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Introduction
3GPP is developing sidelink communication in Rel-16 via the NR V2X SI [1] and 5G V2X with NR sidelink WI [2] to support advanced V2X services over the NR PC5 and Uu interfaces. Sidelink unicast, sidelink groupcast, and sidelink broadcast are defined as well as coexistence among them in a carrier. A common sidelink design framework will support FR1 and FR2. The same technical solutions can be used for public safety when the service requirements can be met.
Several additional use cases of V2X in SA1 TS 22.186[3] and TR 22.886[4] should be further considered such as the vulnerable Road User (VRU), relative position; meanwhile, more use cases for eMBB application and vertical industry such as wireless video monitoring (video surveillance), enhanced eMBB indoor experience and interactive service defined in SA1 TR22.842 [5] can benefit from sidelink communication. For such use cases, NR sidelink should be further enhanced for higher data rate, lower latency and ultra-reliable data service.
For R16 NR sidelink, even though NW is also involved in V2X applications, the involvement is more focused on signalling/configuration on SL resource allocation and control. The data transmission is more initiated from one UE on SL to other UE(s) on SL, rather than from or to the gNB. To improve the UE experience for eMBB application in R17, as well as to ensure that more stringent reliability/latency requirement for vertical applications can be met on Uu link, network assisted UE cooperation (NAUC) schemes can be used. In NAUC, SL is to help improve Uu link performance.
In this contribution, we discuss the motivation and potential enhancements on NR sidelink for 5G V2X and other use case.
Discussion
NR SL enhancement
Motivation for C-V2X
· Sidelink communication range extension
In TS 22.186, it is stated that for vehicle platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications. This requires extended UE-to-UE communication range. UE-to-UE relay in Figure 1 can help to provide reliable V2V communications in the long platoon.
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[bookmark: _Ref9753844]Figure 1 Vehicle Platooning with 20 Vehicles support
TS 22.186 defines sensor information sharing between UEs supporting V2X application, including a case of 1000m communication range with reliability of 99% in Table 1. Considering the hostile communication environment and blockage between vehicles, this large communication range is still challenging without introducing more advanced technologies to the NR sidelink.
[bookmark: _Ref9704654]Table 1 Performance requirements for extended sensors (from TS 22.186)
	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message /Sec)
	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
	[R.5.4-003]
	
	
	3
	99.999
	50
	200

	
	
	[R.5.4-005]
	
	
	50
	99
	10
	1000

	
	
	[R.5.4-006]
(NOTE 2)
	
