3GPP TSG RAN WG1 Meeting #84bis

R1-163109
Busan, Korea, Apr. 11th - 15th, 2016

Source:
NTT DOCOMO, INC.
Title:
Evaluation methodologies for waveform study
Agenda Item:
8.1.3
Document for: 
Discussion and Decision
1. Introduction

The objective of this document is to derive evaluation methodologies relevant for waveform study that is a part of the approved SID on Next New Radio Access Technology [2]. The evaluation methodologies include waveform-relevant requirements and KPIs that are derived from the scenarios and requirements for Next Generation Access Technologies in TR38.913 [1]. We aim at developing common methodologies to facilitate waveform discussions and also deriving mapping and definition of link level simulation requirements and KPIs since the scenarios and requirements in [1] are mainly on system level aspects. This document mainly focuses on link level, as most impacts of waveform choice are on physical layer, but we discuss some system level aspects as well. In our accompanying contribution [3] we also provide our initial evaluation results of waveforms.
2. Deployment scenarios 
This section describes the observations from TR38.913 on usage and deployment scenarios that are relevant for waveform study.
TR38.913 describes scenarios to be used for evaluation of proposals for the Next Generation Access Technologies. The families of usage scenarios for IMT for 2020 and beyond include eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [1]. Therefore, waveforms should be selected and designed to support all usage scenarios. However, some of eMBB deployment scenarios may possibly be reused to evaluate mMTC and URLLC, or some specific evaluation tests (e.g., link-level simulation) can be developed to check whether the requirements can be achieved [1]. This would significantly reduce the simulation effort while still providing sufficient results to evaluate the expected performance. 
Nevertheless, some specific KPIs or target values are expected for the different usage scenarios. E.g. battery life time is particularly relevant for mMTC, so the corresponding Link-Level Simulation (LLS) KPIs, which we further discuss later in this document, probably have to be evaluated separately for the different usage scenarios or the user plane latency is particularly relevant for URLLC and it has different target values for eMBB [1].
According to TR38.913, it is assumed that some of the detailed attributes and simulation parameters, for example, the channel model, BS / UE Tx power, number of antenna ports, etc. should be defined in the new RAT study item [1]. Such further details should be adopted and considered for the waveform study as soon as they are available. Nevertheless, some initial assumptions need to be taken to start evaluation of waveforms as soon as possible. A straightforward approach would be to reuse existing channel models and other assumptions based on latest releases of LTE as much as possible. Probably most relevant metrics, which we discuss in this document, can also be evaluated with these assumptions providing reasonable and relevant results and investigating fundamental aspects.
Proposal 1: Consider latest LTE release for all undefined attributes for the initial simulations and update as soon as specified for new RAT.
According to TR38.913, it is allowed to simulate a smaller bandwidth than the aggregated system bandwidth defined in TR38.913 and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations [1]. This would significantly reduce the simulation effort while flexibly supporting a wide variety of system bandwidths.
3. Requirements and KPIs
3.1 Waveform relevant requirements
3.1.1. Channel bandwidth scalability
To fulfil this requirement described in [1] the waveform should be scalable and flexible with a certain granularity with respect to the channel bandwidth. 

3.1.2. Duplexing flexibility 
To fulfil this requirement described in [1] the waveform should be scalable and flexible with a certain granularity with respect to the channel bandwidth for FDD or frame duration for TDD. 
3.1.3. Support for wide range of services
To fulfil this requirement described in [1] the waveform should be able to support a wide range of services, e.g. be scalable in terms of numerology, or easily coexist with other waveforms/numerologies. 

