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1 Introduction

At RAN#72, the study item “Further enhanced Device-to-Device communication for wearable IoT and Relays” was approved with the following RAN1 objectives [1]:

	2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].


In this contribution, we provide our views on the objective 2a related to evaluation methodology. We provide our views on what needs to be defined for sidelink evaluations targeting wearable and IoT/MTC use cases. Our views on design aspects that should be analyzed during the study item are provided in our companion contribution [2].
2 FeD2D Target Scenarios
The D2D scenarios and frameworks discussed and enabled in LTE Rel.12-14 were focused on Public Safety or Vehicular use cases and thus either not suitable or not optimized for IoT and wearable applications, which have their specific requirements and characteristics (extremely small form factors, low complexity/cost, long battery life, various data rates). In order to address wearable and IoT use cases, we suggest to consider wearable and IoT centric deployment scenarios:

· Scenario 1. D2D-aided wearable scenario. In this scenario, the cellular wearable device (called Remote UE) most of the active time is assumed to be in a proximity range of companion device (called Relay UE), that may provide cellular connectivity through relaying. The basic example is a smart-wearable (e.g. smart-watch, earphones etc.) connecting through a smartphone within a proximity range to network [3], providing Remote UE access through a Relay UE. This scenario can be considered as a personal IoT network.
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Figure 1. Illustration of personal IoT network.

· Scenario 2. D2D-aided MTC scenario. In this scenario, the cellular MTC device (called Remote UE), which is possibly coverage limited, offloads traffic through cellular UE (relay UE) using sidelink air-interface. This scenario does not necessarily imply that Remote and Relay UEs are in proximity most of the time, although it is not precluded that Relay UE is stationary installed in proximity of MTC devices. From deployment perspective, the distribution of Remote and Relay UEs may be independent from each other. MTC devices can be coverage limited due to specific of their installation e.g. inside buildings at basement level. This scenario can cover smart home IoT network for metering or other public IoT use cases.
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Figure 2. Illustration of smart home IoT network.

Note that terms Remote and Relay UEs are introduced here to simplify description, but do not imply that Remote UEs do not have cellular air-interface and Relay UEs only serve to provide connection to network. Oppositely, both UEs types are expected to have cellular Uu and sidelink PC5 air-interfaces, but can utilize sidelink air-interface to improve certain KPI.

Observation 1
· D2D-aided wearable and MTC scenarios are different at least in terms of UE deployment/drop assumption that should be taken into account in system level evaluations.
In terms of network coverage, the following scenarios were defined by RAN2 WG and are part of the SI objectives:

	· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage.

· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).

· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.


The described scenarios may be analyzed by defining additional details based on RAN1 evaluations. The proposed scenarios for system level evaluation are discussed in the next section.
3 Details of System Level Evaluation Assumptions
In this section, we discuss evaluation methodology for system level studies of sidelink enhancements for wearable and IoT use cases. We take existing D2D evaluation methodology as a baseline and add additional considerations where it is necessary.
A general consideration between the identified scenarios is that the homogeneous network layouts should be prioritized where the benefits of using D2D are more promising comparing to the scenarios with multiple RRHs.
All scenarios should consider impact of sidelink on cellular operation and thus should assume that legacy UEs operate in the same cell and same frequency both in DL and UL.

Proposal 1
· Homogeneous Macro-cell network deployments are used for evaluations in FeD2D study item.
3.1 Scenario 1: D2D-aided Wearable Scenario

Network Layout

In terms of network layout, the conventional Macro-cell deployment with ISD = 500 m and explicit building dropping procedure seems can adequately describe the practical wearable use cases. In [4] this scenario was referred as Option 1 (1 RRH/Indoor Hotzone per cell) and Option 4 (3 RRH/Indoor Hotzone per cell). Since we consider homogeneous scenarios without RRH deployment, then modified Option 1 and/or Option 4 with disabled Pico eNB generation is proposed to be used for the study.
UE Dropping Procedure