	
	10
	99.99
	1000
	50


· Sidelink throughput increase and higher achievability 
TS 22.186 also defines the data rate requirements for diverse advanced V2X scenarios. For sensor information sharing between UEs supporting V2X applications, a use case in Table 1 of 1000 Mbps data rate within 50m communication range is required with reliability of 99.99%. Rel-16 V2X considers a single carrier for the NR sidelink transmission and reception, and no FR2-specific optimization is supported in Rel-16 V2X except PT-RS. This extra-high data rate communication, especially when there are many vehicles in a certain range, is still challenging.
[bookmark: _Ref9692338]Based on the evaluation result in TR 38.885[1], as shown in Figure 2, packet reception ratio (PRR) performance in urban deployment degrades compared with the highway deployment with the same traffic model. The distance index means the distance equals index n plus 20 meters. We can see there is a break-point at around i=5. Besides the blockage of buildings in urban deployment, the performance degradation is mainly caused by denser UEs in urban deployments (e.g. in 500 meters range, around 36 vehicles in highway and around 190 vehicles in urban in evaluation assumption). As proposed by car manufacturers in RAN#83 [9] and via evaluation assumptions agreed in part in RAN1#97 [10], much denser UE scenarios should also be considered, e.g. zero speed in one direction. Sidelink communication should solve the gap to satisfy the QoS requirement for dense UE case from system aspect. In order to evaluate the percentage of UEs which can achieve the requirement in certain distance with a given number of UEs, a terminology of “achievability” needs to be introduced, e.g. based on the terminology of outage in TR 38.802. For the deployment of advanced driving anywhere anytime, higher achievability should be targeted, implying necessity of technologies such as sidelink CA, multi antenna enhancements, and high order modulation, etc.
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[bookmark: _Ref9889655]Figure 2 PRR performance of highway v.s. urban deployment, aperiodic traffic model (distance = i×20 meters)
· V2P communication support 
Dynamic ride sharing in TR 22.886 is for a vehicle to advertise willingness to take other passenger(s) or for a pedestrian to indicate intent to travel in a shared ride. This use case requires the support of V2P communication.
The Vulnerable Road User (VRU) in 5GAA LS [6] in Figure 3 is an un-addressed but important case, since when a VRU is involved in an accident, they suffer the most severe consequences because they cannot protect themselves against the speed and mass of the other party. Co-operative communications between pedestrian UE and vehicle UE that have the potential to improve the safety of VRUs in relation to vehicles, can become available for VRUs, either as an application on the VRU’s UE or as a dedicated device, which can be integrated in the VRU’s vehicle (bicycle, stroller …). In order to support V2P communication as a function of a normal cellular device, power saving options for pedestrian UEs should be supported.
           [image: ]
[bookmark: _Ref9753873]Figure 3 Dynamic ride sharing and Vulnerable Road User
· Sidelink relative positioning
Relative position is a key enabler for more advanced auto-driving scenarios, including V2V, V2I and V2P ranging. TS 22.186 defines relative position for ‘cm’ level accuracy: “[R.5.1-007] The 3GPP system shall support relative lateral position accuracy of 0.1 m between UEs supporting V2X application; [R.5.2-003] The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity”.
Key technical components
· Anchor based SL resource allocation (mode 2d) for coverage extension
In TR 38.885, ‘mode 2d’ sidelink resource allocation is defined where a UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. A relay framework is defined based on this resource allocation scheme to support sidelink communication extension for longer communication range, and related functionality and procedures should be defined.
[image: ]
Figure 4 Anchor based on SL resource allocation
· Sidelink spectrum efficiency improvement for throughput increase and higher achievability 
With sidelink carrier aggregation, FR2 enhancement, MIMO enhancement, and high order modulation, it can enable sidelink throughput increase and high achievability
· Sidelink carrier aggregation
This is the most straightforward technology to improve data rate with transmission over multiple carriers. Rel-16 standardizes single carrier for NR sidelink transmission and reception. For Rel-17, carrier aggregation can be introduced. In addition to high data-rate provisioning, carrier aggregation can also improve transmission reliability by duplicated transmissions over multiple carriers.
[image: ]
Figure 5 Carrier aggregation
· SL FR2 enhancement
Much wider bandwidth can be obtained in higher frequency band to achieve high data rate. Working on high frequency bands, beams can be formed to achieve efficient spatial multiplexing. PT-RS is supported in Rel. 16 for better phase tracking, but there is no further optimization in the physical layer to exploit FR2 spectrum. This motivates technologies including beam management, fast beam tracking, and beam recovery for mobility to achieve better spectrum efficiency in FR2, especially for high mobility UEs.
· SL MIMO enhancements and high order modulation 
CQI with rank-2 RI is supported in Rel-16 for sidelink unicast CSI. In order to support spatial multiplexing for multi-users of sidelink unicast, PMI and higher-rank CSI acquisition need to be defined to achieve high achievability for sidelink transmission from system aspect. For some of the sidelink communication use cases, the communication range is short and typically has a LOS propagation channel. Therefore, high SNR can be achieved, allowing the support of high order modulation.