3.1.4. Support of shared spectrum
To fulfil this requirement described in [1] the waveform should be able to support efficient mechanisms to share spectrum with other IMT/Non-IMT systems.
3.1.5. Cost-related requirements

To fulfil this requirement described in [1] the waveform should support ultra-low cost network infrastructures, ultra-low cost devices, and ultra-low cost operation. This means the devices should be of low development and production cost as well as their operation should cause low cost, e.g. in terms of energy.
Proposal 2: Consider the following requirements for waveform evaluations.
· Channel bandwidth scalability

· Duplexing flexibility

· Support of wide range of services
· Support of shared spectrum
· Cost-related requirements

3.2 Waveform relevant KPIs and factors
The following LLS relevant KPIs are proposed to capture the impact of the waveform on the KPIs and requirements defined in [1], but not explicitly mentioned there. With these KPIs the impacts of waveforms on the KPIs and requirements defined in [1] can be evaluated properly. The concrete procedures are to be agreed and defined in order to facilitate discussions on waveform evaluations and discussions.
Besides, according to the capacity-related and latency-related KPI requirements defined in [1], system-level verifications should also be conducted for new waveform upon such as area traffic capacity, user experienced data rate, etc. The DL / UL multiple access schemes in Release-8 could be adopted as a baseline. Concerning the evaluation methodology, the high level description of the scenarios in [1] and the RAN1 discussion on high frequency-band channel model can be used to derive suitable simulation assumptions for system level. If non-orthogonal waveform is supported, it will be more important to perform system level evaluations, and thus system-level modelling methodology (such as ISI modelling and different receiver algorithm) for new waveform should be further discussed.
3.2.1. PAPR / Cubic metric
The PAPR / cubic metric is relevant for several KPIs or requirements described in [1]. The relation between this KPI and the ones in [1] are summarized in the following.
PAPR / Cubic metric is relevant for:

· coverage, because the maximum Tx power may depend on power efficiency of PA, which in turn depends on PAPR, 
· UE battery life, because power efficiency of PA depends on PAPR, 
· UE energy efficiency, because consumed power during data transmission depends on power efficiency, which in turn depends on PAPR, 
· network energy efficiency, because power efficiency of PA depends on PAPR, and
· cost-related requirements, because low PAPR/Cubic metric enables ultra-low cost devices with inexpensive PA.
3.2.2. ACLR
The ACLR is relevant for several KPIs or requirements described in [1]. The relation between this KPI and the ones in [1] are summarized in the following.
ACLR is relevant for:

· spectrum flexibility, because the required guard bands allocated at the bandwidth edge do usually not scale with bandwidth, thus, waveforms with low ACLR may be more efficient in terms of spectrum flexibility, and the waveform itself should be scalable to different bandwidths, 
· duplexing flexibility, because required guard bands allocated at bandwidth edge, especially between UL and DL band do usually not scale with bandwidth, thus, waveforms with low ACLR may be more efficient in terms of duplexing flexibility, and the waveform itself should be scalable to different bandwidths,
· support for wide range of services, because required guard bands allocated between different services that may use different numerologies in the same carrier affect the efficient support of wide range of services,
· user experienced data rate, 5th percentile user spectrum efficiency and Cell/Transmission Point/TRP spectral efficiency, because possible guard bands between the active users per TRP etc. can lead to different results compared to simple scaling of peak data rate/peak spectral efficiency, 

· peak spectral efficiency, because guard bands (e.g. on carrier edges) reduce the available resources, and
· support of shared spectrum, because waveforms with low ACLR can well coexist with other systems as their interference to neighbouring (sub)bands is low. 

3.2.3. BLER
The BLER is relevant for several KPIs described in [1]. The relation between this KPI and the ones in [1] are summarized in the following.
BLER is relevant for:

· user experienced data rate, 5th percentile user spectrum efficiency and Cell/Transmission Point/TRP spectral efficiency, because they depend on successfully transmitted bits, which are simulated by BLER, and 
· reliability, because the success probability depends on BLER.
3.2.4. EVM
The EVM is relevant for several KPIs described in [1]. The relation between this KPI and the ones in [1] are summarized in the following:

· EVM is relevant for user experienced data rate, 5th percentile user spectrum efficiency and Cell/Transmission Point/TRP spectral efficiency, because they depend on successfully transmitted bits, which also depend on distortions on the used resources.
3.2.5. ICI
The inter-carrier interference (ICI) is relevant for several KPIs described in [1]. The relation to the KPIs in [1] is summarized in the following.

