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RAN is about to complete the work on NR V2X for Rel-16. Discussions on a follow-up WI in Rel-17 are well under way, with an email discussion initiated at RAN85 to be summarized in this meeting.
In this contribution, we provide our views on the scope of a Rel-17 WI on sidelink enhancements.

Discussion
High-level motivation
During the email discussion, companies were asked to provide their views on the main motivations for enhancements from the list below:
· Increased data rate
· Enhanced reliability and reduced latency
· Support of new carrier frequencies and operation scenarios
· Power saving
· Spectral efficiency enhancement
· Sidelink coverage enhancement
· Network coverage enhancement
In our view, V2X, public safety, and commercial applications should all be addressed in Rel-17, and all these motivations are critical for Rel-17. For V2X, many of the target services in TS22.186 such as advanced driving and sensor sharing require large throughputs, many nines of reliability, and low latency, as shown in the Appendix. For commercial success, they also require good coverage and many users to be supported within the available bandwidth. The support of many users is directly tied to data rates and spectral efficiency. For instance, the benefits of sensor sharing can only be achieved if many vehicles participate in the sharing. Advanced driving services such as emergency trajectory alignment (between two vehicles) or information sharing between two vehicles or one vehicle and one RSU also require a significant amount of data transfer (see Appendix) and since unlimited bandwidth is not available, improving spectral efficiency in Rel-17 is necessary. Finally, V2P applications will have additional power consumption concerns.
Sidelink enhancements should also consider new use cases. In particular, public safety is an area where sidelink communication is critical. This operation scenario should be enhanced in Rel-17. Supporting public safety services on the sidelink requires new carrier frequencies (e.g., 700MHz band to provide high coverage), coverage enhancements (sidelink and network coverage), and power saving enhancements: for instance, the V2X operation specified in Rel-16 requires continuous sensing before transmission. This would drain the battery of a handheld UE in a way that would not be suitable for first responders: for instance, a firefighter may spend several hours in a building, and requires reliable communication for the duration of the intervention. Power saving is a critical motivation that must be addressed in Rel-17 for public safety (in addition to V2P).
In addition, some commercial use cases also require sidelink communication. This is for instance the case for advanced gaming, data sharing between different types of terminals, AR/VR UEs, and more generally, network controlled interactive services (NCIS). For such commercial cases, all motivations listed above also apply.
Of course, addressing all of the motivations does not mean that every possible proposed enhancement should be supported; only the top enhancements in each area should be considered in terms of benefit and efforts required. We should also try to be as specific as possible in the objectives (so as not to hide the efforts required) and at the same time we should avoid long lists of enhancements to specify or study. For instance, for power savings, the battery drain is mostly due to the continuous sensing operation and avoiding continuous sensing will certainly bring large benefits in terms of power savings. On the other hand, as discussed in RAN1#99, micro-sleep within a slot when the UE is in-communication would bring minute power savings and should not considered in the WI unless the specification effort is light.

Proposal 1:
· Public safety is an important scenario for Rel-17
· All the motivations for sidelink enhancements must be addressed (increased data rate, enhanced reliability and reduced latency, support of new carrier frequencies and operation scenarios, power saving, spectral efficiency enhancement, sidelink coverage enhancement, network coverage enhancement)