· Power saving for V2P communication support
Due to the limited battery of the P-UE, schemes for UE power saving should be designed to avoid excessive power consumption. In LTE-V2X, partial sensing is supported for this purpose. In NR-V2X, more extensive optimization of the sensing behaviour can be considered for P-UE with respect to different traffic types such as periodic/aperiodic traffic, or broadcast/groupcast/unicast traffic. The vehicular UE will always be monitoring the slots of the V2X resource pools when it has no data to transmit. In order to reduce the power consumption of P-UE, a DRX mechanism, familiar from Uu operation, can be introduced for V2P communications. By doing so, the P-UE will be allowed to monitor the V2X slots only during the DRX-ON duration. For the P-UE, it may not always need to receive the messages from vehicles, e.g., the P-UE who is walking along a sidewalk not close to a junction or crossing. Defining an inactive state for the P-UE will also help to reduce power consumption. When the P-UE satisfies certain conditions, it can switch to the inactive state to save power until the condition of triggering active state is met, e.g., the P-UE arrives at a junction or crossing to move.
· Sidelink relative position
Vehicles can determine the inter-vehicle distance with NR sidelink ranging (e.g. ToA/RSTD/ OADoA), and then the relative position of vehicles in proximity can be determined based on the measurement results shared among vehicles. Both licensed bands and ITS bands should be considered for SL ranging.
NR SL enhancement used for other use case
The sidelink itself can be used for use cases other than C-V2X, e.g. public safety as identified in TR 38.885 when the service requirements can be met, and interactive services for AR/VR, etc. 
As the development of new devices (e.g. VR/AR devices, robot, etc.) in Figure 6, new interactive services defined in TR22.842 to exchange information will become more and more popular, such as online gaming and data sharing between variable devices. In SA1#82 meeting, a SID for Network Controlled Interactive Service was aprroved. The target of this SID was to study the use cases and to derive potential service requirements to provide users with interactive services. In SA1#86 meeting, the SID has been completed and the corresponding WID has been approved. For related use cases specified by SA1, the necessity to carry the data via sidelink communication is identified. One use case is interactive service for AR/VR applications, where one device can be used to offload both computing and communication for Head Mounted Device (HMD). Such device performs rendering tasks so that Uu link can use C-band with reduced data rate requirement << 5Gbps. The device then uses mmWave sidelink to forward rendered high data rate traffic (>5Gbps) to HMD. Furthermore, HMD and other home devices can use sidelink to share local data. 
[image: ]
[bookmark: _Ref9758670]Figure 6 Interactive service for AR/VR
Based on these use cases, high data rate, low latency, ultra reliable and low power consumption sidelink communication is required. Sidelink enhancements for C-V2X are also applicable to meet the requirements of interactive services.
NR SL assisted Uu communications/data transmission
In NR Rel-16, V2X was studied and is being specified in WID. Even though V2X supports transmission/reception on both Uu and SL, its main focus is on transmission/reception on SL to satisfy the requirement of V2X needs. In Rel-17   SL assisted Uu enhancement such as NAUC shall be considered, which uses SL to improve the transmission/reception on Uu, and thus to improve the overall user experience. To achieve that, some components developed in Rel-16 V2X WID for SL can be reused and if needed to be further enhanced in Rel-17. On the other side, new components that could better connect the transmission/reception on Uu and SL shall be investigated to benefit from such SL enhancement. 
Motivation
The main motivation for SL assisted Uu communication/data transmission is to utilize SL to improve the Uu link performance. For example, for the scenarios where data rate requirement and/or coverage requirement cannot be met, a cooperative UE (CUE) can be introduced to operate cooperatively with the source/destination UE. The cooperative UE and source/destination UE can be linked with each other through SL and form a virtual UE which is with higher capability due to the aggregated transmit power and aggregated distributed transmit antennas. For the scenario where the source UE or destination UE is out-of-coverage, the cooperative UE acts as a relay because only single Uu link is maintained. From this perspective, the UE cooperation could be viewed as the extension of relay that is the key technique already used for some critical applications such as public safety. In other word, relay is a special operation of UE cooperation.
1. Proximity Services
Proximity Services has been developed from Rel-12 to support both commercial and public safety services. In Rel-16 the PC5 based architecture and communications are developed to support advanced V2X services. There are more proximity-related service requirements defined in 3GPP TS 23.303 [8] than those covered by the existing Rel-16 work, e.g. UEs outside network coverage, creating a significant gap to enable mission-critical services. Connectivity to gNB for out-of-coverage UEs can be provided via cooperation with UEs that are in coverage.
Maintaining concurrent device to device ProSe Communication (off-network) and connectivity is required regardless of whether UEs are within network coverage or outside network coverage. The connectivity for outside network coverage UEs are provided via UE cooperation as shown in Figure 7.


