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1 Introduction

At the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved. The eMBB, URLLC, mMTC were identified as primary use cases for initial study work, each characterized by unique set of system requirements. In addition, ten deployment scenarios were agreed for system level evaluation in [1] that further expand target NR use cases. The deployment scenarios assume communication for broad range of carrier frequencies up to 100 GHz. In order to progress the work and evaluation, the study item on channel propagation characteristics and to establish new channel modeling framework was organized in 3GPP aiming to design unified channel modeling approach for up to 100GHz and cover different types of communication links.
The following six scenario of interest targeted for channel model design were identified and captured in TR 38.900 [2]: 1) UMi (Street canyon, open area) with O2O and O2I propagation cases; 2) UMa with O2O and O2I; 3) Indoor; 4) Backhaul; 5) D2D/V2V; 6) Other scenarios, such as Stadium and Gym. The study on channel model for above 6GHz frequencies has progressed in TR 38.900 where channel models for BS to UE communication link were defined and cover the first three (1)-(3) scenarios of interest. Scenarios (4) and (5) of TR 38.900 that include backhaul and D2D/V2V scenarios are not yet covered by the developed channel models.

In this contribution, we discuss the BS-BS and UE-UE channel modeling framework aspects which are required for further evaluation of majority usage scenarios in TR 38.913.
2 Use Cases for BS-BS and UE-UE Channel Modeling

The evaluation assumptions for the following deployment scenarios were agreed by RAN1 WG for NR study and evaluations [3]: Indoor Hotspot, Urban Macro, Dense Urban, Rural and High Speed Train. Four of five already agreed scenarios utilize carrier frequencies above 6GHz and, hence, will use new channel models.
There are many candidate technologies that may be supported by the NR air-interface and require definition of additional BS-BS and UE-UE channel models. For instance, the following system-level techniques that were studied and enabled in LTE are also applicable for New RAT optimization and should be included to the study:

· Dynamic TDD (DL/UL adaptation). In order to adapt the system configuration to possible traffic imbalance in DL and UL, the adaptation of the number of DL/UL subframes at each cell was studied in LTE Rel.-11/12 eIMTA SI/WI. The BS-to-BS and UE-UE interference are the main problems in these network scenarios, when neighbor cells use different UL-DL configurations resulting in strong inter-cell interference as it is shown in Figure 1 and discussed in details in [4]. In this case, one BS may interfere with neighbor BS and similar interference may be observed on the link between UEs associated to the neighbor cells. These interference types should be carefully studied when defining dynamic TDD technology for NR.
· In-band relaying & backhaul/access link convergence. The in-band relaying deployment is already assumed in agreed High Speed Train Scenario. Depending on relay operation design options, the Relay-Relay, UE-UE, BS-BS interference may be observed and needs to be considered in different scenarios. Therefore, these link directions should be also taken into account.
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Figure 1. Homogeneous network deployment with different DL-UL configurations

· Sidelink communication. The new type of link ‘sidelink’ was enabled in LTE to support device-to-device communication and discovery. The support of sidelink communication in NR may also require definition of BS-BS and UE-UE links in order to perform studies of different underlay network communication techniques below and above 6GHz carrier frequency.

· Vehicular communication. The support of vehicular communication requires definition of new channel links between vehicles (UE-UE), between RSUs (RSU-RSU), between vehicle and RSUs (UE-RSU), as well as traditional BS-UE channel models.
In summary, we do see many NR scenarios, where definition of additional channel models is needed to start evaluation. We believe it is very important to establish the common channel modeling framework prior to the simulation campaign start in order to enable consistent comparative study of different cellular, relaying, D2D and V2V communication technologies. In order to provide consistent evaluation methodology for any use case the further discussion on BS-BS and UE-UE link modeling is needed.
Proposal 1
· RAN1 WG to trigger discussion and work on definition of channel models for BS-BS and UE-UE links for below and above 6GHz carrier frequencies.
3 Overview of BS-BS and UE-UE Channel Modeling

