Page 1

3GPP TSG RAN WG1 #86
R1-167310
August 22nd – 26th, 2016 
Gothenburg, Sweden
Agenda item:
8.2
Source: 
Qualcomm Incorporated
Title: 
Sidelink Design for NR
Document for:
Discussion and Decision
1
Introduction

This contribution is an updated version of [7] submitted to RAN1 #85. Differences from previous document are highlighted using track change.

The study item on new radio access technology (NR) was approved in [1], where sidelink is considered a key component of NR. A few sidelink-based services have been identified in the RAN requirements study [2], such as V2V, V2X, and public safety communications. In this contribution, we discuss the use cases for sidelink and related transmission schemes and some physical-layer procedures.
2
Sidelink Use Cases and Requirements

LTE has developed sidelink technology in R12 for proximity services and public safety communications. In R13, UE to network relay was introduced for coverage extension. In R14, V2V and V2X communications are currently being investigated. 

NR is designed to address eMBB, mMTC, and URLLC services with extreme requirements. Sidelink could be a key component for coverage, battery life, and reliability enhancements for the services stated above. In Figure 1, sidelink communications for outdoor and indoor use cases are illustrated for eMBB use cases. In Figure 2, sidelink communications for mission critical and IoE use cases are illustrated.

[image: image8.png]\)
=)

LU
/L

“wty





Figure 1 eMBB use cases for sidelink
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Figure 2 IoE and mission critical use cases for sidelink
In one example, sidelink could be used to form relays for meters in poor coverage. In a simulation study, we evaluated a macro-cell deployment (LTE-D Option 5 in [3, Annex 2]) with 50% of meters in basement and 50% on upper floor. Multi-hop IoE devices were shown to drastically improve “tail” battery life time by relaying transmission from the basement device. In the Figure below, the 1% battery life improves from 0.5 year with WAN link to 7 years with 1 hop SL+UL and 15 years with 2 hops SL+SL+UL.
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Figure 3 IoE battery life with sidelink-based multi-hop transmission
In another example, sidelink could be utilized for opportunistic UE-UE relaying to improve eMBB throughput. A simulation study was performed for Urban Case 1-3D, (10+10)MHz FDD scenario [4, Annex 2] with full-buffer traffic. Opportunistic UE-UE relaying was shown to provide sizable throughput improvement in both DL and UL by utilizing shadow-diversity in DL and by reducing interference from cell-edge users in UL. In the Figure below, opportunistic relaying with 1 hop offers 110% increase in both the 5th and 50th percentile of the average DL rate per UE, as well as offers 240% and 40% increase in the 5th and 50th percentile, respectively, of the average UL rate per UE.
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Figure 4 eMBB throughput with sidelink-based opportunistic UE-UE relaying

Another example scenario is that sidelink could be used to provide additional source of diversity, namely, path diversity, to achieve high-reliability requirements in URLLC scenarios.  Since there is no consensus setup for URLLC evaluation in 3GPP yet, we performed our simulation study for a well-studied URLLC scenario: Factory automation. The simulation setup was established by reverse engineering WISA [5] and using an indoor radio channel model derived in a factory environment [6]. As shown in Figure 5 below, adding relays to a controller-sensor link sizably reduces the controller transmit power under the same reliability requirement. The gains become even more significant as the correlation across time/frequency diversity branches gets closer to 1.  
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Figure 5 URLLC factory automation with sidelink-based relaying 
Proposal 1: NR sidelink design should support V2V, ProSe, Public safety as defined in LTE, plus additional mesh eMBB, mesh mMTC, and mesh URLLC services.

Current LTE sidelink design has been based on broadcast messages, regardless of discovery or communications. For existing use cases, such as Proximity location services, public safety group chat or V2V, this broadcast based design is expected to be effective and efficient. For new use cases, such as the IoE/eMBB/URLLC relaying examples shown above, unicast sidelink communications could be much more efficient. NR design with unicast sidelink could be one fundamental differentiation from LTE-based sidelink design.

Proposal 2: NR sidelink design should support unicast services.

Ranging could also be enabled as one of the sidelink functionality in addition to discovery and communications. In the past decade, cellular industry has invented and standardized numerous positioning techniques based on synchronous cellular networks for emergency services such as E911. Recently, IEEE 802.11 technology has demonstrated highly accurate indoor ranging/location capability without synchronizing the APs. Since NR radio is expected to be used over wide-band licensed and unlicensed spectrum, sidelink transmission could also enable high ranging accuracy. Sidelink-based ranging/location capability could be an enabling element of mission critical and V2V services that require both reliable communications links and accurate location information.

Proposal 3: NR sidelink design should support ranging and positioning capability for new services, e.g., V2V and mission critical. 

Sidelinks are expected to share radio resources with WAN links. However, semi-static sharing as designed in LTE may limit the performance and efficiency of sidelinks. Dynamic sharing of SL/DL/UL resources would improve the performance of sidelink services, but at the same time would also mandate SL, DL and UL to share similar waveform, numerology, frame structure.

Proposal 4: NR design on waveform/modulation, numerology, and frame structure should strive to provide harmonized solution for DL, UL and SL in order to provide forward compatibility for phased introduction of sidelink features.

Sidelink is expected to have some unique PHY procedures compared to DL and UL. Each item on the following list could be used for discussion on SL design at the next level of details.

1. Timing synchronization procedure
2. Discovery procedure

3. Node selection procedure

4. Traffic scheduling procedure

5. Mobility management and paging procedure
Proposal 5: Suggest the group to study SL in terms of timing synchronization, discovery, node selection, traffic scheduling and mobility management/paging procedures.

Proposal 6: NR sidelink design should support unlicensed services. 
3
Conclusions 
In this contribution, we provided high-level analysis on NR sidelink-design principles. Based on the discussion, following proposals were made:

Proposal 1: NR sidelink design should support V2V, ProSe, Public safety as defined in LTE, plus additional mesh eMBB, mesh mMTC, and mesh URLLC services.

Proposal 2: NR sidelink design should support unicast services.

Proposal 3: NR sidelink design should support ranging and positioning capability for new services, e.g., V2V and mission critical. 

Proposal 4: NR design on waveform/modulation, numerology and frame structure should strive to provide harmonized solution for DL, UL and SL in order provide forward compatibility for phase introduction of sidelink features.

Proposal 5: Suggest the group study SL in terms of timing synchronization, discovery, node selection, traffic scheduling and mobility management/paging procedures.

Proposal 6: NR sidelink design should support unlicensed services. 
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