[image: ]
[bookmark: _Ref9861522]Figure 7 Proximity Services outside network coverage
2. Wireless video monitoring (video surveillance)
Wireless video monitoring system in Figure 8 is going to be widely deployed in public areas like city, rural, public transportation etc. and many vertical industries like manufacturing, mining etc. in the future. The main advantage of wireless video monitoring system as compared with its wired counterpart is its relative lower deployment/operation cost and deployment flexibility. The deployment of video monitoring system could place higher demand on uplink efficiency and coverage, support of burst traffic and efficient coexistence with eMBB services. From the current techniques, it is observed that there exists about ~6x spectrum efficiency difference between cell edge and cell centre. If NAUC techniques are used, the uplink solution could enable joint transmission among nearby cameras as in the following 
· A camera having large amount of data (SUE) to transmit could pass its data on SL to nearby cameras (or called cooperative UE, i.e., CUE) having no or small amount of data to transmit
· E.g., a SUE could operate in high resolution mode or transmit I frame of a compressed video stream. The CUE could operate in lower resolution mode or transmit P frame of a compressed video stream
· Nearby cameras could help with data transmission of the SUE to NW using joint transmission or as a relay 

The benefits of such solution comes from the following aspects: more transmit power due to the help from nearby cameras, improved spatial diversity/multiplexing due to larger number of antennas, reduced transmission latency due to sharing of unbalanced video traffic load among UEs. In some situations, as shown in Figure 8, some dedicated transceivers could be deployed as dedicated CUE(s) to improve UL spectrum efficiency at cell edge for the SUE. Such dedicated CUE(s) do not have their own data, but they can transmit the data from SUE to benefit from more transmit power, more transmit antennas to improve the UL performance. 

[image: ]
[bookmark: _Ref9861233]Figure 8 Wireless video monitoring
3. Enhanced eMBB indoor experience 
As shown in Figure 9 indoor eMBB coverage for Ubiquitous home/office experience always needs to be addressed to improve the UE experience. This is because on one side, penetration loss or shadowing could create many coverage holes for indoor environment, on the other side, large number of UE could be concentrated in indoor environment such as household or offices and therefore UE experience needs to be cared about more there. NAUC could be used to improve the UE experience for such scenarios. For example, a special cooperative UE (CUE) (e.g., CPE) and indoor UE(s) could form UE group for NAUC. This CUE could be installed outdoor to improve transmit and reception capability on Uu link. The CUE could have more advanced transmit/reception capability (more antennas, more processing power) than a normal UE. The CUE helps with indoor target UE (TUE) to improve DL/UL performance by relaying their data on SL. Alternatively, UE(s) in a household or office could form the UE group for NAUC. The use of NAUC for such scenarios may benefit from the following to make it more feasible for UE experience improvement: 
· Good SL channel condition and larger bandwidth (e.g., using out-of-band SL); 
· Lower power consumption to help with other UE