The proximate (clustered) dropping of Remote UEs and Relay UEs is the most suitable assumption to describe wearable use case. This UE generation procedure may emulate “companion” device (Relay UE) which is within proximity of Remote UEs (wearables). In order to model the close proximity of N Relay UEs and M Remote UEs per Relay UE, a new procedure for proximate clustered UE dropping should be introduced. The following proximate UE generation procedure is considered:

· Alternative 1: Proximate (cluster) UE dropping:

Drop a Relay UE according to the selected network layout (i.e. following the UE location type distribution). For each of M remote UEs to be associated with given Relay UE, perform dropping within a circumcircle area of [D1:D2]. While generating the UEs, check if distance with already dropped UEs and eNBs exceed corresponding min distance values, if not then re-generate Remote UE. Repeat until the configured number of clusters N is dropped. Note, that location type of Remote UEs is generated independently of location type of the Relay UE.
· Alternative 2: Groupcast association -based dropping:

Alternatively, the Rel.12 groupcast association procedure can be reused from TR 36.843 [4]. In this case, a large number of UEs needs to be dropped first, e.g. 150 per cell. Then, a random UE from the dropped users should be selected as a Relay UE. Then, N UEs needs to be found in a radio or distance range of [D1:D2] near the Relay UE and associated to it. The already associated UEs need to be excluded from the association to other Relays.
The following parameters need to be defined: N – number of Relay UEs, M – number of Remote UEs per given Relay UE, D1 and D2 – parameters defining min and max range between Relay and Remote UE (alternatively the radio-distance range can be defined). The specific values for these parameters can be further discussed. In order to consider scenarios with single wearable and multiple wearables served by single Relay UE we propose to consider the following values:

· Setup 1, “Wearable Sparse”. N = 10 Relay/cell, M = 1 UE/Relay, D1 = 1 m, D2 = 10 m.

· Setup 2 (optional), “Wearable Dense”. N = 10 Relay/cell, M = 8 UE/Relay, D1 = 1 m, D2 = 30 m.
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Figure 3. Clustered Remote UE dropping for D2D-aidede wearable scenario.

Note, that it is assumed, that L legacy UEs should also be generated in the network in order to study the impact on legacy cellular operation.
Channel Modeling

It is assumed, that this scenario is evaluated in 2 GHz carrier frequency. In this frequency, the defined in TR 36.843 channel models for eNB↔UE and UE↔UE propagation are enough and therefore should be reused.
Proposal 2
· For D2D-aided wearable scenario,

· Use Option 1 and/or Option 4 network layouts from TR 36.843 without Pico eNB generation.

· Introduce proximate UE dropping by adopting one of the following alternatives:
· Alternative 1: Explicit proximate UE dropping.
· Alternative 2: Rel.12 Groupcast association procedure.
· Fully reuse eNB↔UE and UE↔UE channel modeling from TR 36.843.

3.2 Scenario 2: D2D-aided MTC Scenario

Network Layout

For analysis of terminals in extended coverage mode, the D2D-aided MTC scenario should include Remote UE↔eNB links with significant attenuation that is practically possible due to installation of MTC devices at basement level inside of the buildings and/or in case of very large ISD between eNBs. Therefore for evaluation we propose to consider, a network layout with large ISD = 1732 m, which follows the assumptions of eMTC/NB-IoT evaluations conducted in LTE Rel.13-14 [5]-[6].
UE Dropping Procedure

The general D2D-aided MTC scenario implies independent dropping and deployment of Remote and Relay UEs according to the location type distribution defined for the given network layout, although the proximate dropping can be also valid in many use cases.
We propose to have uniform distribution of all UE types for this scenario. The following number of different UE types per cell area can be considered:

· Number of Relay UEs – M. The various number of Relay UEs can be considered 10, 20, 40 to check benefits depending on the density of Relay UEs deployed.
· Number of Remote UEs (MTC) – N. The density of MTC UEs can be scaled proportionally to traffic/packet arrival rate and simulated time. For more details please refer to Section 5, where the traffic models are discussed.
· Number of Legacy UEs – L. The typical number of legacy UEs can be used per cell (i.e. L equal to 10).
Channel Modeling

