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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 [1]. At the last RAN1#88 meeting, major agreements on evaluation methodology were made [1]. There are several remaining FFS aspects that should be resolved. In this contribution, we propose how to resolve the remaining FFS points in the evaluation methodology. Preliminary evaluation results which are based on this methodology are presented in our contribution [3]. Our views on design aspects that should be analyzed during the study item are provided in our companion contributions [4]-[7].
2 Remaining Details of Channel Modeling
The following channel models were agreed at the last meeting for FeD2D evaluations:
	· Channel model

· Scenario 1:

· Reuse channel models defined in TR 36.843

· For distance <3m 

· Downselect between the following two alternatives at the RAN1#88bis

· Alt. 1: Use pathloss value calculated at 3 m distance for the cases when actual distance is less than < 3 m. Further discuss if LOS or NLOS model should be applied for distances < 3m.

· Alt. 2: Use free space pathloss for the distances below 3m

· Scenario 2:

· Remote UE – eNB channel model

· Use TR 45.820 model assuming all UEs are indoor

· Relay UE – eNB channel model

· Use TR 36.843 assumptions

· UE – UE channel model

· For channel modeling in scenario 2, Relay UE – Remote UE and Remote UE – Remote UE and Relay UE - Relay UE use the TR 36.843 models as a working assumption and revise at RAN1#88bis if any issue found.


There are two remaining open issues: UE-UE channel model for < 3 m, and potential channel model modification for Scenario 2 taking into account, that Remote UEs are placed deep indoor. These two issues are discussed separately in subsections below. Additionally, a clarification to eNB-UE channel modeling is provided.
2.1 UE-UE Channel Model for Small Distance 
As it was pointed out in [8], there is no UE-UE channel model defined for distances < 3m in TR 36.843. The pathloss models used for O2O and I2I propagation and defined in D2D TR 36.843 are shown in Figure 1. In addition the free-space pathloss is also shown.
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Figure 1. LOS pathloss for D2D channel models (TR 36.843).

As it can be seen, at the concerned distances the model always follows the free-space propagation for O2O, i.e. the Alt.2. However, for I2I the ITU InH pathloss model provides a bit better values in regions of > 2 meters. This may be explained by non-spherical energy dissemination in indoor environment and multiple reflections contributing to received power.
The NLOS pathloss is not analysed here since the TR 36.843 LOS probability formula has a break point on 18 meters and always provides LOS for the small distances.
Currently, there is no channel model measurements available for the small UE-UE distances. Also taking into account the near/far field considerations of electromagnetic waves propagation, it is reasonable to stay in the far field assumptions for modeling, i.e. roughly 10 × λ. This provides 1.5 m and 4.3 m distances for 2 GHz and 700 MHz respectively. Thus, the distances below 1 meter should not be considered for Scenario 1, and distances below 3 m should not be considered for Scenario 2.
Proposal 1

· Extend applicability of UE-UE channel models from TR 36.843 to distances between 1 and 3 meters.
· For Scenario 1, at distances below 1 m apply pathloss calculated at 1 m.
· For Scenario 2, keep the 3 meter UE-UE minimum distance.
2.2 Clarification on UE-eNB Channel Model for Scenario 2

The TR 45.820 specifies a propagation model for 900 MHz and a building penetration loss model. As it can be checked the propagation loss model is the same as the one used for Public Safety scenarios in TR 36.843, but recalculated for a fixed carrier frequency assumption of 900 MHz. Therefore, comparing to the Rel.12 assumptions, only building penetration loss should be reconsidered. Currently, the TR 36.843 model assumes 20 dB building penetration loss for all I2O links. The new model provides a distribution in range of 0-50 dB with 20 dB mean value (see Figure 2).
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Figure 2. Building penetration loss CDF for TR 45.820 models.

