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Introduction

In RAN#102 [1], the scope and objectives of the Study Item (SI) on channel modelling for Integrated Sensing and Communication (ISAC) for NR was discussed and agreed. 

In this contribution, we provide our views about the aspects related to deployment scenarios that RAN1 should discuss and agreed for 5G NR based ISAC channel modeling SI. The contribution is organized as follows: in Section 2, recommendations to structure and bound (in a feasible manner) the work and tasks in the aforementioned SI are provided. Specific aspects of some deployment types of potential relevance and/or interest for automotive/ISAC (and other verticals) perspective are presented in Section 3. Section 4 closes the contribution with a summary and final remarks.

Scope and Workflow

The overall framework of ISAC is a novel and rich paradigm that promises interesting opportunities for 5G from both business and technology-enhancement perspective [2]. Indeed, enabling support of sensing operations in 5G NR (objects or sensing targets not necessarily connected to the system) is welcome by many industry sectors not only to address several use cases and to exploit commercial opportunities, but also to start the learning curve towards beyond-5G.
In [3], basic terminology and definitions are provided together with functional requirements for 5G wireless sensing service. In our view, that content is complete and sufficient to achieve the goals of this SI. Consequently, 1) according to the definition of ‘3GPP sensing data’ [3, 4], and 2) similarly to the existing 5G positioning operation, sensing results are most likely not expected to be available to/in the Radio Access Network (RAN), at least not immediately, but at some 3GPP wireless sensing service entity at the core network. Therefore, we consider appropriate to make clear that, decisions/agreements made later in this SI should take into consideration that 5G ISAC focuses only on sensing as service and not on sensing-aided communications, which is another potential application of sensing data/results. Indeed, this is consistent with [1]:

	If sensing capability is integrated into the design of the system, sensing may be offered as a service alongside communications.





Proposal 1: Decisions and agreements made by RAN1 in this SI (FS_ISAC_NR) should be based on and consistent with the assumption that the ISAC SI targets “sensing as a service” as priority.

Table 1. Reference/possible mapping of deployment types and sensing modes to different classes of sensing targets.  

Another aspect is the organization of this discussion in RAN1#116. Although two clearly differentiated agenda items have been defined (‘deployment scenarios’ and ‘channel modeling’), it should be noted that in practice, and to a certain extent, the outcome of ‘deployment scenarios’ could affect ‘channel modeling’ significantly. This was pointed out in Edinburg (RAN#102) and was intensively debated. Therefore, we also consider convenient to achieve a certain convergence in terms of deployment scenarios, such that the channel modeling task can be focused accordingly. Different deployment scenarios could lead to significant differences in terms of channel modeling efforts, resulting models, and degrees of compatibility with respect to the baseline models in [5]. Since [3, 4] already contains a collection of use cases with Key Performance Indicators (KPIs) and requirements identified per sensing service groups), a first task to be addressed is to identify (and possibly prioritize/merge)  deployment scenarios to support 5G-based ISAC operation, which according to the SI description [1], is focused on object detection and/or tracking with (sensing) targets including Unmanned Aerial Vehicles (UAV), humans (in indoors and outdoors), automotive vehicles, Automated Guided Vehicles (AGVs), and objects creating hazards on roads/railways. Currently, several 3GPP documents [5-7]  describe different deployment options with different levels of detail. Table 1 provides a consolidated view of the relevant deployment options (from sensing perspective) as well as a potential mapping/simplification to be used as a reference for the 5G ISAC channel modelling SI. Table 1 is intended to serve as a reference or starting point for the exercise of discussing deployment scenarios and evaluation of candidate channel models for 5G ISAC. 

Proposal 2: For the different sensing targets, consider the prioritization in terms of deployment types and sensing modes shown in Table 1. 

The motivation and intention of Proposal 2 is that most of the deployment types and sensing modes will be considered (some sensing modes have particular advantages in certain sensing applications), without need for a detailed and lengthy all-to-all discussion.