For eNB↔UE channel modeling, the used before 3GPP Case 3 model from TR 36.843 does not suit for emulation of extended coverage since it provides at most 140 dB pathloss, while it is assumed that about 155-164 dB is considered as extended coverage. Therefore, an alternative model should be applied. A natural choice is to reuse the NB-IoT mode defined in TR 45.820 [5] where it was shown that it provides the needed deep coverage. Note, that for Relay and Legacy UEs, the 3GPP Case 3 model is still applicable considering these UE are not installed in basement levels and therefore have better pathloss distribution.
For UE-UE channel model, the TR 36.843 models could be used, however the penetration loss model may be reconsidered further. For proximate UEs, the double addition of 20 dB loss due to virtual indoor-to-indoor propagation may not be realistic. In this case, the penetration loss of only one wall may need to be selected.
Proposal 3
· For D2D-aided MTC scenario,
· Use hexagonal layout with ISD = 1732 m, 57 cells, uniform UE dropping.
· eNB↔Remote UE channel model is reused from TR 45.820.
· eNB↔Relay/Legacy UE channel model is reused from TR 36.843.

· UE↔UE channel model is reused from TR 36.843.
· FFS additional adjustment of penetration loss between Remote and Relay/Legacy UEs.

· FFS additional adjustment of penetration loss between Remote UEs.
· Independent dropping of different types of UEs is used.
3.3 Scenario 3: Partial Coverage Scenario

The partial coverage scenario can be emulated by the D2D-aided MTC scenario where a part of terminals is in extended coverage mode, i.e. UEs with very low received signal quality below some threshold could be considered in out of coverage while being dropped within the network layout. In case if there is a need to define a separate scenario, RAN1 can adopt the partial coverage scenario from Rel.12/13 relay studies.
Proposal 4

· Do not introduce a dedicated partial coverage scenario for FeD2D. 
4 UE Types
In FeD2D study, different types of devices are being considered including normal UEs, eMTC and NB-IoT. For Relay UEs, we suggest to limit study to the case when only normal cellular devices with sidelink communication capabilities are considered. For Remote UEs the different option including normal, eMTC and NB-IoT types of UEs can be considered. The Relay and Remote UEs may have different antenna configurations, operation bandwidth, and amount of TX and RX chains.

Taking into account the target use cases for FeD2D study, the following UEs types should be considered in the study:

Table 1. Considered UE types for FeD2D.
	
	Number of TX antennas
	Number of RX antennas
	Duplexing mode
	Operation bandwidth
	TX power

	Cat. 2 +
	2
	2

4 (optional) 
	Full
	20 MHz
	23 dBm

	Cat. 1
	1
	2
	Full
	20 MHz
	23 dBm

	Cat. M1
	1
	1
	Half
	1.4 MHz
	20 or 23 dBm

	Cat. NB1
	1
	1
	Half
	0.2 MHz
	23 dBm


Although the study is not limited to any category of both Remote UEs and Relay UEs, the main interest is on enabling sidelink communication for low cost devices. In the same time, communication between low cost devices (eMTC↔eMTC or NB-IoT↔NB-IoT) is not clear from usage perspective. Therefore, it is reasonable to limit evaluation to the following combinations of UE types:
Remote UE: Cat. 1+, eMTC and NB-IoT types of UEs with sidelink communication capabilities;

Relay UE: Cat. 2+ Cellular UE with sidelink communication capabilities;

Legacy UE: Cat. 2+ Cellular UE w/o sidelink communication capabilities.

Proposal 5
· Study the following types of UEs in FeD2D study item:

· Remote UE: Cat. 1+, eMTC and NB-IoT types of UEs with sidelink communication capabilities;
· Relay UE: Cat. 2+ Cellular UE with sidelink communication capabilities;
· Legacy UE: Cat. 2+ Cellular UE w/o sidelink communication capabilities.
We further note, that in case of wearable scenarios, potential Specific Absorption Rate (SAR) requirements should be taken into account when setting the transmission power level. Therefore, potentially lower maximum transmission power levels for the wearable scenario can be considered, e.g. 0-10 dBm.

