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Discussion/Decision 
1. Introduction
The study on Licensed-Assisted Access using LTE has been approved in last RAN plenary meeting. Based on the Study Item Description (SID) [1], RAN1 is required to ‘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) (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]’.
This contribution describes two main deployment scenarios. Both of them are based on the following main principles, in accordance with SID guidance:

· Licensed LTE and unlicensed LTE are carrier-aggregated (Dual connectivity is not part of the Study Item), where the licensed LTE is always the Pcell, and unlicensed LTE can only be SCell. In terms of deployment, this implies co-location of licensed LTE and unlicensed LTE or the deployment of RRH.

· Standalone unlicensed LTE is out of scope of this Study Item. 
· Unlicensed LTE is only deployed at low power nodes, constrained to regulatory power limit.
· Unlicensed LTE is assumed to use the 5GHz spectrum.
· Scenarios should account for the potential coexistence issues between unlicensed LTE and Wi-Fi (or other system operating 5GHz band) and coexistence between different operator so that RAN1 properly designs and evaluates the necessary coexistence mechanisms.
This contribution also gives some guidance on simulation assumptions in order to account for the potential coexistence issues. In particular, section 4 highlights the need to perform two different sets of simulation:
· Simulations over several channels in the unlicensed band, in which channel selection algorithms minimize contention

· Simulations over a single channel in the unlicensed band, where contention problems will be more visible

2. Scenario 1: Indoor dense deployment 

In this scenario, the operator has already deployed planned Wi-Fi nodes in crowded-places like stadiums, train stations, malls etc. The operator decides to update these nodes to host LAA-LTE in addition to Wi-Fi.
The operator prefers to reuse the existing backhaul in order to minimize the cost and complexity of the update. Their backhaul may typically not be RRH. Hence, they will be updated with collocated licensed + unlicensed LAA-LTE (as the only supported option in this study).
In this indoor scenario, co-location also brings the benefit of improving reception of licensed LTE PCell (otherwise, if licensed LTE PCell was hosted only by the outdoor macro, there could be some indoor UEs with bad radio conditions). 
Since high-density traffic is expected in the target areas (stadiums, train stations, malls etc), the deployment of small cells is dense: a cluster of 20 small cells per macro cell is assumed, with overlapping coverage area. 
Multiple unplanned Wi-Fi networks also exist within the cluster, such as infrastructure APs installed by shops, restaurants and the venue itself in the target area, as well as “Soft APs” such as cellular tethering, “Mi-Fi” personal routers, and Wi-Fi Direct connections. The location of APs and STAs is determined by random drop. The density of APs and STAs within the cluster and the associated traffic models (e.g. including beacon and probe management frames) are FFS.
Scenario 1 can be split into 2:

· Scenario 1a: Single-operator. The rationale of considering only one operator is to simplify the scenario to focus on coexistence between LAA-LTE and Wi-Fi (or other systems operating in 5GHz band). By handling one coexistence type at the time, we expect to obtain more comprehensive results. But note that, in addition to scenario 1a, multi-operator scenarios (scenario 1b and scenario 2) are needed to take into account all coexistence issues.
· Scenario 1b: Multi-operator. One other operator has also made a similar LAA-LTE deployment where the coverage area of the small cells overlaps that of the first operator. 
Scenario 1 is used to study:

· The performance gains of adding LAA-LTE to a typical indoor operator-planned Wi-Fi deployment

· The coexistence issues between LAA-LTE and Wi-Fi nodes located at the same sites, as well as with other unplanned Wi-Fi networks in the same area and other systems operating in 5 GHz band
· Inter-operator coexistence issues can also be studied in scenario 1b
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Figure 1- Scenario 1: Indoor dense deployment (scenario 1a: single operator; scenario 1b: multiple operator)
3. Scenario 2: Multi-operator outdoor sparse deployment 
In this scenario, the operator has already deployed outdoor low-power LTE small cells nodes operating in licensed spectrum. The operator decides to update the nodes to host LTE unlicensed. Hence, as per scenario 1, we assume co-location of licensed and unlicensed LTE. 
Sparse deployment of small cells is assumed for a given operator (The number of small cells per macro cell is FFS, uniformly distributed within the macro coverage area). We assume that each small cell coverage area overlaps with another small cell of a different operator.
In addition, multiple unplanned Wi-Fi networks also exist, such as infrastructure APs installed in residential apartments, shops and restaurants, as well as “Soft APs” such as cellular tethering and “Mi-Fi” personal routers. The location of APs for unplanned networks and for STAs is determined by random drop. The density of APs and STAs and the associated traffic models (e.g. including beacon and probe management frames) are FFS.