In order to limit the number of potential evaluation combinations, we propose to select the Scenario 2 building penetration loss with inter-site correlation of 0.75 as per TR 45.820.
Proposal 2
· The eNB – Remote UE channel model is defined as outdoor LOS path loss for 700 MHz and ISD = 1732 m deployment options from TR 36.843 plus a building penetration loss calculated according to Scenario 2 from TR 45.820.
2.3 UE-UE channel model for Scenario 2

The another FFS from the previous meeting indicates that due to application of a new eNB – Remote UE channel model, it should be studied whether to modify the UE – UE channel model considering additional penetration loss on Remote UE links.

In the previous section, we discussed the building penetration loss modeling for eNB – Remote UE links in Scenario 2. For Remote UE – UE links we propose to replace the 20 dB penetration loss by the procedure of building penetration loss (BPL) calculation as for the eNB – Remote UE links.
Since it is proposed that Remote UEs are all indoor and Relay UEs are all outdoor, the Remote UE – Relay UE will experience the building penetration only once, while for Remote UE – Remote UE links, the building penetration on both sides should be included.

Proposal 3
· For UE – UE channel modeling, replace each value of 20 dB penetration loss by the statistical BPL value calculated according to Scenario 2 from TR 45.820.

· No spatial correlation of building penetration loss for UE – UE links.
3 Remaining Details of UE Dropping
The following agreements were reached at the last meeting:
	· UE dropping

· For Scenario 1, at least proximate Remote UE dropping is supported

· The dropping procedure ensures each Relay UE has M remote UEs in proximity of [D1,D2]

· D1 and D2 are defined in distance range. D1 is the minimum distance between relay UE and UE, D2 is maximum distance

· For Scenario 2, independent dropping of relay, and remote UEs is supported

· FFS is legacy UEs are dropped

· UE dropping parameters

· Number of Relay UEs, N

· Scenario 1: N = 10 per cell

· Scenario 2: N = 20, [10, 40] per cell

· Number of Remote UEs, M

· Scenario 1: M = 1, 2, [4, 8] per relay UE

· Scenario 2: M = [70] per cell
· Further discuss and conclude on additional numbers in brackets at the next meeting RAN1#88bis

· D1, D2

· D1 is FFS
· D2 is FFS: Scenario 1: 10, 15, 30 m; Scenario 2: 100 m

· Continue discussion and conclude on D1 and D2 for Scenario 1 at the RAN1#88bis


In order to resolve the remaining FFS points, we discuss the two scenarios separately in the following subsections.
3.1 Scenario 1

For Scenario 1, the 10 relay UEs were already agreed. As for the number of Remote UEs, we propose to keep two different densities: 1 UE and 4 UEs. Alternatively, fixed number of connections could be evaluated with different proportions of Relay UEs per cell and number of Remote UEs per Relay UE: N = 10, M = 2 and N = 5, M = 4.
As for the D1 and D2 values, the minimum distance may be either set to the minimum valid distance for pathloss calculation or be fixed to zero. In case of the zero value, the pathloss still should be calculated based on the minimum distance.
Proposal 4
· For evaluations in Scenario 1 use the following parameters:
· Number of Relay UEs: N = 10;
· Number of Remote UEs: M = 1, 4;
· Min and max distances between UEs: D1 = 0, D2 = 10 m.
3.2 Scenario 2

For Scenario 2, the Remote UEs were agreed to be indoor (virtual indoor UEs). In such scenario, outdoor UEs which have much better propagation conditions are likely to be a relay candidates. Therefore, we propose to drop all Relay UEs outdoor, otherwise we will need to discuss whether Relay and Remote UEs are dropped in the same building or not and additional define channel model for such case.
Proposal 5
· In Scenario 2, all Relay UEs are dropped outdoor.
For the number of Relay UEs, we propose to use 20 as a baseline, while 10 or 40 may be also optionally considered. The values D1 and D2 should not apply to Scenario 2 since it assumes that Relay UE is discovered from all available UEs without any restriction on UE-UE distance. The restriction on Relay UE selection may be a part of solution space in this case.
Proposal 6
· For Scenario 2:

· N = 20. Other values can be considered optionally.

· M = 70. Other values can be considered optionally.