Multiple studies that involve UE-UE and BS-BS links evaluation at frequencies below 6GHz were carried out during the LTE Rel.11 – Rel.14 standardization. Below we provide brief overview of the channel models used for evaluations in previous 3GPP studies.
eIMTA SI/WI [6]. In this study, channel models for the links between Macro, Pico and Femto BS nodes were defined for frequencies below 6 GHz. For Macro-Pico, Pico-Pico, Macro-Femto, Femto-Femto links the channel models defined in TR 36.814 [7] were extensively reused. For UE-UE channel modeling the paperback UE-UE large-scale channel model was taken assuming free space signal propagation at the short ranges (<50m) and non-line-of-sight propagation described with Xia’s model otherwise (>50m).
D2D SI/WI [5]. In D2D study item the direct UE-UE communication at 700 MHz and 2GHz frequencies was considered for the study. The agreed deployment scenarios includes indoor and outdoor UE deployments. For each propagation type, the separate UE-UE channel model has been defined: for outdoor-to-outdoor propagation the WINNER+ B1 channel model was taken with minor modifications; for outdoor-to-indoor propagation WINNER+ B1 and 3GPP Dual strip model were used depending on simulated scenario; for indoor-to-indoor propagation the 3GPP Dual strip and InH models were used. In order to reflect link symmetry, it was agreed to align angle-of-arrival and angle-of-departure distributions. To reflect the both nodes mobility, movement of the both nodes was taken into account in Doppler modeling. As it was discussed before [8], high UE deployment density may result in interlink dependencies, e.g. correlated shadow fading of UE-UE links. However, considering the limited time and complexity of evaluation, the simplified uncorrelated channel modelling generation procedure was agreed for particular study.
V2V SI/WI [9]. The vehicle-to-vehicle communication study performed by RAN1, assumes evaluation of broadcast data exchange between the large number of vehicle nodes densely deployed along the roads in two deployment scenarios: freeway and urban grid. For both deployment scenarios, the Winner+ B1 channel model was taken for UE-UE channel modeling. Considering the high mobility of the vehicular nodes, explicit mobility modeling was also agreed for evaluations. The considered dense vehicle deployment leads to the correlated channel properties among links at the same geographical area. However, the link-specific spatial correlation model was agreed without inter-link correlation modeling.
4 Proposal for BS-BS and UE-UE channel modeling
4.1 Pathloss Models

As it was discussed in the previous section, the channel model for BS-BS and UE-UE links should be defined to have consistent channel modeling framework across multiple studies. We propose to consider the set of pathloss models provided in Table 1 as starting point for further discussion. For BS-BS links, we consider to use TR 38.900 (5GCM) BS-UE channel model as the starting point for further discussions with proper adjustment of parameters. For UE-UE link modeling, we suggest to consider the applicability of 3GPP channel models.
Table 1. Candidate pathloss models for BS-BS and UE-UE links

	
	Indoor Hotspot
	Dense Urban
	Urban Macro
	Urban Grid
	Highway

	Macro BS - Macro BS
	N/A
	5GCM UMa BS-UE pathloss;
hUT = hMacroBS
	Freespace pathloss

	Macro BS-Micro BS, Macro-RSU
	N/A
	5GCM UMa 
BS-UE pathloss; hUT = hMicroBS
	N/A
	5GCM UMa
 BS-UE pathloss;
hUT = hRSU
	5GCM RMa
BS-UE pathloss;
hUT = hRSU

	Micro BS-Micro BS,
RSU-RSU
	5GCM InH BS-UE pathloss
	5GCM UMi
BS-UE pathloss; hUT = hMicroBS
	N/A
	Winner+ B1 
Manhattan Grid pathloss
	Winner+ B1 LOS pathloss

	UE-UE
	5GCM InH BS-UE pathloss
	Winner+ B1 pathloss or 
5GCM UMi BS-UE pathloss with modification
	Winner+ B1
Manhattan Grid pathloss
	Winner+ B1 LOS pathloss


Proposal 2
· Consider BS-BS and UE-UE pathloss models listed in Table 1 for further NR studies, where applicable
4.2 LOS Probability