ICI is relevant for:

· reliability, because robustness of waveform towards any kind of disturbance or channel impact will influence the reliability, e.g. a low ICI may increase the robustness towards Doppler effects or synchronization errors, and 
· mobility, because the relative speed between transmitter and receiver together with the carrier frequency, subcarrier spacing and the channel model will impact the ICI of multi-carrier waveforms. Depending on the out-of-band radiation of the waveform, the impact of the ICI will vary and different user speeds may be supported.
It is noted that for some waveforms, the ICI and the ACLR may be tightly connected, but in general both aspects should be considered separately.

Furthermore, it is noted that this factor is not clearly defined. Direct relevance of waveform is to be clarified. It may be modelled by other KPIs. Further discussion on this is suggested.

3.2.6. ISI
The inter-symbol interference (ISI) is relevant for several KPIs described in [1]. The relation to the KPIs in [1] is summarized in the following:

· ISI is relevant for user experienced data rate, 5th percentile user spectrum efficiency and Cell/Transmission Point/TRP spectral efficiency, because they depend on successfully transmitted bits, which also depend on ISI. 
It is noted that this factor is not clearly defined. Further discussion on this is suggested.
3.2.7 Waveform delay
The waveform delay is relevant for several KPIs described in [1]. The relation to the KPIs in [1] is summarized in the following.
Waveform delay is relevant for:

· peak spectral efficiency, because guard times due to signal tails reduce the throughput, and
· user plane latency and latency for infrequent small packets, because the overall signal duration may be significantly increased due to signal tails.
It is noted that in case the ISI is negligible, the waveform delay may still be relevant, e.g. for orthogonal waveforms in time domain in asynchronous scenarios. In other cases, the distribution of the ISI in time domain is relevant here.

It is noted that this factor is not clearly defined. Further discussion on this is suggested.

3.2.8. Complexity

The complexity is relevant for several KPIs or requirements described in [1]. The relation to the KPIs in [1] is summarized in the following.
Complexity is relevant for:

· latency, because complexity may increase processing delay and therefore the overall delay, 
· UE battery life, UE energy efficiency and network energy efficiency, because processing power increases also the energy consumption and therefore reduces these KPIs, maybe specifically relevant for UE battery life in mMTC scenarios, and
· cost-related requirements, because a low-complexity device can be of low development and production cost as well as their operation should cause low cost, e.g. in terms of energy.

Proposal 3: Consider the following KPIs for waveform evaluations.

· PAPR/ Cubic metric

· ACLR
· BLER

· EVM

Proposal 4:  The following factors could be considered for waveform evaluations.
· ICI
· ISI

· Waveform delay
· Complexity
 Proposal 5: The following system level factors can be considered for evaluations.
· User experienced data rate
· Area traffic capacity
4 Conclusion 

In this contribution, we present our views on requirements and KPIs for waveform evaluation. The following proposals are made based on the discussion.
Proposal 1: Consider latest LTE release for all undefined attributes for the initial simulations and update as soon as specified for new RAT.
Proposal 2: Consider the following requirements for waveform evaluations.
· Channel bandwidth scalability

· Duplexing flexibility

· Support of wide range of services

· Support of shared spectrum
· Cost-related requirements
Proposal 3: Consider the following KPIs for waveform evaluations.

· PAPR/ Cubic metric

· ACLR
· BLER

· EVM

Proposal 4: The following factors could be considered for waveform evaluations.

· ICI
· ISI

· Waveform delay

· Complexity
Proposal 5: The following system level factors can be considered for evaluations.
· User experienced data rate
· Area traffic capacity
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