Proposal 6
· Consider SAR requirements for wearable maximum transmission power modeling.
5 Traffic Model
The IoT and wearable use cases are emerging fields in cellular wireless communication. The proper traffic model that can cover numerous IoT use cases is challenging to develop, if it is possible. At the same time, traffic models are important since those may affect solutions to be standardized. Considering the current market trends at least the following two classes of traffic models should be considered: UL centric and DL centric from Remote UE perspective. For UL centric traffic, the most common scenario when wearable/MTC devices provide periodic/event-triggered updates to network (e.g. location update, metering report, etc.). The DL centric traffic is mainly represented by media-streaming (e.g. music, voice). The instant messaging is another type of traffic that is equally used in DL and UL transmission (e.g. voice messaging).
Another aspect, that needs to be taken into account for both UL centric and DL centric traffic types, is whether it is terminated/generated at Relay UE or at network side. There are multiple use cases where D2D traffic only exchanged between devices and is not intended to go to/from network, for example, a voice command to/from a smartphone to a wearable. Note that current FeD2D scope is not limited to only relaying type of operation and therefore it is desirable to consider both traffic types.
In general, it is possible to develop sophisticated traffic model for a particular IoT or wearable application. This model can be used to estimate power consumption and battery life time in a particular usage scenario. For FeD2D analysis, the relative comparison of different techniques is sufficient since there is no goal to estimate absolute battery life time rather than compare potential saving relative to the cellular Uu-only operation. From that perspective classical traffic models with Poisson or periodic packet arrival could be sufficient, assuming that proper traffic model parameters are selected.

It is reasonable to consider different traffic types for Scenario 1 and Scenario 2 taking into account the intended use case and deployment scenarios.
Scenario 1. D2D-aided wearable.

For this scenario, both DL-centric and UL-centric traffic models should be considered with different offered load. Therefore, it is natural to consider the following for both DL and UL:
· VoIP traffic, AMR 12.20 kbps, voice activity 75%, no SID packet modeled. This is the same VoIP model as used in Rel.12 D2D study. Packet latency budget of 50 ms is assumed for network triggered/terminated services and 200 ms for UE triggered/terminated services.
· FTP traffic, Model 2 or 3 is used with packet sizes of 1 Kbyte to 100 Kbyte. Different arrival rates to be modeled.
Scenario 2. D2D-aided MTC.

The natural choice is to at least consider periodic MAR model used for NB-IoT studies. In order to evaluate it at system level, the appropriate scaling of number of UEs according to the simulation time may be needed. In order to evaluate 10 seconds of system operation, and assuming 52547 UEs per cell are deployed, then according to the MAR traffic model cited in Table 2, about 70 UEs will be active with one message during the 10 simulated seconds. Effectively, this may be modeled by FTP model 1 with packet arrival 7 per second per cell.
Table 2. Periodic MAR model.

	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


Proposal 7
· The following non-full buffer traffic models are used for analysis:
· Scenario 1, D2D-aided wearable

· Rel.12 D2D VoIP traffic model
· FTP traffic model 2 or 3 with 1-100 Kbyte packet size and different packet arrival rates
· Scenario 2, D2D-aided MTC

· Periodic MAR from TR 45.820

· Consider usage of FTP Model 1 with packet size distribution as in Periodic MAR and packet arrival rates about 7 per second per cell
· Sophisticated traffic models targeting particular IoT application can be optionally considered
6 Power Consumption

The relative gains in power consumption and throughput should be considered as a baseline in the FeD2D study. Therefore in order to estimate savings in terms of power consumption, the relative model defined during Rel.12 D2D studies can be reused [4]. In order to discuss the potential modifications we generalize the model as follows:
	· Idle power = I unit per sub-frame

