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1 Introduction
Operators are currently facing an exponential growth of data traffic in their mobile networks [4]. So, in order to meet the demands of this remarkable growth, more and more spectrum is required to be utilized in mobile networks. At present, there is a lot of unlicensed spectrum that are available globally which can handle some of these demands that operators are facing. Therefore, it is necessary that unlicensed spectrum to be exploited in the LTE mobile networks. The advantages of LTE exploiting in the unlicensed spectrum can be summarized as follows:
· Unified LTE network of licensed and unlicensed spectrum for operators
· Improved spectral efficiency or the use of the most efficient wireless access technique for unlicensed spectrum
· Better throughput performance, better user experience and better coverage 

· Higher traffic offloading to meet the demand of remarkable traffic growth
· Increased LTE availability and capability
Based on the above motivation, an SI has been approved to study the feasibility of LTE utilizing the unlicensed spectrum. The first part of the objectives of the SI is as follows [1]:
This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. Dual Connectivity is not included in this SI. A standalone access to unlicensed spectrum is not part of the study*. The detailed objectives are as follows:

1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e. 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]

In this contribution, we discuss deployment scenarios of LTE licensed-assisted access (LAA) to unlicensed spectrum and show our views at the end. In addition, in our accompanying contribution [7], we describe the evaluation methodology for LTE licensed-assisted access (LAA).
2 Deployment Scenarios 
For deployment scenarios of LAA, there has been a strong interest to study on both indoor and outdoor environments [2]. In response to this interest, we think that the following considerations should be taken into account when identifying the deployment scenarios: 
· LAA cell would likely to be a small cell due to regulation of the required output power
· LTE PCell for LAA cell could be macro cell (outdoor) or small cell with outdoor or indoor. In this case, carrier aggregation scenarios could be used to aggregate licensed and unlicensed spectrum. 
· LAA cell could be indoor or outdoor. In this case, small cell scenarios 2a and 2b from small cell enhancement study [6] could be taken as a baseline assuming an ideal backhaul.  
· LAA cell could be SCell of SeNB in dual connectivity with assistance from pSCell of licensed carrier, expecting without additional standardization effort as intra-eNB CA is supported by each eNB in dual connectivity.
By taking the above general considerations into account for identifying the deployment scenarios and also recognising that the SI only considers CA scenario to study in Rel-13, we focus CA deployment scenarios in this section.
CA Scenarios: the base line should be CA scenarios described in Annex J [5]. Specifically, we think that Scenarios 2 and 4 should be prioritised in the study. As shown on Figure 1 (Left), Scenario 2 in which there are at least two different frequencies, F1 is a normal LTE cell and F2 is an LAA cell and these frequencies are co-located and overlaid, but F2 has smaller coverage due to larger path loss and possibly reduced transmission power. In Scenario 4, as shown on Figure 1 (Right), F1 is normal LTE which provides macro coverage and F2 is LAA with Remote Radio Heads (RRHs) that are used to improve throughput at hot spots. In our view, this Scenario 4 is similar to small cell scenarios 2a and 2b with ideal backhaul where RRHs are just small cells.  
In both Scenarios 2 and 4, the primary cell (Pcell) should always use a licensed carrier which manages initial access of the UEs as well as their mobility. It is assumed here that idle mode UE cannot initially camp to LAA cell, and the primary cell (Pcell) should assist UE to find the LAA cell. In other words, LAA cell can never be a Pcell, it just behaves like an extension carrier to boost the data rate. However, for the LAA Scell, there seems three options to study in the context of CA scenarios:
Option 1: Supplemental DL based on FDD frame structure in LAA. This option has a very relevant commercial use case as the typical traffic has an asymmetric nature currently between downlink and uplink directions. It is also the simplest option in a sense that the impact to the current specification is minimum, and its SI and WI phases can be merely completed in Rel-13 time scale.
Option 2: Support both DL and UL based on TDD frame structure (with UL-DL configuration #5 prioritized). TDD has different UL-DL configurations in which the ratio of UL-DL subframes can be adapted based on traffic activity. So, TDD with configuration 5 where there is only one UL subframe can be treated as DL heavy transmission similar to supplemental downlink cell for FDD, and it can be prioritised in the study.  
Option 3: Support both DL and UL configuration based FDD frame structure. It is a full carrier aggregation support in paired LAA spectrum. It should be noted that this includes TDD-FDD carrier aggregation where TDD is in licensed spectrum. 
  As a result of this discussion, we think that all the three options have to be studied in the study phase, and in the order of Option 1, 2 and 3.
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                Figure 1. Prioritised CA deployment scenarios for LAA
Furthermore, once deployment scenarios are clarified and agreed, RAN1 should discuss the evaluation methodology and shortlist some co-existence scenarios such as LAA + LAA, LAA + WiFi, etc.
Conclusion

In this contribution, we have discussed deployment scenarios of LTE licensed-assisted access (LAA) to unlicensed spectrum. We have the following proposal:

Proposal 1: CA Scenarios 2 and 4 should be prioritised in the study and in the following order of options for the SI phase:

Option 1: Supplemental DL based on FDD frame structure 

Option 2: Support both DL and UL based on TDD frame structure (with UL-DL configuration #5 prioritized) 

Option 3: Support both DL and UL configuration based on FDD frame structure
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