Rel-16 leftovers
At RAN1#99, the RAN1 part of the standardization work for NR V2X was completed. However, as is always the case at the end of the release, some painful decisions had to be made in order to complete the work in time. In particular, from our perspective, three aspects need improvement:
· PSFCH design: only “short” PSFCH was standardized. Long PSFCH has benefits for many use cases and can result in better spectral efficiency in some cases, thus should be standardized. In addition, for short PSFCH, multiplexing of ACK/NACK was not addressed. Also, the PSFCH does not convey any other information than HARQ feedback. Other valuable information (e.g., CSI, PMI), now carried in a MAC CE, would be more beneficial if transmitted on a physical layer channel.
· Use of CSI feedback: the CSI feedback is carrier in a MAC CE, thus is not available as fast as physical layer channel. While this is sufficient to assist the MCS selection, CSI feedback could be useful for faster adaptation, better resource selection (if included in the sensing/resource selection procedure), and would enable better performance for multiple layer transmission. In addition, CSI-RS is transmitted only with data, which limits its usefulness for sounding the channel.
· Standardization of mode 2d/2b: this was discussed during the SI, but not added in the WI. Some aspects of mode 2d/2b should be standardized within this WI, although we expect the bulk of the work to happen in the RAN2-led WI on relaying.
In our view, it is crucial for RAN to address these aspects in Rel-17. 
Proposal 2:
· The sidelink enhancements WI includes the following aspects as leftovers from Rel-16:
· PSFCH: multiplexing of several PSFCHs, standardization of the long PSFCH, definition of several PSFCH formats (in order to carry CSI)
· CSI/CSI-RS improvements: by lifting the limitation of transmitting CSI-RS with data only, and by having faster access to CSI feedback

Carrier aggregation
Carrier aggregation can be standardized quickly and efficiently. A lot of the work done for Rel-15 LTE-V can be reused with minor adaptations: for instance, the synchronization procedures could be largely reused. Similarly, the principles defined to handle limited TX/RX capability UEs can be reused to a large extent. The only new aspect that was not covered in Rel-15 LTE-V is packet duplication, which will require some work in RAN2.
Proposal 3: Except for packet duplication, sidelink carrier aggregation reuses the REl-15 LTE-V principles as much as possible.

Resource allocation 
The Rel-16 resource allocation process provides fair and reliable access to the media for both mode-1 and mode-2 scheduling. However, for mode-2 scheduling, this comes at the price of power consumption: near-contiguous sensing can drain the battery very quickly. While this is not an issue for a vehicle, there are two use cases where power savings are crucial:
· Public safety: As analysed in R1-1908743 and R1-1907668, the public safety requirements can be met, but if full sensing is used, power consumption becomes a serious issue for handheld public safety UEs.
· V2P: this use case was not addressed in Rel-16. V2P communication can only be attractive if it operates at low power, so that it can be implemented in regular handheld UEs
At least for these two use cases, it is necessary to have a low power resource allocation procedure. In particular, for mode-2 transmission, it is desirable to have a UE operation with no sensing or partial sensing. Given that this was extensively studied for LTE-V, this should be directly specified, without further study needed. Any other power savings impacts could be considered to study at lower priority as long as other motivations are met. 
Proposal 4: Standardize a low-power UE-autonomous operation with disabled sensing and/or partial sensing to serve the needs of the public safety community as well as for V2P communication.

FR2 operation
In Rel-16, no FR2 optimization was considered. For Rel-17, FR2 communication should be improved:
· There is a lot of available spectrum in mmW. This could be used to significantly increase data rate
· There are many cases where the relative speed between two UEs is low (e.g., within a platoon)
· Most of the time, the UE has access to its location information and operates in a one-dimension environment (a road). This could be used to improved beamforming for FR2.
· For public safety, there are many indoor and/or low mobility use cases
Note that for most of the scenarios, it is anticipated that there will be some operation at FR1 (e.g., in the 5.9GHz ITS band). FR1 operation can be used to tune the FR2 operation, if needed. This dual FR1/FR2 operation can also ease the implementation efforts.
Proposal 5: Enhancements of FR2 operation on the sidelink:
· Beam management procedure including designs and configurations for reference signals, measurements, feedback, and DCI/RRC signalling
· [bookmark: _GoBack]Support of multiple panels at the UE
· FR1 assistance for FR2