· Sleep power = S unit per sub-frame

· RX power = R unit per sub-frame

· 
TX power

· T unit per sub-frame for X dBm and below

· 
T·k unit per sub-frame for maximum power (23 dBm)

· Linearly scaled with transmit power between T and T·k


The Rel.12 D2D assumptions were the following: I = S = 0.01, R = 1, T = 1, k = 4 (assuming 23 dBm max power), X = 0 dBm. For FeD2D, the eMTC/NB-IoT-like power consumption values should also be considered for low power devices.
We propose to use the lower idle mode power values for low cost devices, e.g. 0.0001 similar to the assumptions used in eMTC and NB-IoT. It is also reasonable to consider that consumption on the maximum power is different under assumption of different power amplifier efficiency, which may be assumed about 50% for low cost implementation and up to 70% for Cat.1+.
Proposal 8
· Use the generalized relative power consumption model defined as

· Idle power = I unit per sub-frame

· Sleep power = S unit per sub-frame

· RX power = R unit per sub-frame

· 
TX power

· T unit per sub-frame for X dBm and below

· 
T·k unit per sub-frame for maximum power (23 dBm)

· Linearly scaled with transmit power between T and T·k
· Values [I, S, R, X, k, T] are the following:
· Cat.1+ UE: I = 0.01, S = 0.01, R = 1, X = 0 dBm, k = 4, T = 1
· FFS Cat. M1,N1 UEs: E.g. I = 0.0001, S = 0.01, R = 1, X = 0 dBm, k = 6, T = 1
7 Transmitter Imperfections Modeling
7.1 In-band Emission Model
In-band emission modeling was one of the key system effects which guided the physical layer procedures design in Rel.12/13 D2D as well as Rel.14 V2V. For FeD2D, the models considered in Rel.12 are largely applicable except the NB-IoT type of devices which have another transmission mask requirements.

Proposal 9
· For all types of UEs except the NB-IoT, use the Rel.12 IBE model from TR 36.843 defined for UE operation bandwidth.

For NB-IoT types of devices, a new IBE mask was defined taking into account the tone-based spectrum allocation. Although, as we discuss in [2] that the sub-PRB allocations should be out of scope for sidelink, the TX mask defined in TS 36.101, section 6.5.2F.3, may be applied in this case.
Proposal 10
· For NB-IoT UE, use the IBE mask defined in TS 36.101, Section 6.5.2F.3.
7.2 Out-of-band Emission Model

Since the channel bandwidth for NB-IoT is one PRB, i.e. 180 kHz, then the in-band or guard-band deployment should be analyzed using out-of-band (OOB) emission masks rather than the in-band emissions. The same is valid for eMTC type of devices operating in 1.4 MHz which introduce OOB emission to the other frequencies within the larger system bandwidth.

In order to model the out-of-band emissions, we propose to use the spectrum emission masks for OOB emission defined in [8]. Note, that the masks are defined there in absolute measure, however, for power controlled transmissions the appropriate downscaling should be applied similar to the noise floor level scaling in the in-band emission model. Note, that the OOB mask should not exceed the IBE mask.
Proposal 11
· Take into account out-of-band emissions of eMTC and NB-IoT devices operating in-band or in guard-band with LTE UL system bandwidth.
· Use TS 36.101, sections 6.6.2 and 6.6.2F for OOB spectrum emissions masks

· FFS possible offsets similar to IBE models
8 Performance Metrics

The metrics used for both discovery and communication in Rel.12 and defined in TR 36.843 are applicable to the FeD2D study. Additionally, the following performance metrics should be considered taking into account the power optimization emphasis of the study:

· Normalized energy efficiency:

· Defined as energy spent to transmit a bit of information measured in [power units · sec / bit].
Proposal 12
· Additionally to the metrics defined in TR 36.843, use a normalized energy efficiency determined as energy spent to transmit a bit of information.
9 Summary

In this section we provide a summary of evaluation scenarios proposed to be studied in FeD2D:
	Parameters
	Scenario 1: D2D-aided wearable scenario
	Scenario 2: D2D-aided MTC/IOT scenario