This scenario is used to study:

· The performance gains of using LAA-LTE for a typical operator-planned outdoor  small cell deployment

· The coexistence issues between LAA-LTE and Wi-Fi, as well as with other systems operating in 5 GHz band
· Inter-operator coexistence issues 
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Figure 2- Scenario 2: Multi-operator outdoor sparse deployment 
In order to evaluate LAA-LTE gains, the results obtained for each scenario are compared with a baseline scenario without LAA-LTE.
For both scenarios, the impact of UL interference on DL (ex: from Wi-Fi STA to UE receiving LAA-LTE) and vice-versa (ex: from Wi-Fi AP to LAA-LTE small cell) should be simulated.
4. On the need for simulations over a single channel in the unlicensed band
Traffic in the 5 GHz unlicenced band is fast increasing. Dual-band Wi-Fi mobile devices and APs have reached the mass market over the last three years and their volume is expected to continue to rise rapidly. Hence, simulation scenarios should realistically model the high density usage of this band that can be expected in 2016 and beyond when LAA-LTE technology comes to market. Simulations scenarios developed by the IEEE 802.11ax task group defining representative Wi-Fi deployment scenarios may be considered to overlay on the LAA-LTE scenarios defined above.
An effective channel selection algorithm will doubtless be a key part of the overall coexistence mechanism, both between LAA-LTE cells and between LAA-LTE and other RATs such as Wi-Fi. However, we believe it will commonly be the case that no completely unoccupied channels are available in the 5 GHz band for a given LAA-LTE eNB to operate on. Therefore, it is important that this study prioritizes coexistence mechanisms that mitigate contention between cells and RATs operating on the same channel.

For example, while there are in principle approximately 20 channels (each of 20 MHz bandwidth) available in 5 GHz band in most regulatory regions, there are various reasons why in practice LAA-LTE cells and Wi-Fi networks will be forced to operate on a substantially smaller subset of those channels:

· Some channels cannot be used for outdoor deployments (e.g. in Japan, only 11 channels can be used outdoors)

· Many channels have DFS requirements which prevent them being used in some locations and/or times where/when radar signals can be detected (e.g. in Europe, only 4 channels are free of DFS requirements)

· Some channels have substantially different maximum transmit power regulatory requirements, as a result of which operators (of both LAA-LTE and Wi-Fi networks) will prefer to use a subset of favourable channels, especially for outdoor scenarios
In addition, the number of unoccupied channels in the 5 GHz band will be further reduced by the prevalence of other RATs that implement contiguous channel bonding (e.g. up to 160 MHz for IEEE 802.11ac Wi-Fi networks) – meaning that a single network will by itself cause contention on as many as 8 different channels.
Finally, practical experience in managed Wi-Fi deployments (where adaptive channel selection algorithms have long been commonplace) has shown that it is difficult to implement an algorithm that is efficient in all scenarios, and there are certain scenarios where adaptive channel selection still performs notoriously badly and unpredictably. These issues are exacerbated by dynamically changing interference environments, hidden nodes, and the unpredictable and very irregular deployments of unplanned networks that are typically found in the unlicensed band. These cannot be properly taken into account in the simplified RAN1 simulations.
The evaluations in this study should be rigorous and account for practical worst-case scenarios. In order to guarantee that such cases are taken into account and efficient co-channel coexistence mechanisms are designed in addition to channel selection algorithms, we suggest that at least scenario 1b is simulated in two different manners:

· (1) Simulation of the entire scenario (including overlaid unplanned Wi-Fi networks) over several channels, including adaptive channel selection algorithms. For example, 3 channels of 80 MHz each could be assumed.
· (2) Simulation of a subset of the scenario (including overlaid unplanned Wi-Fi networks) which is predetermined to be operating on the same channel, including only co-channel coexistence mechanisms.
5. Conclusion

Proposal 1: Two scenarios are proposed in order to properly take into account the coexistence issues:
· Scenario 1: Indoor dense deployment of operator-planned small-cells hosting licensed LTE, unlicensed LTE and Wi-Fi, with overlapping coverage areas and unplanned nodes of Wi-Fi.
· Scenario 1a: Single-operator

· Scenario 1b: Multi-operator
· Scenario 2: Multi-operator outdoor sparse deployment of operator-planned small-cells hosting licensed LTE, unlicensed LTE and Wi-Fi, and unplanned nodes of Wi-Fi.
Proposal 2: In order to ensure that practical worst-case scenarios are taken into account and efficient co-channel coexistence mechanisms are designed in addition to channel selection algorithms, we suggest that at least scenario 1b is simulated in two different manners:
· (1) Several channels in the unlicensed band, where channel selection algorithms are included, in order to evaluate the overall coexistence performance

· (2) One single channel in the unlicensed band, in order to make the contention problems more visible
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Cluster of indoor small cells with overlapping area, 20 ms backhaul latency�
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- Random drop of multiple unplanned Wi-Fi networks (not shown)


- In scenario 1b, a similar LAA-LTE network deployed by another operator (not shown)
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Outdoor operator planned deployment :





Sparse deployment of outdoor small cells, 20 ms backhaul latency





Pico-cells host :


Pcell Licensed LTE


Scell Unlicensed LTE


Wi-Fi


Coexisting systems:


- Wi-Fi co-hosted with each small cell


- Random drop of multiple unplanned Wi-Fi networks (not shown)
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