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Introduction  
One of the key objectives of the new SI on NR based V2X is to study the L2/L3 protocol enhancements needed to support advanced V2X use cases as described below [1]. 
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.




In this document, we discuss the different NR sidelink related considerations to support unicast and groupcast communication.
Discussion
The following agreements were made in RAN2#103bis meeting. 
	1:     Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.
2:    RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (including HARQ feedback, ARQ (if RLC AM is supported), PDCP packet duplication, configured grants, etc.). 
3:     RAN2 Working Assumption: Uppler layer will give the information if it’s unicast, groupcast or broadcast (We will ask SA2 if they can provide it).
4:     For groupcast, destination ID for a specific group and for unicast, destination ID for the target UE need to be visible in Layer 2 respectively. Source UE id should be also visible to Layer 2.
5:    For unicast/groupcast in NR sidelink, discovery procedure and related messages are up to upper layers.


In the following sub-sections, we focus on the highlighted aspects to aid the way forward. 
1.1 Advanced Use cases requirements
As part of LTE V2X, a basic set of requirements to support V2X applications have been specified. It is becoming increasingly clear that the automotive industries are evolving beyond unidirectional distribution of vehicle status information such as position, speed, heading, warning messages. With the advent of NR, the 3GPP system needs to increase its capability to meet the demands of emerging V2X applications and their KPIs. These new advanced services are broadly categorized under platooning, advanced driving, extended sensor and remote driving. Although some of these scenarios may be deployed with Uu link, many need a robust PC5/sidelink. The end-to-end latency requirement ranges from 3ms to 500ms with most common values being 10 to 25ms. The reliability requirement ranges from 90% to 99.99%. 
Observation 1. The advanced V2X use cases have widely varying latency requirements from 3ms to 500ms.
1.2 Connection management
During LTE V2X, only broadcast operation was considered for sidelink communication. For NR V2X, unicast and groupcast are also being considered. As part of the ongoing email discussion, [103bis#38] on NR V2X SL unicast/groupcast, AS-level information that needs to be exchanged between UEs and between UE and gNB as well as the configuration/connection management procedures were discussed. Most companies agree that some AS-level information needs to be exchanged between UEs in unicast/groupcast communication. This information could be related to QoS support, resource allocation, and radio capabilities and configuration (L1 specific such as HARQ/CSI feedback and L2 specific such as RLC/PDCP configuration).  As discussed in [2], we think that at least latency, reliability and priority should be captured at AS layer. Considering the implementation of HARQ/CSI feedback, and potentially other L2 protocol enhancements such as RLC AM, the related configurations and radio capabilities information, we need to evaluate the total amount of overhead expected. Further, we also need to consider whether these configurations are going to change dynamically within a certain time period or over the duration of the service/link (whichever lasts longer). The following are the three options that can be considered for connection establishment between peer V-UEs:
1) MAC level CE or header based signaling: Preferred for connectionless procedure (from AS layer point of view) and if the configuration information is deemed small and expected to change dynamically. e.g. advanced driving 
2) PC5 signaling protocol: Preferred for pseudo connection establishment procedure and if configuration information is varying and expected to change dynamically. Requires encoding of AS layer information and cross-layer interaction. 
3) Sidelink RRC signaling: Preferred if connection establishment is necessary and if the configuration information is large and considered quite semi-static. e.g. remote driving, platooning scenarios.  
Even as SL RRC seems like an attractive solution, it needs to be further evaluated. A vehicular UE may establish multiple connections simultaneously with other UEs. This will increase the complexity of a traditional connection-based approach if provisions are not made in the design. For example, a platoon group member involved in groupcast may also exchange information with another UE using unicast communication. Further, the resource allocation mechanism can be widely varied between the two services in the same V-UE. Therefore, we need to account for complexity and overhead before making a decision on a signaling solution for NR V2X sidelink configuration. 
Proposal 1. RAN2 to consider the amount and dynamic nature of the sidelink configuration information to decide among the connection management solution options: MAC CE-based, PC5 signaling protocol and SL RRC signaling for support of unicast/groupcast communication.  

1.3 Reliability enhancements and configuration
This section provides details on different reliability enhancement features that are proposed for NR V2X sidelink. The goal is to avoid system overload (with lot of data retransmissions) and increase in latency without introducing a lot of specification complexity. In general, we need to improve the reliability of groupcast traffic as well as unicast traffic for the advanced V2X use cases. However, we also need to ensure that there is no ACK/NACK flooding coming from every receiver. 

