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1. Introduction
In Rel-16, an initial release of sidelink is introduced in NR [1], mainly targeting eV2X services in TR 22.886 [2] and TS 22.186 [3]. In Rel-17, an enhancement for NR sidelink [4] is introduced to improve power consumption for battery limited terminals and reliability of sidelink transmissions. However, the current version of NR sidelink still cannot meet the rising market need of various new use cases, such as AR/VR, personal IoT communication, etc. In Rel-18, a new WI [5] is approved to expand the applicability of NR sidelink to commercial use cases, with the objectives cited below.
	To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
3. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· [bookmark: _Hlk89917271]Update evaluation methodology for commercial deployment scenario
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
· The exact frequency bands for both licensed and ITS-dedicated spectrum in FR1 and FR2 are to be determined based on company input during the WI.
· The exact frequency band combinations for both FR1 licensed and ITS-dedicated spectrum are to be determined based on company input during the WI.
· Frequency bands for the unlicensed spectrum in FR1 are [n46 and n96/n102] (i.e., 5GHz and 6GHz) in accordance with corresponding national regulatory requirements.
· Support of new sidelink frequency bands and band combinations should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
6. UE RRM core requirement for the new features introduced in this WI [RAN4]


The supports of unlicensed spectrum and the enhancement in FR2 are very important for commercial devices because the ITS band, which is the only spectrum available for sidelink operation currently, is limited to ITS safety related applications only. In this contribution, the motivations and applications for NR sidelink on unlicensed spectrum, as well as the impact to the NR sidelink design aspect, are further discussed.
2. Discussion
It has been a great demand in the industry for non-cellular commercial use cases, such as the personal IoT network, home automation, etc. In any case, such commercial system is installed and maintained by a consumer, not a telecom or wireless specialist/professional. Thus, a solution requiring specialized administration and management to the consumer is not possible. Such works could ideally be delegated to the operator. As a result, NR sidelink is the most suitable technology to enable 3GPP system in this market.
On the other hand, likely, these sidelink devices are not served by a same operator. Nonetheless, the current NR sidelink can only operate in the licensed band or ITS band, thus may be difficult to operate in this case. Therefore, the Rel-18 sidelink evolution WI aims to expand the sidelink operation on unlicensed spectrum.
However, currently, the study focuses on FR1 unlicensed bands. Although the support of sidelink operation on FR2 is also within the current work scope, the decision to support the combination of them (i.e., sidelink operation on unlicensed FR2 spectrum) in this WI could not be agreed during RAN#94 discussion, but postponed to later RAN meeting. 

2.1. Market opportunity
Considering the urgent market need, it would be very important to enable the sidelink beyond the FR1 spectrum. The FR1 unlicensed sidelink is helpful to launch the sidelink ecosystem, however, it should be one step moving forward to cover the FR2 unlicensed band in order to become a competitive player. 
[bookmark: _GoBack]For example, wireless docking has attracted much interest in office environment, and wireless streaming at home (e.g., streaming or mirroring the video/music from mobile/tablet to TV screen, projector, etc.) has become more and more popular. Without cables and wires, consumers can move freely around the room, while still driving the content on the display. This movement allows for more natural engagement and collaboration. The FR1 unlicensed band is less attractive for these usages due to the narrow bandwidth and crowded channel. On the other hand, the relatively underutilized millimeter-wave (mmWave) spectrum offers excellent opportunities to provide high-speed data rate, low latency, and high capacity thanks to the enormous amount of available bandwidth.
Similarly, eXtended Reality (XR) and gaming are the acknowledged killer applications for glasses, Head Mounted Displays (HMDs), etc. SA1 has identified the use cases and requirements in Network Controlled Interactive Services: NCIS (TR 22.842) [6]. Sidelink is identified as an important use case for XR, e.g., consume VR content via tethered VR headset in the interactive service. SA2 has defined the corresponding PQI (Table 1) for such kinds of requirements, where end-to-end latency is 5-10 ms and the required data rate requirement is 0.1-10 Gbps with reliability 99.99%. 
[bookmark: _Ref18591662]Table 1 New Standardized PQIs for commercial service
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	New value#1
	Delay Critical GBR
	5
	5ms

	10-4
	20000 bytes
	2000 ms
	Interactive service - consume VR content with high compression rate via tethered VR headset

	New value#2
	
	6
	10ms

	10-4
	20000 bytes
	2000 ms
	interactive service - consume VR content with low compression rate via tethered VR headset;
Gaming or Interactive Data Exchanging;



However, RAN1 has evaluated and concluded that the current release of NR sidelink cannot support the required data rate [7]. Further, currently, there is no suitable spectrum/bandwidth to support this kind of commercial service. Bands above 52.6GHz provide great potential for such low latency and high data rate transmission.
[bookmark: _Ref73557004]Observation 1: NR sidelink over FR1 unlicensed band cannot support the required data rate and/or latency requirements of many commercial use cases.  