Another important aspect to agree at the beginning of the SI is the set of essential features related to the different deployment scenarios, e.g., dimensions/layouts, frequency bands, radio interfaces, mobility, density and distribution of both sensing targets and sensing nodes, etc.  In our view, the objective is not to start a use-case-description type-of discussion, as this is already available in [4]. Instead, the goal should be to identify an essential/minimal set of parameters that allows a consistent evaluation of channel models, and sensing operation afterwards.  These principles are well-aligned with the objective of the SI [1] and fundamentally aim at avoiding divergence as this topic is extremely broad. These ideas are illustrated in Figure 1. 


Figure 1. Proposed workflow for the RAN1’s 5G ISAC Study Item (FS_ISAC_NR).

Proposal 3: For the work to be done in the ISAC SI (FS_ISAC_NR), consider the work segmentation/division illustrated in Figure 1.

Deployment Types for Automotive/ISAC

In this section, we provide several high-level considerations for potential Automotive/ISAC deployments. 
Two fundamentals (initial) goals of sensing operations in automotive are providing better environment/surroundings perception and protection of vulnerable road users. From surroundings perception point of view, existing automotive sensing systems include automotive radar, cameras, Lidars, etc. These systems are fundamentally monostatic (ego-based operation), and practical scenarios include all driving situations, e.g., leaving/finding a parking slot (very slow speed) at indoors or outdoors, driving in dense urban roads/avenues (low-medium speeds), and driving in highways (high speed). With the advent of ISAC, and taking into consideration:
· the existing almost ubiquitous cellular coverage on roads, and 
· the fact that (gNB- or UE-type-of) Road Side Units (street level deployments) featuring ISAC would provide a substantial benefits (both for communication and sensing), particularly in urban scenarios,
we consider important that the resulting channel model(s) is(are) feasible/validated for detection and tracking of automotive vehicles and hazardous objects on roads (for collision avoidance) as well as humans/pedestrians or humans-on-bikes/scooters/wheelchair, etc. (for vulnerable road users protection). Bearing in mind the previous, it would be natural that deployment types considered so far in 3GPP (e.g., urban grid for connected vehicles and highway scenarios [6, 7]) are used as starting point for the ISAC discussion. In addition, other important case, not very often discussed within the V2X framework, but involving vehicles (e.g., heavy duty) include off-road scenarios. Table 2 complements Table 1 by identifying sensing nodes involved in the different deployment types as well as the potential interface that can be used. 



Table 2. Initial description and aspects to be considered for Automotive/ISAC scenarios. The blue-shaded part is proposed to be considered, e.g., specific sensing nodes, interfaces, and off-road scenarios.

As it can be seen from Table 2, 5G sensing scenarios involving vehicles include both in- and out-of-coverage situations, with different possibilities in terms of sensing modes, thus leading to the need for considering conventional indoor/pico/micro/macro deployments (gNBs) as well as deployments for sensing based on UE only. 

Proposal 4: Automotive-relevant ISAC services include, at least, the scenarios indicated in Table 2. These involve both outdoor and indoor situations, in- and out-of-coverage, and potentially supported by Uu- and/or PC5-based sensing. 


Summary 

In this contribution, our initial views about deployment scenarios aspects affecting the ISAC channel modeling work have been provided. The following proposals have been made:

Proposal 1: Decisions and agreements made by RAN1 in this SI (FS_ISAC_NR) should be based on and consistent with the assumption that the ISAC SI targets “sensing as a service” as priority.

Proposal 2: For the different sensing targets, consider the prioritization in terms of deployment types and sensing modes shown in Table 1. 

Proposal 3: For the work to be done in the ISAC SI (FS_ISAC_NR), consider the work segmentation/division illustrated in Figure 1.

Proposal 4: Automotive-relevant ISAC services include, at least, the scenarios indicated in Table 2. These involve both outdoor and indoor situations, in- and out-of-coverage, and potentially supported by Uu- and/or PC5-based sensing. 
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