· D1 and D2 are not applied.
3.3 On Legacy UE Dropping

Currently there is an FFS, whether to drop legacy type of UEs in order to consider mutual impact of D2D and cellular communication. We further note that this impact can be captured already since Relay UEs need to perform in-band relaying. In addition the mutual impact between D2D and cellular transmission can be avoided by eNB implementation including different resources and power control for D2D transmission. Therefore, in order to simplify analysis the dropping of legacy UEs may be avoided.
Proposal 7
· In order to simplify study, the legacy cellular UEs are not considered in Scenario 1 and Scenario 2 evaluations.
4 Remaining Details of UE Power Consumption Modeling
For bandwidth limited terminals, 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 for bandwidth limited devices the 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+.
As for the RX state mode, the limited bandwidth and data rate would also provide lower values. In [12], the values for NB-IoT types of devices were provided. The model provides ~6 times difference of RX state and TX max power state and also ~30 times difference in RX state and sleep state.
From all the above considerations we propose to assume that RX state for bandwidth limited UEs is two times less power consuming that the normal UE. Next, assume that at X = 0 dBm, the power consumption is the as for RX state and at the maximum power it is 6 times higher. The idle mode is ~30 times less power consuming that the RX state and even further lower for the deep idle mode.
Proposal 8
· Values [I, S, R, X, k, T] are the following for lower capable devices:
· Low capable UEs: E.g. I = 0.0001, S = 0.017, R = 0.5, X = 0 dBm, k = 3, T = 0.5
5 Miscellaneous Clarifications

Since the TR 45.820 which is used for eNB – UE channel model uses different assumptions on eNB parameters, we would like to clarify that the Rel.12 assumptions from TR 36.843 for Option 5 (large ISD) should be reused in this case.
Additionally, the system bandwidth for UL, DL, SL operation is missed from the agreements. We propose to also reuse the Rel.12 assumptions, i.e. consider 10 MHz for UL/SL and 10 MHz for DL.

Proposal 9
· For both considered deployment scenarios, reuse eNB parameters according to Rel.12 D2D assumptions.
· The system bandwidth of 10 MHz is used for UL/SL and DL carries.
6 Summary

In this contribution, we provided our views on remaining open details of FeD2D evaluation methodology. Based on the provided discussion, we the following proposal to close remaining open details of FeD2D evaluation assumptions:
Proposal 1

· Extend applicability of UE-UE channel models from TR 36.843 to distances between 1 and 3 meters.
· For Scenario 1, at distances below 1 m apply pathloss calculated at 1 m.
· For Scenario 2, keep the 3 meter UE-UE minimum distance.
Proposal 2

· The eNB – Remote UE channel model is defined as outdoor LOS path loss for 700 MHz and ISD = 1732 m deployment options from TR 36.843 plus a building penetration loss calculated according to Scenario 2 from TR 45.820.
Proposal 3
· For UE – UE channel modeling, replace each value of 20 dB penetration loss by the statistical BPL value calculated according to Scenario 2 from TR 45.820.

· No spatial correlation of building penetration loss for UE – UE links.
Proposal 4
· For evaluations in Scenario 1 use the following parameters:
· Number of Relay UEs: N = 10;
· Number of Remote UEs: M = 1, 4;

· Min and max distances between UEs: D1 = 0, D2 = 10 m.
Proposal 5
· In Scenario 2, all Relay UEs are dropped outdoor.
Proposal 6
· For Scenario 2:

· N = 20. Other values can be considered optionally.

· M = 70. Other values can be considered optionally.

· D1 and D2 are not applied.
Proposal 7
· In order to simplify study, the legacy cellular UEs are not considered in Scenario 1 and Scenario 2 evaluations.
Proposal 8

· Values [I, S, R, X, k, T] are the following for lower capable devices:

· Low capable UEs: E.g. I = 0.0001, S = 0.017, R = 0.5, X = 0 dBm, k = 3, T = 0.5
Proposal 9
· For both considered deployment scenarios, reuse eNB parameters according to Rel.12 D2D assumptions.

· The system bandwidth of 10 MHz is used for UL/SL and DL carries.
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