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1 Introduction

In RAN#65, Study on Licensed-Assisted Access using LTE (FS_LAA_LTE) is approved with objectives described in RP-141664[1] as a complementary tool to augment the service offering in unlicensed spectrum, including the possible scenarios:

In addition, in RAN1#78-bis, at least the following as identified functionalities, required to meet regulatory requirements in some regions/bands for an LAA system, were agreed[10]: 

· 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
In order to achieve the functionalities described above, we will discuss on the possible LAA using LTE operation on the top of one or more low power SCells (i.e., small cell operation) in unlicensed carrier to be studied in RAN1, where the start point is the agreement[7]

 REF _Ref276902285 \n \h 
[8]

 REF _Ref276902287 \n \h 
[9]

 REF _Ref276900625 \n \h 
[10][11], related to small cell on/off and discovery operation. 

2 Discussion on the SCE operation in unlicensed carrier
2.1 Overview of SCE operation related to LAA
SCE [6][11] has been developing with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells using DRS-based intra-/inter-frequency measurement. Especially, when a small cell refers to a component carrier when more than one CC is available, carrier selection using DRS-based inter-frequency measurement may help to enhance coordinated network decision making. 

Observation1: DRS-based measurement based on the small cell operation in unlicensed carrier is also applicable to the unlicensed carrier selection, where DRS is transmitted unlicensed carrier by the LAA LTE (i.e., small cell).

Figure 1 shows an example of DRS structure, where DRS occasion duration is assumed to be 5msec and PSS/SSS and CRS are only transmitted in the DRS occasion duration (CSI-RS is not showing in the example). DRS is transmitted during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period). 
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Figure 1 – DRS structure (DRS occasion duration is 5msec in FDD but CSI-RS is not showing)
According to the agreement in RAN1#78-bis[5]

 REF _Ref276900625 \n \h 
[10], LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum, where the number of licensed carriers and the number of unlicensed carriers can be one or more.

In addition, in order to be a good neighbour in unlicensed spectrum, regulatory requirement affecting RAN1 is studying in RAN1, which is observed/proposed in [2]

 REF _Ref276915193 \n \h 
[3]

 REF _Ref276915195 \n \h 
[4] that CCA is necessary before data transmission in unlicensed carrier. As an agreement in [10], Listen Before Talk (Clear channel assessment; CCA) is promised as one of possible solutions. In other words, CCA is necessary before data transmission (e.g., DRS) in unlicensed carrier. 
Observation2: When DRS is transmitted in unlicensed carrier, 

· LAA-LTE small cell shall transmit DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period) periodically
· LAA-LTE small cell shall perform CCA before transmission DRS, including DL data to UE
Proposal1:  CCA before the periodic data transmission shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

2.2 Overview of data transmission in unlicensed carrier
According to the characteristic of channel access with the LBE and FBE[2]

 REF _Ref276926900 \r \h 
[6], LAA-LTE small cell shall perform CCA aperiodically and periodically, respectively. However, CCA based on both LBE and FBE shall be studied which is better (or proper) approach for the global single solution framework, meeting the regulatory requirements. Figure 2 shows example of data transmission using channel access with FBE (left) and LBE (right). 
In the case of FBE, because CCA is performed in the periodic idle period during the Fixed Frame Period, it may be more applicable to the case of periodic transmission than that of aperiodic transmission. However, it may be hard to access in the case of fixed frame period is not aligned among LAA-LTEs, as well as WiFi. Especially, in the case of inter-operator scenarios (e.g., LAA-LTE1 is assumed to be operated by operator 1 and LAA-LTE2 is assumed to be operated by operator 2), when LAA-LTE small cell of two operators share the same channel and CCA time of operator 2 overlaps with Channel Occupancy Time of operator 1, this may result in unfairness of channel access for the LAA-LTE of operator 2 when both the LAA-LTEs of two operators simultaneously contend for the channel.
In the case of LBE, because CCA is performed any time to transmit data, it may be more applicable to the case of aperiodic transmission than that of periodic transmission, and fair access the channel intra-/inter-operator LAA-LTE, as well as WiFi. However, contiguous CCA is required to transmit any data until the channel is determined as “idle.”
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Figure 2 – Data transmission with CCA (left: channel access with FBE, right: channel access with LBE), where intra-/inter-operator LAA-LTE is showing because WiFi and LAA-LTE coexistence is similar to LBE 
Observation3: For the fair data transmission based on the FBE CCA in unlicensed carrier, fixed frame period alignment among LAA-LTE small cells in the case of intra-/inter-operator coexistence scenarios.

2.3 Periodic data transmission (i.e., DRS) in unlicensed carrier
In order to transmit DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period) periodically, the LAA-LTE small cell performs CCA before transmitting DRS. Although DRS is transmitted periodically, the DMTC period (i.e., 40, 80, 160msec) is relatively longer than the fixed frame period identified channel access based on FBE. In addition, because the alignment of fixed frame period among LAA-LTE small cells is not guaranteed, we focus on the periodic DRS transmission using channel access with LBE. 

Figure 3 shows an example of DRS transmission using CCA identified channel access with LBE, where LAA-LTE1 and LAA-LTE2 are assumed to be operated by the same operator but LAA-LTE3 is assumed to be operated by different operator. Because the transmission of DRS occasions of LAA-LTE1 and LAA-LTE2 overlaps each other, LAA-LTE3 does not transmit the DRS in this example.
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Figure 3 – DRS transmission using channel access with LBE

Because LAA-LTE3 does not transmit the DRS as shown the Figure 3, a possible solution is shown in Figure 4, using fair channel access with LBE, where the channel access is performed as follows:
Step 1: - If the channel is determined as “Occupy (or busy)” based on the CCA during TCCA+Text-CCA,

  >> LAA-LTE small cell starts the CCA Tk (=Tk-1+Tl) earlier than before, where if k=1, Tk = 0 (k >= 1) and Tl is a specific time (e.g., in the unit of transmission of special signal and the value is FFS) and {Tk+DRS duration} < {Maximum channel occupancy time} defined in regulatory requirements
  >> Go to step 1

- Otherwise if the channel is determined as “Idle” based on the CCA, go the step 2.

