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Introduction
[bookmark: _GoBack]Rel-16 specification work, 5G V2X with NR sidelink WI [1], is designed to support advanced V2X services over the NR PC5 and Uu interfaces. Rel-17 work, in the NR sidelink enhancement WI [2], is currently developing sidelink mode 2 resource allocation enhancements on reduced power consumption, reliability and latency, as well as SL-DRX, with consideration on use cases for public safety and commercial in addition to V2X. However, the higher demands of use cases for eMBB-based application and vertical industry such as wireless video monitoring (video surveillance), indoor experience and interactive services, e.g. XR, cannot be supported based on current Rel-16/17 framework.
At RAN Rel-18 workshop, following example areas were identified for future discussion for Rel-18 SL enhancement [3]:
· SL enhancements (e.g., unlicensed, power saving enhancements, efficiency enhancements, etc.)
· SL relay enhancements
· Co-existence of LTE V2X & NR V2X
Further inputs were provided into RAN Rel-18 email discussion, where a number of topics were noticed with high interests among IMs.
During RAN Rel-18 email discussion, we share with majority view that SL relay enhancement should be discussed separately, i.e. a separate WID to general SL/V2X enhancement, thus this will be discussed in our companion contribution.
We further provide our views based on the outcome of RAN Rel-18 email discussion in this contribution.
Outcome of Rel-18 email discussion
  Moderator’s conclusion
	Based on Moderator’s final summary [4], it is recommended by the Moderator to consider the following as the first candidate topics (non-controversial):
Sidelink carrier aggregation
· Include at least aggregating licensed/ITS carriers in FR1 (intra-band and inter-band).
· Continue discussion on whether/how to handle other carriers (unlicensed and FR2)
· Rel-15 LTE sidelink carrier aggregation (including packet duplication) is the baseline. Continue discussion on the detailed work scope, e.g., whether to introduce new features not specified in Rel-15, etc.
· Leading WG: RAN1, Secondary WGs: RAN2, RAN4
· SA/CT impacts: TBD
Sidelink in FR1 unlicensed band and/or FR2 licensed band
· Decide later (during or after RAN#93e) which option(s) to support as the enabler of wide sidelink bandwidth
· Option 1: Support of sidelink communication in unlicensed band for FR1
· Continue discussion if the operation scenario can be limited in Rel-18, e.g., unlicensed stand-alone operation / LAA, Mode 1 / Mode 2, etc.
· Continue discussion on the detailed work scope, e.g., channel access, modification of SL resource allocation, new PHY structure, updates to PHY/MAC procedure like HARQ/CSI/power control, COT sharing, etc.
· Option 2: Enhancements of sidelink communication in licensed band for FR2
· Continue discussion if the operation scenario can be limited in Rel-18, e.g., NSA only or SA only, etc.
· Continue discussion on the detailed work scope, e.g., sidelink beam management, FR1-assisted operation, CSI enhancement, multiple panels, sensing for beam monitoring, etc.
· Leading WG: RAN1, Secondary WGs: RAN2, RAN4
· No SA/CT impacts are expected.
It is further recommended by the Moderator to consider the following as the first candidate topics (controversial):
Enhancements for sidelink power saving
· Base the discussion on the assessment on the work load of the topics in the first set.
· Identify manageable potential solutions starting from those discussed in this thread such as UE-scheduling another UE (may also improve reliability and efficiency), enhancements to address new Rel-18 features (e.g., SL CA), WUS, flexible BW/BWP, PA-less/VLP devices, PSFCH power saving, groupcast power saving, reduction of TB transmission time, etc.

Co-channel coexistence of LTE sidelink and NR sidelink
· Discuss whether to include a feasibility study on the two alternatives discussed in this thread.
· Alt 1: Resource pool separation between the two RATs
· Alt 2: Dynamic resource sharing using overlapping resource pools between the two RATs.
· This alternative should be considered under the Rel-16 in-device coexistence framework.