1.3.1 HARQ Feedback considerations
In order to meet the stringent constraints as outlined in section 2.1, RAN1 has agreed to support sidelink HARQ Feedback and HARQ combining for both unicast and groupcast cases as per the following agreements made during RAN1#94bis:
	Agreements:
For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details,  the possibility of disabling HARQ in some scenarios
For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios



As part of LTE sidelink V2X broadcast, blind HARQ retransmissions were supported (with one or two retransmissions). However, for NR V2X, to provide 99.999% reliability and a specific latency, RAN1 agreed to support HARQ feedback and the details are FFS. It is also to be noted that RAN1 is still studying the type of information that would be useful as part of CSI potentially that could be sent alongside HARQ feedback. Examples include CQI, PMI, RI, interference condition, vehicle motion, etc. At a high level, some form of HARQ feedback information (ACK-based, NACK-based or a combination thereof) can be provided for unicast communication. 
For mode 1 or scheduled resource allocation, the network has to be involved to provide resources for the HARQ feedback as well as the original data. The latency and priority information should be shared with the network apriori to ensure proper scheduling of resources. 
For mode 2, if SPS is used, the resource for feedback can be allocated together with the data. The same method can be followed for the different sub-types of mode 2 resource allocation methods (e.g. UE autonomously selects sidelink resource, UE assists sidelink resource selection for other UEs, UE is configured with SPS for sidelink transmission, UE schedules sidelink transmissions of other UEs).
Observation 2. Supporting HARQ feedback using mode 1 may incur additional signaling and latency due to network control of resource allocation. 
Proposal 2. Considering HARQ support in NR Uu as baseline, the following sidelink configuration information are necessary to support HARQ feedback:
· Number of HARQ processes
· Number of HARQ transmissions
· HARQ retransmission timers

1.3.2 RLC AM considerations 
For unicast communication, to achieve 99.999% reliability, in addition to HARQ feedback mechanism, RLC AM ARQ mechanism can be considered. As shown in tables below, some of the advanced V2X use cases have very stringent delay needs and the reliability requirement is also strict (99.999%) [1]. ARQ in RLC AM is based on reception of a status report (with ACK/NACK) from the peer entity and may be a time consuming procedure. 
In NR, with the introduction of short TTI, the RTT due to ARQ in RLC AM mode may be reduced. However, with HARQ feedback related delay as well as ARQ RTT, it may be challenging to meet the ~3ms latency requirement in advanced driving scenario. 


Table 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



Table 2. 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



Table 3. Performance requirements for remote driving
	Communication scenario description
	Req #
	Max end-to-end latency (ms)
	Reliability (%)
	Data rate (Mbps)

	Information exchange between a UE supporting V2X application and a V2X Application Server
	[R.5.5-002]
	5
	99.999
	UL: 25
DL: 1



[bookmark: _GoBack]Table 4. RLC RTT for NR cell group per SCS [TS38.306]
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20



