is too long to have benefit of carrier selection in LAA due to dynamic radio environment of unlicensed bands. Furthermore, UE measurement capability defined in current specification is limited as below [5].
UE which support Increased UE carrier monitoring E-UTRA shall be capable of monitoring at least 

· Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

· Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers

Considering limitations of current specification described above, solutions for RRM measurements on non-selected carriers are required, and DRS transmissions on non-selected carriers could be a possible solution. According to [4], DRS transmission could occur at deactivated cell, we may consider the selected carriers, e.g. CC1 in Figure 1, as activated cells and the non-selected carriers, CC2 ~ CC4 in the example, as deactivated cells. 
Moreover, in current specification, DRS transmission scheduling was not an issue because DRS transmission on each carrier component could be carried out independently. However, if we assume eNB’s or UE’s limited capability of supporting multiple carriers in unlicensed bands, e.g. one available RF chain with four candidate component carriers to transmit DRS, an efficient scheduling of DRS transmission across multiple carrier components may be required in unlicensed bands.

Figure 2 describes a dynamic carrier selection example. Unlike the example described in Figure 1, it selects a group of carrier components based on RRM measurements. For example, CC1~CC3 are selected for candidate carriers for dynamic carrier selection. Based on the availability of each CC, LAA dynamically utilizes carrier components during the carrier group selection period. After the period, carrier group would be changed based on the RRM measurement results. 
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Figure 2 – Dynamic carrier selection example
In the example described in Figure 2, RRM measurements on CC1 and CC2 could be carried out by utilizing CRS included in data transmission. However, since no data transmission has been occurred in CC3, a method to measure RRM is required. In addition to CC3, RRM measurement on CC4 is also needed to reconfigure candidate carrier group for the next period based on the RRM measurement of each CC. For CC1 ~ CC3, data transmission could be occur immediately according to the LBT result, we may consider those cells as activated cell. In that case, DRS transmission on CC3 would not be occurred, thus RRM measurement on CC3 would not be possible. Therefore, discussions on DRS transmission for non-utilized carrier components in dynamic carrier selection should be made. 
Observation1: Carrier selection requires inter-frequency RRM measurement while current specification has a problem on measurement period.
Proposal1: DRS transmission on non-selected carrier and non-utilized carrier should be discussed for RRM measurement to support carrier selection.
3 Conclusion
In this contribution, we described problems to support carrier selection in LAA and provide following proposal based on related observation. 
Observation1: Carrier selection requires inter-frequency RRM measurement while current specification has a problem on measurement period.
Proposal1: DRS transmission on non-selected carrier and non-utilized carrier should be discussed for RRM measurement to support carrier selection.
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