  Discussion on moderator’s conclusion
On sidelink carrier aggregation
Firstly, the NWM discussion here was controversial around whether the topic was of high enough priority in case of being limited to only FR1, and consequently what bands should be included. The benefit and necessity of SL CA for licensed/ITS carriers in FR1 alone is not justified for Rel-18 work, in our view. This same case was discussed during Rel-17 scope discussion, and was not included in the final Rel-17 WID objectives, due to the limited available bandwidth for sidelink operation on licensed/ITS carriers. In Rel-18, we also consider the relationship with and TU needs of other sidelink enhancements. It is sufficient for Rel-18 to see CA only within the unlicensed sidelink framework, including FR1 license-assisted operation for unlicensed carriers in FR2.2. Thus, we suggest that RAN should look at what additional spectrum in addition to those in Rel-16/17 can be included for design purposes in Rel-18, and then decide whether this topic is included. 
If SL CA is applicable to extended spectrum in Rel-18, LTE Rel-15 SL CA design can be a starting point, with further consideration on new features beyond LTE V2X, such as HARQ feedback operation. We also see the need of cross-carrier scheduling in sidelink, where at least resource reservation information can be indicated in a reliable CC, such as a FR1 CC scheduling FR2 CCs, a licensed CC scheduling unlicensed CCs, etc.
Proposal 1: Sidelink carrier aggregation can be considered in Rel-18 only if unlicensed band including FR2.2 is included.

On sidelink in FR1 unlicensed band and/or FR2 licensed band
We observe significant interest on supporting multi-Gigabits/s services during the email discussion. In Rel-16, sidelink FR1 and FR2 are jointly considered, e.g. numerology design, SL-PT-RS. On the other hand, we think unlicensed FR1 alone is insufficient to on support simultaneous multi-Gigabits/s transmission, detailed analysis can be found in Appendix 4.2.1. Given that much wider bandwidth can be obtained in higher frequency bands, sidelink operation on 60 GHz unlicensed spectrum is more preferable than on FR1 to achieve multi-Gigabit/s user throughput. 
In addition, the NR Uu design, by the end of Rel-17, will cover both licensed and unlicensed for FR1 and FR2/FR2.2. With these, Rel-18 can directly consider both FR1 and FR2.2, taking designs from Uu including NR-U on accessing unlicensed spectrum and sidelink as a starting point for joint unified framework, and thus the workload would be under control. It is also possible to allocate 1-meeting phase to identify what can be reused from existing design, with only necessary modification for sidelink.
Whilst we support including SL unlicensed in Rel-18, it is better to start from a proposal which attempts to define how to include FR1 and FR2.2 in the release, rather than an avoidable down-selection between the FRs in the first place. And if we further take into account additional workload of FR2.2, we can focus on cases which can be addressed with a wide beam even in FR2.2. With such principles, the scope can be suitably limited.
Proposal 2: Support a unified design framework for sidelink operation over FR1 and FR2.2 unlicensed spectrum. Beam management specification can be limited to 60 GHz unlicensed bands, and applications which can be addressed with a wide beam.
· Reuse existing Uu (including NR-U) and sidelink frameworks with only necessary modification on physical layer structure and procedure, resource allocation schemes including both mode 1 and mode, synchronization, etc.
On enhancements for sidelink power saving
Given that Rel-17 already specified SL-DRX and power-efficient resource allocation schemes to reduce power consumption, it may not be urgent to have Rel-18 work which is solely for further reduce power consumption. Moreover, it is not yet justified that Rel-17 designs are insufficient in targeted Rel-18 uses cases.
However, UE scheduling of another UE, including operations under network control in mode 1, can improve reliability and efficiency in addition to power saving to reduce sensing consumption. Taking into account the overall workload in Rel-18, it is possible to consider UE scheduling of another UE (extended to mode 1 operation) which is essential to meet high reliability requirement to support higher-degree of automation uses cases as defined in both 3GPP and 5GAA. 
Proposal 3: Taking into account overall workload in Rel-18, UE scheduling of another UE at least under mode 1 can be included in Rel-18 to improve reliability and efficiency, as well as benefiting power consumption. 
On co-channel coexistence of LTE sidelink and NR sidelink
There is an industrial demand on deployment flexibility given that the dedicated V2X spectrum is scarce in some regions, thus co-channel existence of LTE V2X and NR V2X needs be considered in Rel-18. However, NR and LTE sidelink are designed based on two different RATs, we only see feasibility in an inter-device co-existence manner, i.e., a similar function defined in Rel-16; otherwise workload will be extremely high.
With building within the Rel-16 in-device coexistence framework, both Alt 1 and Alt 2 from the moderator’s summary can be possible technical solutions which can be decided at WG-level.
Proposal 4: LTE-V and NR-V co-channel coexistence is supported under network management assuming the Rel-16 sidelink in-device coexistence framework.
Conclusions
In this contribution, motivations and possible technical consideration for NR sidelink and V2X enhancements fin Rel-18 are discussed, where we have provided following observations and proposals:
Proposal 1: Sidelink carrier aggregation can be considered in Rel-18 only if unlicensed band including FR2.2 is included.
Proposal 2: Support a unified design framework for sidelink operation over FR1 and FR2.2 unlicensed spectrum. Beam management specification can be limited to 60 GHz unlicensed bands, and applications which can be addressed with a wide beam.
· Reuse existing Uu (including NR-U) and sidelink frameworks with only necessary modification on physical layer structure and procedure, resource allocation schemes including both mode 1 and mode, synchronization, etc.
Proposal 3: Taking into account overall workload in Rel-18, UE scheduling of another UE at least under mode 1 can be included in Rel-18 to improve reliability and efficiency, as well as benefiting power consumption.
Proposal 4: LTE-V and NR-V co-channel coexistence is supported under network management assuming the Rel-16 sidelink in-device coexistence framework.
Appendix
Targeted use cases for Rel-18
Commercial use cases
The sidelink can be used for use cases such as interactive services for AR/VR, HMD connected to smart phones, etc. As the development of new devices (e.g. VR/AR devices, robot, etc.), 3GPP TR 22.261 defines audio-visual interaction, e.g. AR/VR application, including online XR gaming and interactive data sharing between variable devices, which requires Gbps user-experienced data rate with low latency < 10ms at 99.99% reliability, as shown in Table 1. 
[bookmark: _Ref72738705]Table 1 Performance requirements for AR/VR (from TS 22.261)
	Use Cases
	Characteristic parameter (KPI)