Based on the table from TS 38.306, the RLC RTT that is assumed for NR Uu for calculating the total L2 buffer size, the delay that could be introduced due to RLC AM for 15KHz SCS could be about 50ms. Admittedly, this is the case for Uu based eMBB scenarios, but with lower value for HARQ RTT considering shorter TTI, and assuming lower polling timer, shorter RTT due to RLC AM could potentially be achieved. Depending on the target BLER and the transmission error probability, the HARQ RTT could be really small in which case the RLC RTT which is considered to be around n*HARQ_RTT for Uu (where ‘n’ depends on the specific case and can be 2, 3, 4,…), could be sufficiently small to satisfy the delay requirement for some of the advanced use cases. 
Therefore, we think that it would be prudent to check with RAN1 about the reliability values that could be achieved with HARQ feedback alone and the number of retransmissions that are required to evaluate the maximum latency that will be met with for different BLER values using HARQ only.
Proposal 3. RAN2 to check with RAN1 and obtain information about whether HARQ feedback is sufficient to support the necessary reliability requirement (99.999%) for some of the advanced V2X use cases.
Proposal 4. In order to meet reliability requirement for advanced V2X use cases that can tolerate certain latencies, RAN2 can make a working assumption that RLC AM is supported and configurable at least for sidelink unicast communication.
Furthermore, the support of RLC AM for groupcast communication involves a lot of complexity because it is not clear how polling for RLC acknowledged mode would work in a groupcast scenario. This is because the transmitter UE might set a polling bit but the receiver UEs might send acknowledgements for different PDUs. Then, the transmitter UE might have to do multiple retransmissions and it may not be feasible in large group. Therefore, only a status PDU with a negative acknowledgement (indication of reception failure by one of the group members) for the transmission might be useful. Hence, we could consider the support of RLC AM mechanism for groupcast V2X communication to be deprioritized and focus on unicast operation.  
Proposal 5.  RLC AM support for groupcast communication is deprioritized due to increased complexity and time constraint.
1.3.3 PDCP duplication considerations
Sidelink packet duplication is already supported in LTE V2X sidelink communication at the PDCP layer. The duplicated PDCP PDUs are submitted to two different RLC entities and transmitted on two different sidelink carriers. It is supported in LTE for both scheduled and autonomous resource allocation mechanisms. It should be possible to support the same in NR to improve the reliability at higher layer as long as necessary QoS requirements can be met on both the carriers. 
Proposal 6. PDCP duplication (CA) is supported for NR V2X sidelink unicast communication using LTE V2X sidelink as baseline. 
For groupcast scenario, as long as the sidelink carriers are configured and the configuration information for the used carriers is shared across the group, it should be possible to support PDCP duplication. 
For in-coverage case where both Uu and sidelink are available, PDCP based duplication across the two links may be considered. However, this solution involves a lot of specification complexity especially in mapping radio bearers to per-packet QoS. 
Proposal 7. PDCP duplication (CA) is supported for NR V2X sidelink groupcast communication using LTE V2X sidelink as baseline.
Conclusion
We have discussed the considerations on sidelink unicast and groupcast for NR V2X and have the following observations and proposals:
Observation 1. The advanced V2X use cases have widely varying latency requirements from 3ms to 500ms.
Observation 2. Supporting HARQ feedback using mode 1 may incur additional signaling and latency due to network control of resource allocation. 
Proposal 1. RAN2 to consider the amount and dynamic nature of the sidelink configuration information to decide among the connection management solution options: MAC CE-based, PC5 signalling protocol and SL RRC signaling for support of unicast/groupcast communication. 
Proposal 2. Considering HARQ support in NR Uu as baseline, the following sidelink configuration information are necessary to support HARQ feedback:
· Number of HARQ processes
· Number of HARQ transmissions
· HARQ retransmission timers
Proposal 3. RAN2 to check with RAN1 and obtain information about whether HARQ feedback is sufficient to support the necessary reliability requirement (99.999%) for some of the advanced V2X use cases.
Proposal 4. In order to meet reliability requirement for advanced V2X use cases that can tolerate certain latencies, RAN2 can make a working assumption that RLC AM is supported and configurable at least for sidelink unicast communication.
Proposal 5.  RLC AM support for groupcast communication is deprioritized due to increased complexity and time constraint.
Proposal 6. PDCP duplication (CA) is supported for NR V2X sidelink unicast communication using LTE V2X sidelink as baseline. 
Proposal 7. PDCP duplication (CA) is supported for NR V2X sidelink groupcast communication using LTE V2X sidelink as baseline.
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Annex
Table 1. eV2X categories, scenarios and requirements
	Advanced Use Case
	Scenario description
	Max end to end latency ms
	Reliability %
	Applicable interface

	Platooning 
	Cooperative driving for vehicle platooning information exchange between a group of UEs supporting V2X with low, high degree of automation
	10, 25
	90, 99.99
	Sidelink for communication between group members and with the leader and Uu for the leader.
Broadcast, Groupcast, multicast and Unicast 

	
	Reporting needed for platooning between UEs, UE and RSU
	500
	
	

	
	Information exchange between group of UEs supporting V2X application with high degree of automation in cooperative driving
	20
	
	

	Advanced driving
	Cooperative collision avoidance between UEs supporting V2X application
	10
	99.99
	Mostly Sidelink 
Broadcast, multicast, unicast.

	
	Information sharing for automated driving between UEs, and between UEs and RSU
	100
	
	

	
	Emergency trajectory alignment between UEs supporting V2X application
	3
	99.99
	

	
	Cooperative lane change between UEs supporting V2X app with low, high degree of automation for different sub-scenarios
	10, 25 
	90, 99.99
	

	
	Video sharing between UEs supporting V2X app and a V2X application server
	
	
	Mostly Uu

	Extended Sensor 
	Sensor information sharing between UEs supporting V2X application with low, high degree of automation for different sub-scenarios
	3, 10, 50, 100
	90, 95, 99.99
	Mostly Sidelink 


	
	Video sharing between UEs supporting V2X application with low, high degree of automation
	10,50
	90,99.99
	

	Remote driving 
	Information exchange between a UE supporting V2X application and a V2X Application Server
	5
	99.99
	Mostly Uu 