Sidelink CSI enhancements
CSI enhancements and better use of CQI is important: with Rel-16, transmission of the CSI-RS is tied to data transmission, and CQI/RI (without PMI) reporting is done on the PSSCH. Having independent CSI-RS transmission/ CSI (including PMI) reporting can significantly improve system performance. With CSI enhancements (and data rate and efficiency increase), more than 2 antennas and 2 data streams should be supported for all use cases especially ones based on commercial platforms and hence enhancement to CSI is needed. Uu link CSI framework should be used as the baseline design.
In Rel-16, HARQ feedback can be reported to the gNB using the PUCCH. However, there was no discussion on how to report sidelink CSI. Sidelink CSI can be used by the gNB for sidelink beam management, enable multiple panel UEs operation, etc. Given that HARQ feedback reporting is already supported, adding sidelink CSI report is relatively easy, and standardizing it would not require much effort while significantly improving the sidelink system performance under network control.
Proposal 6: Standardize CSI/CSI-RS enhancements to support more than two-layer data transmission as well as sidelink CSI report to the gNB

Sidelink DRX
As discussed for resource allocation, power savings are important for public safety. There are plenty of public safety use cases that use periodic traffic. Thus, sidelink DRX is highly beneficial. The work on sidelink DRX will mostly be confined to RAN2.
Proposal 7: RAN2 to standardize sidelink DRX

WI timeline
Most of the enhancements proposed in this contribution are relatively straightforward, with many requiring little work (e.g., carrier aggregation). Other aspects, such as FR2 operation and power savings, require more work, but are crucial for public safety. In addition, it is anticipated that during Q1 of 2020, there will be a large number of CRs, as is always the case when a new feature is introduced. Thus, we suggest starting the work after RAN87 and to allocate a similar number of TUs per meeting as for Rel-16 to complete the work in a timely manner.
[bookmark: _Ref129681832]
Conclusions
In this contribution, we discussed the scope of the Rel-17 sidelink enhancement WI. We propose the following:
Proposal 1:
· Public safety is an important scenario for Rel-17
· All the motivations for sidelink enhancements must be addressed (increased data rate, enhanced reliability and reduced latency, support of new carrier frequencies and operation scenarios, power saving, spectral efficiency enhancement, sidelink coverage enhancement, network coverage enhancement)
Proposal 2:
· The sidelink enhancements WI includes the following aspects as leftovers from Rel-16:
· PSFCH: multiplexing of several PSFCHs, standardization of the long PSFCH, definition of several PSFCH formats (in order to carry CSI)
· CSI/CSI-RS improvements: by lifting the limitation of transmitting CSI-RS with data only, and by having faster access to CSI feedback
Proposal 3: Except for packet duplication, sidelink carrier aggregation reuses the REl-15 LTE-V principles as much as possible
Proposal 4: Standardize a low-power UE-autonomous operation with disabled sensing and/or partial sensing to serve the needs of the public safety community as well as for V2P communication
Proposal 5: Enhancements of FR2 operation on the sidelink:
· Beam management procedure including designs and configurations for reference signals, measurements, feedback, and DCI/RRC signalling
· Support of multiple panels at the UE
· FR1 assistance for FR2
Proposal 6: Standardize CSI/CSI-RS enhancements to support more than two-layer data transmission as well as sidelink CSI report to the gNB
Proposal 7: RAN2 to standardize sidelink DRX



Appendix: V2X requirements per TS22.186
Table 5.2-1 Performance requirements for Vehicles Platooning 
	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max end-to-end latency
(ms)
	Reliability (%)
(NOTE 5)
	Data rate (Mbps)
	Min required communication
 range (meters)
(NOTE 6)

	Scenario
	Degree
	
	
	
	
	
	
	

	Cooperative driving for vehicle platooning
Information exchange between a group of UEs supporting V2X application.
	Lowest degree of automation 
	[R.5.2-004]
	300-400
(NOTE 2)
	30
	25
	90
	
	

	
	Low  
degree of automation
	[R.5.2-005]
	6500
(NOTE 3)
	50
	20
	
	
	350

	
	Highest degree of automation
	[R.5.2-006]
	50-1200
(NOTE 4)
	30
	10

	99.99
	
	80

	
	High 
degree of automation
	[R.5.2-007]
	
	
	20
	
	65
(NOTE 3)
	180

	Reporting needed for platooning between UEs supporting V2X application and between a UE supporting V2X application and RSU.
	N/A
	[R.5.2-008]
	50-1200
	2
	500
	
	
	