	
	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability

	Gaming or Interactive Data Exchanging 
NOTE: Communication includes direct wireless links (UE to UE).
	10ms
	0.1-[1] Gbps supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
	99.99%

	Consume VR content via tethered VR headset
NOTE: The performance requirement is valid for the direct wireless link between the tethered VR headset and its connected UE.
	[5 -10] ms 
	0.1-[10] Gbit/s  
	[99.99%]


A typical deployment, for instance, as illustrated in Figure 1, where complex computation, video encoding and compression, and cloud-rendering are undertaken in the connected smart phone and network. In this case, we can have a low-cost VR headset with less computation capability and less power consumption, which can avoid overheating and heavy-weight. To guarantee user experience for XR services, Motion-to-Photons (MTP) latency has to be less than 20 ms, and this means PDB of a single sidelink transmission needs be less than 10 ms. For a lightly-compressed I-frame carrying 8K/16K (90 fps, 6:1) video data, this would require at least 2 Gbps data rate for a single sidelink transmission.
[image: ]
[bookmark: _Ref81042169]Figure 1. A VR headset device is connecting to a smart phone for XR services
However, these requirements cannot be fulfilled in Rel-16/17. TS 38.306 defines maximum data rate for sidelink as:

Given a single sidelink carrier, maximum 40 MHz bandwidth, maximum 2 layer transmission, and 256-QAM for Rel-16/17, it can only support a maximum data rate around 400 Mbps.
0. V2X use cases
TS 22.186 defines an extended sensors use case group, including cases of sensor and video information between UEs supporting V2X application, which requires 700 Mbps – 1000 Mbps data rates up to 200 meters. It is also required to meet 99.99%-99.999% reliability for higher degree of automation V2X operation (e.g. autonomous driving (L4+) to support at minimum 200ms communication range, as shown in Table 2.
Table 2 Performance requirements for extended sensors (from TS 22.186)
	Communication scenario description
	Max end-to-end
Latency (ms)
	Reliability (%)
	Data rate (Mbps)
	Min required communication range (meters)

	Scenario
	Degree
	
	
	
	

	Sensor information sharing between UEs supporting V2X application
	Higher degree of automation
	3
	99.999
	50
	200

	
	
	10
	99.99
	1000
	50

	
	
	
	
	
	

	Video sharing between UEs supporting V2X application
	Higher degree of automation
	10
	99.99
	700
	200


In addition to 3GPP defined use cases and requirements, from industrial point of view, 5GAA also defines a number of uses cases of which reliability requirement is very high (99.99+%)[9], as shown in Table 3. Furthermore, 5GAA proposed to support vehicle density of 12000 vehicles per km2 for urban scenario, the reliability and capacity are extremely challenge in the high density cases.
Table 3 Performance requirements from 5GAA (C-V2X Use Cases Volume II)
	Use case: Automated Intersection Crossing 

	Service Level Reliability  %
	99.9999
	High reliability is needed due to safety reasons.