[image: ]
[bookmark: _Ref9861217]Figure 9 enhanced eMBB indoor experience
Key technical components
Network Assisted UE Cooperation (NAUC) is the key enabler for SL assisted Uu communications/data transmission. In general, the steps of applying NAUC could be as the following 
· The UE(s) could form UE group at RAN level based on geometry
· For Uu DL, a TUE in the UE group could be scheduled with a unicast or multicast transmission.
· TUE could try to decode the packet itself on Uu. Meanwhile, one or more CUE(s) in the UE group could decode the packet on Uu and forward it on SL to the TUE like an UE relay. 
· The target UE could try to decode the forwarded packet on SL and inform other UE(s) and/or gNB if it is successful or not
· gNB could either schedule the new transmission or re-transmission depending on the feedback
· For UL, one or more CUE(s) could relay or jointly transmit with a SUE the same/different portions of a packet from the SUE after being shared on SL
To support NAUC, some key technical components including the followings but not limit to shall be studied 
· UE discovery and grouping at RAN level
· Support source ID/destination ID for UC
· Intra-group transmission/sharing (SL): Based on V2X SL resource allocation and transmission
· Data splitting/reassembling for UL UC transmission
· UE relay architecture (special case for UC)
· Cooperative HARQ
In the following, some brief descriptions are provided for each of the components
1. UE discovery and grouping in RAN level 
The UE discovery and grouping mechanism is for the UE to find UE(s) in its nearby and form a UE group. Such UE grouping is different from that defined in V2X as it is more based on the geometry rather than the applications. The advantage of such UE grouping is to ensure better SL quality so that UE could help each other on SL to improve their Uu performance. The UE grouping could be formed with the assistance of the NW include group ID configuration and UE ID assignment. It could be updated or dissolved.
2. Support source ID/destination ID for UC 
As shown in Figure 10, similar as V2X SL, the destination ID/source ID can be supported in NAUC which include the UEs in UE group and the gNB, as data could be initiated from the gNB or ended at the gNB for UC. That could help the CUE in the middle to determine the destination of the data and decide whether it needs to decode or decode/forward the data to the target UE or gNB. The source ID would indicate to the final recipient of the data where the data is originated and therefore to send corresponding feedback if needed.  

[bookmark: _Ref9683593]Figure 10: Support source ID/destination ID for UC

3. Intra-group transmission/sharing (SL)
As mentioned before, the focus of using SL in NAUC is more for assisting Uu link transmission, therefore, SL functions developed in Rel-16 V2X or even enhancement in Rel-17 could be reused wherever applicable. 
4. Data splitting/reassembling for UL UC transmission
As shown in Figure 11, if UE cooperation is used to improve Uu UL performance, the packet of the source UE (SUE) could be relayed by CUE or jointly transmitted by CUE/SUE on Uu link. As shown in Figure 11, in either way, the packet of SUE would be split into more TB(s). For those TB(s) that need other CUE(s) to transmit, they will be shared on SL first. The CUE(s) could then either relay them to the gNB or transmit them jointly with the remaining TB(s) transmitted by SUE itself. At the gNB side, upon receiving the TB(s) of SUE from either SUE and/or CUE(s), the TB(s) can be reassembled to recover the original packet of the SUE.  

[image: ]
[bookmark: _Ref9683157]Figure 11: Data spitting/reassembling for UC on Uu uplink
5. UE relay architecture (special case for UC)
A CUE in UC behaves like a relay to decode TUE data on Uu and forward it on SL. For this purpose, a simple L2 relay structure with some lower layer functions such decode and forward shall be enough. 
6. Cooperative HARQ

If SL is used only for transmission initiated and ended on SL, it could have its own HARQ process or simplified version similar as that on Uu link. But if the SL is used to help the original transmission/reception started from the gNB or ended at the gNB, the HARQ process could be considered together for both Uu and SL. That may lead to better coordination between Uu and SL and achieve better spectrum efficiency and reduced latency. 
Performance evaluation
Performance evaluation for Network Assisted UE Cooperation is evaluated for identified use case and some preliminary system level simulation (SLS) results are provided in the following. 
· Figure 12 shows the use case where 1 outdoor CUE helps 1 outdoor SUE on UL. This is to check the performance for wireless video monitoring use case. Detailed system level simulation assumptions are listed in Table A.1. It is assumed that CUE(s) does not have its own data to transmit. The data of the SUE is shared on SL with the CUE(s) and then SUE and CUE(s) transmit the data jointly to the gNB using UL MU-MIMO. This will greatly improves SUE performance on Uu link. The UE cooperation (UC) performance is compared with the baseline that the SUE itself directly transmits its data on Uu link to the gNB (it could pair with other SUE using MU-MIMO). From the simulation, it can be observed that UC could achieve substantial throughput gain of 44.9% for cell average and 71.0% for cell edge over the baseline if one dedicated CUE is available for the help.