From the market perspective, there are already many competitive technologies emerging, e.g., 802.11ad/aj/ay, WirelessHD, etc., which are also targeting the abovementioned commercial use cases. On one hand, it is important and urgent to enable NR sidelink operation in the market, to compete with these technologies. On the other hand, these existing competitors have their drawbacks, such as less robustness, smaller coverage, higher cost, etc., while the NR sidelink-based technology is more attractive because of the potentially higher performance and reliability, and better device integration level (with cellular WAN interface). The latter is very important for these commercial devices (e.g., glasses, watches, mobiles) because outdoor activities without an additional portable hotspot device (such as CPE, MiFi, etc.) are essential for them. Noted that for these kinds of devices (wearable, etc.), the battery life and processing capability can be severely constrained by the physical dimension limitations for sensors, earbuds, etc. The space is at a premium for them: even a small chip takes up valuable space. Thus a higher level of integration is greatly desirable.
[bookmark: _Ref101776800]Observation 2: There are already many competitive technologies emerging in the market.  
[bookmark: _Ref101776802]Observation 3: The NR sidelink based technology over unlicensed mmWave bands is attractive because of the potentially higher performance and reliability, and better device integration level.  

2.2. Design aspect
As discussed in the previous section, further sidelink enhancements in Rel-18 are essential to enable new market opportunities and to support additional use cases, especially the support of new and wider spectrum. The candidates for additional spectrums are summarized in the following table as well as the required standardization works:
Table 2 Candidate spectrums
	Spectrum Type
	Required Standardization work
	Note

	FR1 unlicensed band
	Resource allocation mechanism design to follow channel access requirement with omni-directional LBT
SL channel/signal structure as well as procedure optimization to accommodate LBT failure
	5G&6GHz band

	FR2-1 licensed band
	Beam management support for sidelink
Resource allocation mechanism design to fit beam management procedure
	24.25-52.6GHz

	FR2-2 licensed band
	Beam management support for sidelink
Resource allocation mechanism design considering beam management procedure
SL channel/signal and timeline adaptation to higher SCS
	63-64GHz (ITS band in Europe)
66-71GHz (IMT band)

	FR2-2 unlicensed band
	Beam management support for sidelink
Resource allocation mechanism design considering beam management procedure (with potential channel access requirement)
SL channel/signal and timeline adaptation to higher SCS
	57-71GHz



It is obvious that the required standardization works are different for different spectrum types. It is understood that the specification work may be larger if the Rel-18 sidelink WI are supported and optimized for FR2-2 unlicensed band, e.g., introducing higher SCS and additional LBT mechanism (e.g., directional LBT). However, it is worth noting that anyway LBT should be introduced for FR1 unlicensed band. Thus, a unified channel access framework can be applied to both FR1 and FR2 unlicensed bands, without any additional effort. The work of higher SCS is not mandated either, at least in Rel-18 for sidelink over FR2 unlicensed band. Therefore, it is proposed that the Rel-18 sidelink work should not preclude the support of FR2 unlicensed band.
[bookmark: _Ref73968336]Proposal 1: The Rel-18 sidelink work should not preclude the support of FR2 unlicensed band.
[bookmark: _Ref101776806]Proposal 2: A unified framework is introduced to enable sidelink operation over both FR1 and FR2-x unlicensed bands.

3. Conclusion
In the contribution, we discuss various new scenarios for NR sidelink, and observe that:
Observation 1: NR sidelink over FR1 unlicensed band cannot support the required data rate and/or latency requirements of many commercial use cases.
Observation 2: There are already many competitive technologies emerging in the market.
Observation 3: The NR sidelink based technology over unlicensed mmWave bands is attractive because of the potentially higher performance and reliability, and better device integration level.

Based on these observations, we propose that:
Proposal 1: The Rel-18 sidelink work should not preclude the support of FR2 unlicensed band.
Proposal 2: A unified framework is introduced to enable sidelink operation over both FR1 and FR2-x unlicensed bands.
4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref73524351][bookmark: _Ref18582205][bookmark: _Ref521143722][bookmark: _Ref525657760][bookmark: _Ref510367818][bookmark: _Ref18582197]RP-190766, “New WID on 5G V2X with NR sidelink”, RAN#83, Shenzhen, March 2019.
[2] [bookmark: _Ref73524405]3GPP TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”.
[3] [bookmark: _Ref18582213]3GPP TS 22.186, “Enhancement of 3GPP support for V2X scenarios”.
[4] [bookmark: _Ref101711504]RP-201516, “WID revision: NR sidelink enhancement”, RAN#89e, E-Meeting, September 2020.
[5] [bookmark: _Ref73542958]RP-220300, “WID revision: NR sidelink evolution”, RAN#95e, E-Meeting, March 2022.
[6] [bookmark: _Ref73543804]3GPP TR 22.842, “Study on Network Controlled Interactive Services”.
[7] [bookmark: _Ref73555742]R1-2009621, “Reply LS on new PQI support for PC5 communication”.

3/4