Step 2: LAA-LTE small cell transmits DRS with the following operation:


  >> LAA-LTE transmits special signal (e.g., blocking signal) during Tk, which is transmitted in the time after CCA before the DRS transmission (until the DMTC offset)


  >> LAA-LTE transmits the DRS right after special signal transmission (i.e., DMTC offset in the DMTC period)
Step 3: LAA-LTE small cell resets the time of Tk (i.e., set k to 1) to the right before the DMTC offset
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Figure 4 – Possible solution of DRS transmission using fair channel access with LBE
Observation4: Without fixed frame period alignment among LAA-LTE small cells in the case of intra-/inter-operator coexistence scenarios, LBE CCA may be considered. In the case of periodic data transmission at the overlapping time, LBE CCA shall be studied how to provide fair channel access. 

Proposal2:  How to provide the fair channel access in unlicensed carrier to transmit data transmission shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

2.4 Unlicensed Carrier selection based on DRS measurement

A UE can perform DRS measurement once configured by network without knowing the cell on/off state. If DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, the UE performs CRS-based DRS measurement for the PCell and the activated SCell. In addition, DRS may be transmitted from the multiple unlicensed carriers on SCells and unlicensed carrier may be selected based on the inter-frequency DRS measurement as identified in 2.1. In order to perform inter-frequency DRS measurement, DRS (DRS occasion) with CCA shall be guaranteed to transmit in the DMTC offset in the DMTC period.
Observation5: In order to select unlicensed carrier in multi-carrier operation, 

· Inter-frequency DRS measurement may be performed

· DRS occasion (DRS transmission) with CCA may be guaranteed 

Proposal3:  Inter-frequency DRS measurement to provide unlicensed carrier selection shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
2.5 DRS and normal data transmission in unlicensed carrier

When the LAA-LTE small cell is on state, DRS occasion may overlap with normal data transmission. Figure 5 shows the normal data transmission and DRS transmission along with CCA. If channel occupy time exceeds the maximum channel occupancy time defined in regulatory requirement, additional CCA is necessary for another data transmission. If the additional CCA for the DRS transmission overlaps with the previous channel occupy time as shown in Figure 5 (a), DRS is not transmitted because of no CCA. However, shortening the channel occupy time of the right before the DRS as shown in the Figure 5 (b) or the overlapping channel occupy time which includes the DRS occasion duration as shown in the Figure 5 (c) can achieve the DRS transmission. 
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Figure 5 – DRS transmission with channel occupy time; (a) channel occupy time overlaps with the CCA time of DRS transmission, (b) channel occupy time does not overlap with the CCA time of DRS transmission, (c) channel occupy time includes the DRS transmission (DRS occasion)
Observation6: In order to transmit DRS in unlicensed carrier, 

· Channel occupy time of data transmission right before the DRS transmission shall be terminated before the CCA time of DRS transmission

· If data transmission coincides DRS transmission, channel occupy time including data transmission and DRS occasion shall not exceed the maximum channel occupancy time 

Proposal4:  DRS and normal data transmission simultaneously using CCA in unlicensed carrier shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
3 Conclusion
In this contribution, we discussed about required functionalities and possible solution of LAA-LTE small cell operation offering the service in unlicensed spectrum. As a general design principal, we propose: 

Observation1: DRS-based measurement based on the small cell operation in unlicensed carrier is also applicable to the unlicensed carrier selection, where DRS is transmitted unlicensed carrier by the LAA LTE (i.e., small cell).

Observation2: When DRS is transmitted in unlicensed carrier, 

· LAA-LTE small cell shall transmit DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period) periodically

· LAA-LTE small cell shall perform CCA before transmission DRS, including DL data to UE
Proposal1:  CCA before the periodic data transmission shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

Observation3: For the fair data transmission based on the FBE CCA in unlicensed carrier, fixed frame period alignment among LAA-LTE small cells in the case of intra-/inter-operator coexistence scenarios.

Observation4: Without fixed frame period alignment among LAA-LTE small cells in the case of intra-/inter-operator coexistence scenarios, LBE CCA may be considered. In the case of periodic data transmission at the overlapping time, LBE CCA shall be studied how to provide fair channel access. 

Proposal2:  How to provide the fair channel access in unlicensed carrier to transmit data transmission shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

Observation5: In order to select unlicensed carrier in multi-carrier operation, 

· Inter-frequency DRS measurement may be performed

· DRS occasion (DRS transmission) with CCA may be guaranteed 

Proposal3:  Inter-frequency DRS measurement to provide unlicensed carrier selection shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
Observation6: In order to transmit DRS in unlicensed carrier, 

· Channel occupy time of data transmission right before the DRS transmission shall be terminated before the CCA time of DRS transmission

· If data transmission coincides DRS transmission, channel occupy time including data transmission and DRS occasion shall not exceed the maximum channel occupancy time 

Proposal4:  DRS and normal data transmission simultaneously using CCA in unlicensed carrier shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
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Focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]


Note: Dual Connectivity is not included in this SI. A standalone access to unlicensed spectrum is not part of the study.
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