[image: ]
[bookmark: _Ref9597588]Figure 12: UC throughout gain for outdoor 1 CUE helping 1 SUE in UL
· [bookmark: _GoBack]Figure 13 shows the use case where 1 outdoor CUE helps 1 indoor TUE on DL. This is to check the performance for enhanced eMBB indoor experience use case. Detailed simulation assumptions are listed in Table A.2. The CUE could be viewed as a CPE installed outdoor to transmit/receive on Uu link. The data received by the CUE targeted to the TUE could be relayed on SL to the indoor TUE, thus improving its performance on Uu link. The UE cooperation (UC) performance is compared with the baseline where the TUE directly receives data on Uu link from the gNB. From the simulation, it can be observed that UC could achieve substantial throughput gain of 41.9% for cell average and 61.9% for cell edge as compared with the baseline.   

[image: ]
[bookmark: _Ref9857908]Figure 13: UC throughput gain for DL 1 outdoor CUE -> 1 indoor TUE

Comparison with existing techniques
In addition to the key components of NAUC, it is worthwhile to provide comparison between NAUC and some existing techniques such as IAB. 
IAB has been investigated and specified in NR since Rel-15. It has the function to relay data for coverage hole and cell edge. Compared with IAB which operators need more cost to deploy in new sites, NAUC deployment can be more flexible and need less cost. Also NAUC could have more flexible topology based on UE cooperation group and the UE group can be adapted dynamically, while IAB normally has more fixed topology based on network planning.
Conclusion
In this contribution, motivations and possible scope for NR sidelink enhancements for 5G V2X and other use case is discussed based on the NR Rel-16 5G V2X with NR sidelink WI and use cases in SA1. 
The Rel-17 work should target the following objectives:
1. NR SL enhancement
· Anchor based SL resource allocation (mode 2d) 
· Sidelink carrier aggregation 
· SL FR2 enhancement 
· SL MIMO enhancements and high order modulation
· Power saving for V2P communication support
· Sidelink relative position
2. SL assisted Uu communications/data transmission
· UE discovery and grouping at RAN level
· Support source ID/destination ID for UC
· Intra-group transmission/sharing (SL): Based on V2X SL resource allocation and transmission
· Data splitting/reassembling for UL UC transmission
· UE relay architecture (special case for UC)
· Cooperative HARQ
Appendix

Table A.1 Uplink system level simulation assumptions
	Parameters
	Value

	Deployment
	UMa, 21 cells, ISD = 200m

	Number of SUEs
	10 per cell, uniform dropping all outdoor

	Number of CUEs per SUE
	1

	CUE deployment
	Dropped near each SUE

	Forwarding method on SL
	Ideal SL

	System Bandwidth
	10 MHz UL

	Antenna configuration
	BS: 16T16R    UE: 2T2R

	Baseline transmission mode on Uu
	Closed-loop MU-MIMO between SUE

	Receiver type
	MMSE IRC

	Scheduler on Uu
	Proportional fair (PF)

	UE speed
	3 km/h

	Tx power
	UE: 23dBm



Table A.2 Downlink system level simulation assumptions
	Parameters
	Value

	Deployment
	UMa, 21 cells, ISD = 500m

	Number of TUEs
	10 per cell, uniform dropping indoor

	Number of CUEs per TUE
	1

	CUE deployment
	CUE outdoor, TUE indoor, UE group radius is 30m

	Forwarding method on SL
	Decode and Forward

	System Bandwidth
	10 MHz DL, 10 MHz SL

	Antenna configuration
	BS: 32T32R     UE: 2T2R

	Transmission mode
	Closed-loop MIMO

	Receiver type
	MMSE IRC

	Scheduler on Uu
	Proportional fair (PF)

	UE speed
	3 km/h

	Tx power
	BS: 46dBm
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