	Information sharing for platooning between UE supporting V2X application and RSU.
	Lower 
degree of automation
	[R.5.2-009]
	6000
(NOTE 3)
	50
	20
	
	
	350

	
	Higher degree of automation
	[R.5.2-0010]
	
	
	20
	
	50
(NOTE 3)
	180

	NOTE 2: This value is applicable for both triggered and periodic transmission of data packets.
NOTE 3: The data that is considered in this V2X scenario includes both cooperative manoeuvres and cooperative perception data that could be exchanged using two separate messages within the same period of time (e.g., required latency 20ms).
NOTE 4: This value does not including security related messages component.
NOTE 5: Sufficient reliability should be provided even for cells having no value in this table 

NOTE 6: This is obtained considering UE speed of 130km/h. All vehicles in a platoon are driving in the same direction.



Table 5.3-1 Performance requirements for advanced driving
	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max
end-to-end latency
(ms)

	Reliability (%)
(NOTE3)
	Data rate (Mbps)
	Min required Communication range (meters) 
(NOTE 4)

	Scenario
	Degree
	
	
	
	
	
	
	

	Cooperative collision avoidance  between UEs supporting V2X applications.
	[R.5.3-001]
	2000
(NOTE 5)
	100
(NOTE 5)
	10
	99.99
	10
(NOTE 1)
	

	Information sharing for automated driving between UEs supporting V2X application.
	Lower 
degree of automation
	[R.5.3-002]
	6500
(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-003]
	
	
	100
	
	53
(NOTE 1)
	360

	Information sharing for automated driving between UE supporting V2X application and RSU
	Lower 
degree of automation
	[R.5.3-004]
	6000
(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-005]
	
	
	100
	
	50
(NOTE 1)
	360

	Emergency trajectory alignment between UEs supporting V2X application.
	[R.5.3-006]
	2000
(NOTE 5)
	
	3
	99.999
	30
	500

	Intersection safety information between an RSU and UEs supporting V2X application.
	[R.5.3-007]
	UL: 450
	UL: 50
	
	
	UL: 0. 25 DL: 50
(NOTE 2)
	

	Cooperative lane change between UEs supporting V2X applications.
	Lower 
degree of automation
	[R.5.3-008]
	300-400
	
	25
	90
	
	

	
	Higher degree of automation
	[R.5.3-009]
	12000
	
	10
	99.99
	
	

	Video sharing between a UE supporting V2X application and a V2X application server. 
	[R.5.3-010]
	
	
	
	
	UL: 10
	

	NOTE 1:	This includes both cooperative manoeuvers and cooperative perception data that could be exchanged using two separate messages within the same period of time (e.g., required latency 100ms). 
NOTE 2:	This value is referring to a maximum number of 200 UEs. The value of 50 Mbps DL is applicable to broadcast or is the maximum aggregated bitrate of the all UEs for unicast.
NOTE 3: 	Sufficient reliability should be provided even for cells having no values in  this table 
NOTE 4:   This is obtained considering UE speed of 130km/h. Vehicles may move in different directions. 
NOTE 5: 	These values are based on calculations for cooperative maneuvers only.



Table 5.4-1 Performance requirements for extended sensors
	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
	Lower 
degree of automation
	[R.5.4-001]
	1600
	10
	100
	99
	
	1000

	
	Higher degree of automation
	[R.5.4-002]
	
	
	10
	95
	25
(NOTE 1)
	

	
	
	[R.5.4-003]
	
	
	3
	99.999
	50
	200

	
	
	[R.5.4-004]
	
	
	10
	99.99
	25
	500

	
	
	[R.5.4-005]
	
	
	50
	99
	10
	1000

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

	Video sharing between UEs supporting V2X application
	Lower 
degree of automation
	[R.5.4-007]
	
	
	50
	90
	10
	100

	
	Higher degree of automation
	[R.5.4-008]
	
	
	10
	99.99
	700
	200

	
	
	[R.5.4-009]
	
	
	10
	99.99
	90
	400

	NOTE 1: This is peak data rate.
NOTE 2: This is for imminent collision scenario.