	Use case: Remote Automated Driving Cancellation (RADC)

	Service Level Reliability  %
	99.999
	Reliability to be reached until the HV arrives at the QoS degradation area.

	Use case: Tele-Operated Driving 

	Service Level Reliability  %
	From Remote driver
to HV: (Very high) 99.999
	From remote driver to HV: The transmission of
commands or paths from the remote driver requires a
very high level of reliability because this affects the safe
and efficient operation of the AV.

	Use case: Tele-Operated Driving for Automated Parking

	Service Level Reliability  %
	From remote driver
to HV: 99.999
(Very high)
	From remote driver to HV: The transmission of
commands or paths from the remote driver requires a
very high level of reliability because this affects the safe
and efficient operation of the AV.

	Use case: Group Start 

	Service Level Reliability  %
	99.999
	Corresponds to the high probability of this use case being successfully applied.


However, RAN1 has conducted extensive evaluations on mode 2 reliability and latency enhancement and provided to RAN detailed evaluation results [10]. Even with reliability enhancement scheme such as inter-UE coordination in Rel-17, it is challenging to meet 99.9%+ reliability for the typical highway or urban deployment (as defined in TR 37.885). For example, in our evaluation (see assumption in the Appendix), as shown in Figure 2.
[image: ]
[bookmark: _Ref73194855]Figure 2. Average PRR performance for Highway scenario with mixed periodic and aperiodic traffics
Technical considerations
Sidelink operations over unlicensed spectrum
Due to single sidelink carrier and limited bandwidth for Rel-16/17 sidelink (maximum 40 MHz in practice), it is impossible to satisfy the use cases identified in section 2.1.1. These issues can be addressed by utilization of unlicensed spectrum due to its wider available bandwidth. 3GPP has already finished NR-U in 5 GHz and 6GHz unlicensed band and started a WI extending current NR operation to 71 GHz [6], targeting unlicensed spectrum from 57 GHz to 71 GHz, which should be considered for sidelink operations. 
Allocation of unlicensed spectrum is different in each region, e.g. in China, only 5150-5350 MHz and 5725-5850 MHz within the 5 GHz band are authorized. With the assumption that sidelink carrier aggregation can be supported to enable the aggregated 350 MHz bandwidth to be utilized for sidelink communication, given maximum supported spectrum efficiency of 7.4 bps/Hz in Rel-16/17, it is only possible to support a single sidelink transmission to meet 2+ Gbps data rate requirement, i.e. it is challenging to support simultaneous transmissions to multiple UEs, such as scenario in Figure 3.
[image: ]
[bookmark: _Ref81042216]Figure 3. A HD smart TV is connecting to multiple VR headsets
Fast beam alignment, including beam tracking and beam recovery to achieve better spectrum efficiency, especially for high mobility devices, is important, e.g. in V2X cases or interactive XR services. In addition, FR1 has better coverage than FR2 as known, and FR1 has easy operation to support broadcast and groupcast without requiring complex beam sweeping, then mmWave sidelink can be assisted from FR1 sidelink, e.g. on the aspects of initial link establishment, beam failure recovery, etc..
Given that LBT is mandated in some regions to facilitate co-existence between radio equipment with different radio access techniques (e.g. LAA, NR-U, NR-U-60, 802.11ac/ad/ax/ay/be, etc) sharing the same unlicensed spectrum. This will have a significant impact on current sidelink framework defined in Rel-16/17. The SL transmission could be restricted, in terms of channel access priority, MCOT, COT sharing, interlaced RB, etc., which will have impact on current slot and sub-channel structure in a resource pool. In addition, the one-to-one PSSCH-PSFCH explicit mapping rule will be violated in case of LBT failure. For synchronization, S-SSB transmission may also be affected due to LBT failure. Moreover, resource allocation schemes, including both mode 1 and mode 2 needs modifications to cope with LBT-based channel access.
In principle, the standard development for sidelink operations over unlicensed spectrum should be based on existing NR Uu and SL physical layer frameworks as much as possible, with only necessary modifications to following areas:
· Physical layer structure  
· Physical layer procedure
· Resource allocation, including both mode 1 and mode 2
· Synchronization
Sidelink carrier aggregation 
LTE V2X Rel-15 SL CA design can be a starting point, with further consideration on new features beyond LTE V2X, such as HARQ feedback operation. On the other hand, NR Uu CA design can be taken into account, e.g. we also see the need of cross-carrier scheduling in sidelink, where at least resources reservation information can be indicated in a reliable CC, such as a FR1 CC scheduling FR2 CCs, a licensed CC scheduling unlicensed CCs, etc.
Resource allocation enhancement
