3GPP TSG RAN WG1 Meeting #78bis                                             R1-144149
Ljubljana, Slovenia, 6th – 10th October 2014

Source:
NTT DOCOMO
Title:
Required functionalities and design targets for LAA using LTE
Agenda Item:
7.3.2.2
Document for: 
Discussion and Decision

1. Introduction
At the RAN#65 meeting, the study item for Licensed-Assisted Access using LTE (LAA) [1] was agreed upon. It is suggested that the study objective should focus on the following areas.
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) (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]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· 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]
4) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
5) Assess the feasibility of base station and terminal operation of 5GHz band (based on regulatory limits) in conjunction with relevant licensed frequency bands. [RAN4] 

In this contribution, we discuss the required functionalities and design targets for LAA using LTE according to the above objectives of the LAA study item. First we clarify the motivations and challenges for LAA. Then, we propose required functionalities and design targets for LAA based on the regulatory requirements and motivations. Detailed physical layer solutions and proposed deployment scenarios for study are discussed in our companion contributions [2-3].
2. Motivations and Challenges
More spectra are needed for cellular operators to meet the increasing traffic demand. Although a licensed spectrum is always preferable for providing better user experience, an unlicensed spectrum can be considered as an effective complement. It is expected that LAA will provide higher link/system performance levels than Wi-Fi, e.g., IEEE 802.11ac, by using advanced LTE technologies such as robust FEC, hybrid ARQ and interference coordination and avoidance. Furthermore, thanks to tighter interworking between licensed and unlicensed carriers, LAA would lead to better traffic offloading and better user experiences than those for Wi-Fi [4].
For the above motivations, the first step is to clarify the overall system performance and user experience with LAA using LTE in an unlicensed band. The LAA air-interface should be designed so that the current regulatory requirements for the target spectrum are satisfied. In addition, since unlicensed spectra have been widely used by Wi-Fi and some operators have deployed operator-managed Wi-Fi systems, coexistence with Wi-Fi needs to be carefully considered in the LAA study. In an unlicensed band, coexistence with other LAA operators is also an issue to be considered.
Therefore, although unlicensed spectra consist of many frequency channels, the following “per-carrier scenarios” as shown in Fig. 1 should be considered in the LAA study. 
· Scenario A1: Single operator with Wi-Fi deployment
· Scenario A2: Single operator with LAA deployment

· Scenario B1: Multiple operators with Wi-Fi deployment (coexisting Wi-Fi – Wi-Fi)

· Scenario B2: Multiple operators with LAA deployment (coexisting LAA – LAA)

· Scenario B3: Multiple operators with different RAT deployments (coexisting Wi-Fi – LAA)
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Figure 1. Scenarios for LAA study

3. Required Functionalities and Design Targets
In this section, we present our views on the required functionalities and design targets for LAA according to the regulatory requirements and our motivations for LAA as discussed in Section 2.
Fair coexistence with other unlicensed spectrum deployments

As stated in the LAA SID [1], the design target should include fair coexistence with other unlicensed spectrum deployments, e.g., Wi-Fi and other LAA services. Current Wi-Fi deployments apply CSMA/CA based on the listen before talk (LBT) mechanism to coexist with other Wi-Fi deployments on the same frequency carrier. Although Wi-Fi deployment is an un-synchronized system, the frequency channel is shared in the time and spatial domains based on the LBT mechanism. In addition, the LBT mechanism, i.e., the carrier sense, is mandated in some regulations for the 5 GHz band, e.g., in Japan [5]. Therefore, we believe that LBT is an important functionality that is required for LAA. LAA with LBT may achieve fair coexistence with Wi-Fi depending on the details of the LBT design for LAA. In addition, when assuming no coordination and synchronization among LAA operators, LBT seems to be an efficient solution for inter-operator LAA interference handling.
Proposal 1: RAN1 should investigate introducing the listen before talk (LBT) mechanism into LAA to satisfy the regulatory requirements and to achieve fair coexistence with other unlicensed spectrum deployments.

In addition to the LBT mechanism, the lifetime of the LBT results, i.e., the maximum burst length after LBT, is also an important factor for fair coexistence. A simple example is shown in Fig. 2. Assuming fair opportunities of the channel occupation for the two systems, the system with a longer burst length (System B in Fig. 2) could occupy the channel longer than the coexisting system with a shorter burst length (System A in Fig. 2). Therefore, the maximum burst length of the LAA transmission after LBT should be carefully set so that fair coexistence with other unlicensed spectrum deployments is achieved. Furthermore, since the regulatory requirements are different for different countries regarding the maximum burst length as described in [6], the maximum burst length of the LAA transmission should be configurable.
Proposal 2: The maximum burst length after LBT should be configurable in LAA.
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Figure 2. Impact of maximum burst length
Fair sharing metrics and target performance
It is described in the SID that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. This means that at least the performance, e.g., throughput and delay, of the Wi-Fi operator in scenario B3 in Fig. 1 should not be worse than that in scenario B1. Although actually there are multiple frequency channels in an unlicensed band, co-channel coexistence with other unlicensed spectrum deployments may occur and hence the above performance target should be considered.
Proposal 3: LAA with LBT should be designed so that the coexisting Wi-Fi performance, e.g., average user throughput, in scenario B3 should not be worse than that in the case of coexistence with additional Wi-Fi deployments, i.e., scenario B1.
Scenario B2 in Fig. 1, i.e., coexisting LAA – LAA, is expected to achieve more efficient inter-operator coexistence than that in scenario B3, i.e., coexisting Wi-Fi – LAA, thanks to the intra-RAT coexistence. Since the dynamic frequency selection (DFS) functionality is required in the 5 GHz band by some regulations, Wi-Fi devices have such functionality and hence Wi-Fi may avoid co-channel coexistence with LAA and vice versa. To achieve better inter-operator LAA interference handling, an enhanced LBT mechanism, e.g., cross-correlation-based LBT instead of energy-based LBT and/or relaxed LBT threshold thanks to the robust link performance of LTE, can be considered. Applying some LTE-Advanced techniques for interference coordination and avoidance would also be beneficial if it works well even without coordination/synchronization between different operators.
Proposal 4: RAN1 should investigate physical layer solutions to achieve more efficient coexistence between different LAA operators compared to inter-RAT coexistence.
4. Conclusion
In this contribution, we discussed required functionalities and design targets for LAA using LTE according to the above objectives of the LAA study item.
Proposal 1: RAN1 should investigate introducing the listen before talk (LBT) mechanism into LAA to satisfy the regulatory requirements and to achieve fair coexistence with other unlicensed spectrum deployments.

Proposal 2: The maximum burst length after LBT should be configurable in LAA.

Proposal 3: LAA with LBT should be designed so that the coexisting Wi-Fi performance, e.g., average user throughput, in scenario B3 should not be worse than that in the case of coexistence with additional Wi-Fi deployments, i.e., scenario B1.

Proposal 4: RAN1 should investigate physical layer solutions to achieve more efficient coexistence between different LAA operators compared to inter-RAT coexistence.
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