	Network layout
	Modified Option 1 / Option 4 from 36.843:

ISD = 500 m, 1 / 3 indoor hotspot building per cell sector, no Pico eNB generation inside the buildings
	Option 5 from TR 36.843: ISD = 1732 m, 57 cells, wrap around

	Carrier frequency
	2 GHz for all links, FDD paired spectrum with 10 MHz per UL and DL
	700 MHz for all links, FDD paired spectrum with 10 MHz per UL and DL

	Channel model
	All propagation types are modeled using the Rel.12 D2D assumptions
	D2D links are modeled using the Rel.12 D2D assumptions.
eNB-UE channel model:

· For Remote UEs, channel model from TR 45.820 is applied. All UEs are assumed indoor.

· For Relay/Legacy UEs, channel model from TR 36.843 is used.

	Remote UE dropping
	Proximate Remote UE dropping within [D1:D2] range:

· Setup 1, “Wearable Sparse”: 1 remote UE per Relay UE, D1 = 1 m, D2 = 10 m.
· Setup 2, “Wearable Dense”: 8 remote UEs per Relay UE, D1 = 1 m, D2 = 30 m.
	Uniform UE dropping according to TR 45.820.
The number of modeled UEs is a function of simulated time

	Relay UE dropping
	10 per cell
	10, 20, 40 per cell

Uniform UE dropping, all outdoor

	Legacy UE dropping
	10 per cell
	10 per cell

	Remote UE parameters
	· Number of Antennas: 1 TX, 1 RX

· Antenna gain: -4 dB

· Noise figure: 9 dB

· Maximum TX power: 23 dBm

· Duplex: Half

	Relay/Legacy UE parameters
	· Number of Antennas: 2 TX, 2 (4 optional) RX

· Antenna gain: 0 dB

· Noise figure: 9 dB

· Maximum TX power: 23 dBm

· Duplex: Full

	BS parameters
	As defined for the corresponding deployment option in TR 36.843
	As defined in TR 45.820

	Traffic model
	Both DL and UL directions are modeled

· Rel.12 D2D VoIP traffic model

· FTP traffic model 2 or 3 with 1-100 Kbyte packet size and different packet arrival rates
	UL transmission is considered with higher priority

· Periodic MAR from TR 45.820

· FTP Model 1 with packet size distribution as in Periodic MAR and packet arrival rates about 7 per second per cell

	Transmitter Imperfections
	· Apply IBE model for Cat. M1, Cat.1+ UEs defined in TR 36.843
· Apply IBE mask for Cat. N1 UEs defined in TS 36.101, Section 6.5.2F.3
· Out-of-band emission masks are applied for Cat. M1 and Cat. N1 transmissions based on requirements defined in TS 36.101, Sections 6.6.2 and 6.6.2F.

	Performance metrics
	In addition to the defined in TR 36.843, use Normalized energy efficiency:

· Defined as energy spent to transmit a bit of information measured in [power units · sec / bit]

	Power consumption
	Use the generalized relative power consumption model defined as

· Idle power = I unit per sub-frame

· Sleep power = S unit per sub-frame

· RX power = R unit per sub-frame

· TX power

· T unit per sub-frame for X dBm and below

· T·k unit per sub-frame for maximum power (23 dBm)

· Linearly scaled with transmit power between T and T·k

Values [I, S, R, X, k, T] are the following:

· Cat.1+ UE: I = 0.01, S = 0.01, R = 1, X = 0 dBm, k = 4, T = 1

· FFS Cat. M1,N1 UEs: E.g. I = 0.0001, S = 0.01, R = 1, X = 0 dBm, k = 6, T = 1
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A.1 Evaluation assumptions

A.1.1 Deployment Scenarios

	Parameters
	Scenario 1: D2D-aided wearable scenario
	Scenario 2: D2D-aided MTC/IOT scenario

	Network layout
	Modified Option 1 / Option 4 from 36.843:

