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The new Study Item on Licensed-Assisted Access (LAA) which was approved at RAN#65, includes the following objectives relevant to RAN1 [1]:
1)	Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where a low-power Scell operates in unlicensed spectrum and is either DL-only or contains UL and DL (using time-division multiplex between UL and DL), and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]
2)	Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]
3)	Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
In this contribution, we discuss a number of deployment scenarios for LAA.
Deployment scenarios for LAA
In general, LAA can be used in various deployment scenarios considering different setups regarding:
· With and without macro coverage
· Outdoor and indoor
· Ideal and non-ideal backhaul
· Sparse and dense
· Synchronized and unsynchronized
· Spectrum (licensed band carrier frequencies for the small cells)
· Small cell transmission powers for the licensed band carriers
· LTE heterogeneous solutions and parameters
· …
Taking all aspects into account, a number of scenarios could be deployed for LAA. As an example, the following LAA deployment scenarios are of interest to operators.

Example 1: 
Indoor small cells without macro coverage (like SCE scenario 3): each small cell with licensed carrier in band F1 and unlicensed carrier in band F2. 
The definition of this scenario is provided below.
· Macro cell coverage is not present
· Indoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1 operating LTE, and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The small cells may or may not have ideal backhaul connecting them
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Figure 1: LAA deployment scenario example 1

Example 2: 
Indoor small cells in macro cell coverage with non-ideal backhaul: macro with licensed carrier in band F1, each small cell with licensed carrier in band F1 and unlicensed carrier in band F2.
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed in the presence of an overlaid macro network for each operator 
· Indoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1 operating LTE, and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The small cells may or may not have ideal backhaul connecting them
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Figure 2: LAA deployment scenario example 2

Example 3: 
Indoor small cells in macro cell coverage with non-ideal backhaul (extension of SCE scenario 2b): macro with licensed carrier in band F1, each small cell with licensed carrier in band F1’ and unlicensed carrier in band F2 (where F1’ is another licensed carrier frequency band).
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed in the presence of an overlaid macro network for each operator 
· Separate frequency deployment of the macro cell and small cells, i.e., macro cell operates on licensed carrier in band F1, and small cells operate on licensed carrier in band F1’ and unlicensed carrier in band F2
· Indoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1’ operating LTE, and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The small cells may or may not have ideal backhaul connecting them
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Figure 3: LAA deployment scenario example 3

Example 4: 
Outdoor small cells in macro cell coverage with ideal backhaul: macro with licensed carrier in band F1, each small cell with unlicensed carrier in band F2.
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed as RRHs in the presence of an overlaid macro network for each operator
· Separate frequency deployment of the macro cell and small cells, i.e., macro cell operates on licensed carrier in band F1 and small cells operate on unlicensed carrier in band F2
· Outdoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has unlicensed carrier in band F2 operating Wi-Fi or LAA
· Ideal backhaul is considered for interfaces between the macro eNB and small cells
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Figure 4: LAA deployment scenario example 4

Example 5: 
Outdoor small cells in macro cell coverage with ideal backhaul: macro with licensed carrier in band F1, each small cell with licensed carrier in band F1 and unlicensed carrier in band F2.
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed as RRHs in the presence of an overlaid macro network for each operator
· Outdoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1 operating LTE, and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The licensed band carrier at the small cells can be transmitted at a diverse range of power levels
· Ideal backhaul is considered for interfaces between the macro eNB and small cells
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Figure 5: LAA deployment scenario example 5

Example 6: 
Outdoor small cells in macro cell coverage with non-ideal backhaul: macro with licensed carrier in band F1, each small cell with licensed carrier in band F1 and unlicensed carrier in band F2.
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed in the presence of an overlaid macro network for each operator
· Outdoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1 operating LTE and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The licensed band carrier at the small cells can be transmitted at a diverse range of power levels
· The small cells may or may not have ideal backhaul connecting them
· Non-ideal backhaul is considered for interfaces between the macro eNB and small cells
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Figure 6 LAA deployment scenario example 6

Example 7: 
Outdoor small cells in macro cells with non-ideal backhaul (extension of SCE scenario 2a): macro with licensed carrier in band F1, each small cell with licensed carrier in band F1’ and unlicensed carrier in band F2 (where F1’ is another licensed carrier frequency).
Note that the backhaul between macro and small cells is only relevant when LAA is used in small cells.
The definition of this scenario is provided below.
· The small cells are deployed in the presence of an overlaid macro network for each operator
· Separate frequency deployment of the macro cell and small cells, i.e., macro cell operates on licensed carrier in band F1, and small cells operate on licensed carrier in band F1’ and unlicensed carrier in band F2
· Outdoor small cell deployment
· For small cell cluster
· Small cells deployed by 2 operators 
· Each small cell has licensed carrier in band F1’ operating LTE and unlicensed carrier in band F2 operating Wi-Fi or LAA
· The licensed band carrier at the small cells can be transmitted at a diverse range of power levels
· The small cells may or may not have ideal backhaul connecting them
· Non-ideal backhaul is considered for interfaces between the macro eNB and small cells
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Figure 7 LAA deployment scenario example 7

Conclusions
In this contribution, it has been identified that LAA can be applied in a large array of network topologies, backhaul options, spectrum availability and licensed band transmission powers. A diverse set of beneficial deployment scenario examples for operators using LAA have been discussed and defined. This discussion indicates LAA can be a versatile and important tool for operators’ network planning to meet ever increasing user data demands.
It is noted that, to facilitate the study and evaluation of coexistence solutions in Rel-13 LAA SI, a limited number of representative scenarios focusing on coexistence evaluations should be selected from the range of applicable deployment scenarios. We provide further discussion in a companion paper [2]. 
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