UE-based scheduling of sidelink transmission, including relaying of the gNB’s resource configuration or scheduling, is beneficial for UE group operation such as platooning, resource management of a RSU over a certain range. This can achieve a higher packet transmission reliability due to centralized resource allocation coordination within a whole group, and resource coordination among scheduling UEs assisted by the network. In Rel-17, although inter-UE coordination schemes are identified to improve mode 2 resource allocation reliability, it mainly focuses on coordination per coordination link in mode 2 but does not include centralized management among multiple PC-5 links, nor interaction with gNB. Thus, enhanced resource allocation within the UE group managed by an anchor-UE/RSU/gNB can be considered to further reduce resource collisions, half-duplex, power saving, etc., and therefore to further improve reliability and efficiency. 
0. Power saving enhancement
In Rel-17, taking into account of the pedestrian UEs, vulnerable UEs (VRUs), etc., SL-DRX and reduced-sensing resource allocation schemes including partial sensing and random resource selection, are defined to reduce UE power consumption. However, either partial sensing or random resource selection is at the cost of reduced reliability compared to Rel-16 full sensing baseline to save power. An extension framework to Rel-17 can be considered to improve reliability as well as reduce power consumption. In addition, the power efficiency and saving gain can be further improved, given that Rel-17 SL-DRX is based on long-DRX cycle-based SL-DRX without an efficient wake-up and sleep mechanism. In order to significantly reduce power consumptions, particularly for handset mobile devices, e.g. XR devices, wearable devices, a dedicated wake-up signal which enables a simplified wake-up receiver, can be taken in account for Rel-18 enhancement. 
Co-channel existence of LTE V2X & NR V2X
With building within the Rel-16 in-device coexistence framework (shown as in Figure 4), a Rel-18 UE can communicate with a Rel-16/17 UE (NR-V) and a Rel-14/Rel-15 UE (LTE-V) separately via different modems. In extension of this inter-device co-existence in Rel-16, there could be two possible options to enhance performance for both LTE V2X and NR-V2X in terms of improved resource utilization, and thus data rate and reliability, under network management.  
[image: ]
[bookmark: _Ref81584274]Figure 4. Re-18 in-device sidelink coexistence, following the Rel-16 framework
· Option 1: Orthogonal resource pools configured for LTE-V and NR-V in the same channel. The configuration of orthogonal resource pools can be based on UE’s report on traffic-based information resource utilization status (a CBR-like measurement report), where a Rel-18 will measure in LTE-V and NR-V resource pool separately via different modems.
· Option 2: Dynamic shared resource pool for LTE-V and NR-V in the same channel In this case, one potential way would be: a Rel-18 UE can detect LTE-V resource reservation based on its LTE-V modem, and thus avoid LTE-V reserved resources in addition to NR-V reserved resources (detected based on NR-V modem) for NR PSCCH/PSSCH transmission. This in-device sensing sharing operation can be treated by UE implementation or specification. 
Both options can solve the industrial requirement with limited specification work.
Simulation assumptions
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: Basic simulation assumptions for Scheme 1 with preferred resources.
Table 1: Basic simulation assumptions for Scheme 1 with preferred resources
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Rel-16: mode 2 sensing and resource selection
Rel-16: Inter-UE coordination for mode 2 (preferred scheme, both UEs sensing)

	Synchronization
	Ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	V-UE antenna model
	TR 37.885 Option 1

	Traffic model
	50% vehicles generate packets
Among the vehicles generates packets, 80% vehicles use periodic traffic, 20% vehicles use aperiodic traffic
Periodic traffic: 
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8 
· Inter-packet arrival time:10 ms, latency = 10ms
Aperiodic traffic: 
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with quantization step of 200 bytes.
· Inter-packet arrival time: 20ms + an exponential random variable with the mean of 20 ms, latency = 40ms

	Deployment and UE drop
	Highway-A  in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	unicast



[1] [bookmark: _Ref39826792]TR 38.845: "Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases," (Release 17), June 2021.
[2] [bookmark: _Ref72838668]TS 23.287 “Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services”, (Release 16), December 2020
[3] [bookmark: _Ref73698910] “C-V2X Use Cases Volume II: Examples and Service Level Requirements”, WG1, 5GAA, October, 2020.
[4] [bookmark: _Ref81060534]RP-210032, “LS on Mode 2 enhancements in NR sidelink”, RAN WG1, RAN#91-e, March 2021.
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