The already agreed LOS probability equations may be used for BS-BS links characterization. For example, the UMa BS-UE LOS probability for outdoor users includes node height dependency and may also be used for e.g. Macro-Micro and Macro-Macro links line-of-sight condition determination. The full set of LOS probabilities equations proposed as candidates for BS-BS and UE-UE links modeling is provided in Table 2.
Table 2. Candidate Models for BS-BS and UE-UE links LOS Probability
	
	Indoor Hotspot
	Dense Urban
	Urban Macro
	Urban Grid
	Highway

	Macro BS - Macro BS
	N/A
	5GCM UMa LOS probability
	LOS propagation

	Macro-Micro, Macro-RSU
	N/A
	5GCM UMa LOS model with 
hUT = hMicroBS
	N/A
	5GCM UMa LOS model with 
hUT = hMicroBS
	5GCM RMa LOS model 

	Micro-Micro,
RSU-RSU
	Modified 5GCM InH LOS probability
	5GCM UMi LOS model 
	N/A
	Geometry-based LOS condition determination
	LOS

	UE-UE
	Modified 5GCM InH LOS probability
	5GCM UMi LOS model
	Geometry-based LOS condition determination
	LOS


Proposal 3
· Consider BS-BS and UE-UE links LOS probability modeling assumptions listed in Table 2 in further NR evaluations, according to use cases
4.3 Generation of Large-Scale Channel Parameters

For construction of BS-UE channel model the multiple channel measurement campaigns were conducted. There is a limited set of measurement campaigns for BS-BS and UE-UE links. Therefore, in order to extract large scale channel parameters for these links, the defined BS-UE channel models can be used. As a starting point and simplified approach it may be considered to utilize assumption about symmetrical propagation conditions on both ends of the BS-BS and UE-UE links.
In order to reflect the symmetrical link propagation conditions over BS-BS and UE-UE links between the nodes of the same type (i.e. Macro-Macro, Micro-Micro, UE-UE of the same height), we propose to align AOA and AOD statistical distributions (mean and std. deviation values) in the following way: for BS-BS links the AOA statistics should be set equal to the AOD and vice versa for UE-UE link (AOD should be aligned with AOA statistics).
Proposal 4
· Consider AOA and AOD statistics alignment procedure for modeling BS-BS and UE-UE links

· For BS-BS links align AOA with AOD statistics
· For UE-UE links align AOD with AOA statistics

4.4 Small-Scale Parameters Generation

For fixed BSs, the agreed 5GCM methodology could be applied. For the link between the mobile nodes, the dual mobility modeling, similar to D2D and V2V procedures should be assumed.
Proposal 5
· Consider dual mobility support for the links between mobile nodes
4.5 On Spatial Consistency of Channel Parameters
As it was discussed in our previous contribution [10], the dense BS deployment may lead to the BS-UE links channel parameters correlation. The similar behavior was also observed for UE-UE links in previous studies, however, the simplified method with independent channel parameters generation was agreed. In order to consider this effect, the sum-of-sinusoids method [11] can be considered as a candidate for proper spatial consistency modelling.
Proposal 6
· Consider inter-link spatial correlation modeling approaches in channel modeling framework
5 Conclusions

In this contribution, we discussed the BS-BS and UE-UE channel modeling framework aspects which are required for further evaluation of majority usage scenarios.
In summary we have the following proposals:
· RAN1 WG to trigger discussion and work on definition of channel models for BS-BS and UE-UE links for below and above 6GHz carrier frequencies.

· Consider BS-BS and UE-UE pathloss models listed in Table 1 for further NR studies, where applicable
· Consider BS-BS and UE-UE links LOS probability modeling assumptions listed in Table 2 in further NR evaluations, according to use cases

· Consider AOA and AOD statistics alignment procedure for modeling BS-BS and UE-UE links

· For BS-BS links align AOA with AOD statistics
· For UE-UE links align AOD with AOA statistics

· Consider dual mobility support for the links between mobile nodes
· Consider inter-link spatial correlation modeling approaches in channel modeling framework
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