ISD = 500 m, 1 / 3 indoor hotspot building per cell sector, no Pico eNB generation inside the buildings
	Option 5 from TR 36.843: ISD = 1732 m, 57 cells, wrap around

	Carrier frequency
	2 GHz for all links, FDD paired spectrum with 10 MHz per UL and DL
	700 MHz for all links, FDD paired spectrum with 10 MHz per UL and DL

	Channel model
	All propagation types are modeled using the Rel.12 D2D assumptions
	D2D links are modeled using the Rel.12 D2D assumptions.

eNB-UE channel model:

· For Remote UEs, channel model from TR 45.820 is applied. All UEs are assumed indoor.

· For Relay/Legacy UEs, channel model from TR 36.843 is used.

	Remote UE dropping
	Proximate Remote UE dropping within [D1:D2] range:

· Setup 1, “Wearable Sparse”: 1 remote UE per Relay UE, D1 = 1 m, D2 = 10 m.
· Setup 2, “Wearable Dense”: 8 remote UEs per Relay UE, D1 = 1 m, D2 = 30 m.
	Uniform UE dropping according to TR 45.820.

The number of modeled UEs is a function of simulated time

	Relay UE dropping
	10 per cell
	10, 20, 40 per cell

Uniform UE dropping, all outdoor

	Legacy UE dropping
	10 per cell
	10 per cell

	Remote UE parameters
	· Number of Antennas: 1 TX, 1 RX

· Antenna gain: -4 dB

· Noise figure: 9 dB

· Maximum TX power: 23 dBm

· Duplex: Half

	Relay/Legacy UE parameters
	· Number of Antennas: 2 TX, 2 (4 optional) RX

· Antenna gain: 0 dB

· Noise figure: 9 dB

· Maximum TX power: 23 dBm

· Duplex: Full

	BS parameters
	As defined for the corresponding deployment option in TR 36.843
	As defined in TR 45.820


A.1.2 Traffic Models

The following non-full buffer traffic models are applied:

· Scenario 1, D2D-aided wearable.
· VoIP traffic model from TR 36.843.
· FTP traffic model 2 or 3 with 1-100 Kbyte packet size.
· Scenario 2, D2D-aided MTC.
· Periodic MAR from TR 45.820.
· Consider usage of FTP Model 1 with Pareto packet size distribution as in Periodic MAR and packet arrival rates of 7 per second per cell.
Sophisticated traffic models targeting particular IoT application can be optionally considered.
A.1.3 Power Consumption Model

Use the generalized relative power consumption model defined as:
· Idle power = I unit per sub-frame

· Sleep power = S unit per sub-frame

· RX power = R unit per sub-frame

· 
TX power

· T unit per sub-frame for X dBm and below

· 
T·k unit per sub-frame for maximum power (23 dBm)

· Linearly scaled with transmit power between T and T·k

Values [I, S, R, X, k, T] are the following:

· Cat.1+ UE: I = 0.01, S = 0.01, R = 1, X = 0 dBm, k = 4, T = 1

· FFS Cat. M1,N1 UEs: E.g. I = 0.0001, S = 0.01, R = 1, X = 0 dBm, k = 6, T = 1

When stating the power consumption, the number of simulated subframes should be reported.
A.1.4 Transmitter Imperfections Modeling
A.1.4.1 In-band Emission Model

For all types of UEs except the NB-IoT, use the IBE model from TR 36.843 defined for UE operation bandwidth. For NB-IoT UE, use the IBE mask defined in TS 36.101, section 6.5.2F.3.

A.1.4.2 Out-of-band Emissions Model

Out-of-band emissions of eMTC and NB-IoT devices operating in-band or in guard-band with LTE UL system bandwidth are modeled according to TS 36.101, sections 6.6.2 and 6.6.2F.

A.1.5 Performance Metrics

Additionally to the metrics defined in TR 36.843, use a normalized energy efficiency determined as energy spent to transmit a bit of information.
· Normalized energy efficiency:
· Defined as energy spent to transmit a bit of information measured in [power units · sec / bit].
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