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1	Introduction
3GPP TSG RAN Meeting #80 has approved a new study item aimed at identifying technical solutions which are inherent for supporting the 3GPP Phase 3 V2X and the use cases listed by 3GPP SA WG1. Detailed study item description (SID) can be found in [1]. 
RAN1 has started study on support of unicast, groupcast, and broadcast in NR sidelink (SL) during the RAN1#94 meeting and send an LS [2] to RAN2 and SA2 to inform the following agreements: 
	· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information



RAN2 has made following agreements on SL unicast and groupcast in RAN2#103bis [3]. 
Agreements
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 addition, RAN2 planned an email discussion to discuss for SL unicast/groupcast, what AS-level information is required to exchange among UEs and/or gNB, and whether we need AS-level connection/RB establishment/configuration or management procedure [3].
This paper discusses the two different approaches of SL transmission for supporting unicast and groupcast from access stratum (AS) perspective by taking into account RAN1 and RAN22 agreements.
2	Discussion
According to the LS from RAN1, RAN1 assumes a SL session should be established among the relevant UEs for a transmission of unicast or groupcast and such session establishment should be decided by higher layer. Herein the higher layer from RAN1 point of view may be radio L2 (e.g. RRC) of AS or upper layer above the AS. Then it is in the scope of RAN2 to discuss and agree on whether the unicast and groupcast SL transmission should be connectionless or connection based from AS layer perspective.
2.1	AS layer connectionless SL for unicast and groupcast transmission
The AS layer connectionless SL transmission for unicast and groupcast refers to the SL solution specified in LTE Rel-12 & 13 for proximity services (ProSe), where the destination L2 ID that is partially in SL control and partially in MAC PDU header is used to indicate the targeted UE, in case of unicast, or a group of UEs in case of groupcast over SL transmission. The destination L2 ID for unicast and groupcast transmissions is provided by the upper layer (i.e. above AS). Therefore, from AS layer perspective, it is a connectionless SL transmission. 
As only part of the destination L2 ID (e.g. the 8 LSBs of destination L2 ID in LTE Rel-12 & 13 SL solution) is included in the physical channel PSCCH that carries the SL control, the target UE or UE group cannot be identified right from physical layer, but may be obtained from the MAC layer by checking the MAC PDU header. This results in redundant processing overhead in SL reception to those receiving (Rx) UEs that happen to have the L2 ID with the same LSBs of the targeted L2 ID because those Rx UEs receive and decode the SL transmissions from physical layer and discard the processed MAC PDUs only after MAC layer checked the received data is not targeted to them based on the full L2 ID. The issue may not be severe for ProSe (as defined in Rel-12 and Rel-13) as the UE density and traffic volume in public safety use cases is not considered high. However, for some of the advanced V2X use cases such as extended sensor use case group, high data rate is one of the key characteristics. In this case, the connectionless SL transmission for unicast and groupcast may cause significant processing overhead to other V2X UEs in proximity, especially in high UE density scenario.
Observation 1: AS layer connectionless SL transmission may introduce redundant processing overhead to irrelevant Rx UEs especially for advanced V2X use cases requiring high data rate in high UE density scenario.
The HARQ ACK/NACK based retransmission, link adaptation (LA) and power control are considered as the effective features to increase efficiency of radio resource usage. RAN1 has agreed in RAN1#94bis that HARQ feedback and HARQ combining are supported in physical layer for SL unicast and groupcast. However, it is not straightforward to introduce SL feedback for HARQ ACK/NACK feedback in connectionless SL transmission. In this case the SL feedback information should be somehow associated with the L2 source and destination ID either by physical layer structure design (e.g. by predefined channel or resource mapping) or by attaching the ID information to the SL feedback.
Observation 2: Design of SL feedback for connectionless SL transmission is more challenging.
Similar as in LTE SL solution, in the connectionless SL NR transmission, the L2 source ID should be also included in each MAC PDU header to allow the SL Rx UE to distinguish the different SL Tx UEs. This leads to higher protocol overhead.
Observation 3: AS layer connectionless SL transmission has higher protocol overhead to attach source and destination L2 ID into each MAC PDU header.

2.2	AS layer connection-based SL for unicast and groupcast transmission
AS layer connection-based SL refers to the SL solution that the destination or target ID is used in physical layer (e.g. either included in the physical sidelink control channel that carries the SL control or used to scramble the SL control channel in the similar way of PDCCH scrambled with C-RNTI) to uniquely identify the targeted SL Rx UE or UE group so that SL reception doesn’t need to go up to the MAC layer to identify the targeted UE/UE group.  Thus, the extra processing overhead in irrelevant SL Rx UEs can be avoided in this case. RAN2 has agreed the upper layer may provide the destination ID for unicast and groupcast and source UE ID and send an LS to SA2 for feedback [4]. If the destination ID from upper layer is used in physical layer for connection-based SL communication, the length of the destination ID and uniqueness of the ID at least locally among all the SL communication connections in proximity (similar as unique C-RNTI is required within a cell) are critical issues. Long destination ID may increase the physical layer signaling or processing overhead for including the ID in the physical layer channel. In LTE SL solution, the uniqueness of the destination ID was handled by the UE as specified in TS23.303 [5]
“The UE needs to ensure that the Layer-2 ID for unicast communication is at least locally unique. To that effect the UE should be prepared to handle Layer-2 ID conflicts with adjacent UEs using unspecified mechanisms (e.g. self-assign a new Layer-2 ID for unicast communication when a conflict is detected).”
This mechanism on handling of unique destination ID is not good for AS level connection-based SL solution that the ID is used in physical layer to distinguish the target UE as ID confliction can only be detected in the upper layer above the AS level, which causes the delay on handling of the ID confliction in the physical layer.  However, when there is a cellular network available for control or at least to assist the SL ID (which can be destination ID from upper layer or some AS level ID) management, the unique SL ID may be guaranteed by the coordination from the serving network either in AS or NAS level. However, out of coverage (OoC) scenario should be considered as well for V2X use cases, where the SL connection establishment and corresponding ID management can only be performed by the UE autonomously. In this case, it is not a trivial task to guarantee the uniqueness of the SL ID used by each SL connection in proximity.
Observation 4: AS layer connection-based SL can avoid the extra processing overhead that connectionless SL transmission brings to the SL Rx UEs.
Observation 5: Additional mechanism is required to guarantee the uniqueness of SL ID for connection-based SL transmission, which is rather challenging in OoC scenario when UE autonomous SL connection establishment procedure is assumed.  
The AS layer connection-based SL approach is also easier for configuring the radio protocol (e.g. SDAP, PDCP, RLC, MAC) for the SL connection using AS level control signaling. This enables more flexible SL protocol configuration, e.g. for configuring AM or UM of RLC or PDCP duplication etc. In addition, the connection-based SL makes it easier to enable SL QoS control on per-QoS flow basis to have a unified QoS handling over SL and Uu.
Observation 6: AS layer connection-based SL transmission can enable more flexible SL radio protocol configuration as well as common QoS management mechanism over SL and Uu.
2.3	Comparison of two SL transmission approaches
The Pros and Cons of the two SL transmission approaches are compared in Table 1 based on the analysis in section 2.1 and 2.2.
Table 1: Comparison of connectionless and connection-based SL transmission
	SL transmission approach
	Pros
	Cons

	Connectionless SL
	· Less signaling and control overhead on AS level for SL connection management (establishment, maintenance, release etc.)
· Unified solution for broad-/group-/unicast from AS point of view
· Easy to specify the unified solution for InC and OoC scenario
	· Signaling and control overhead on NAS level SL connection management is needed anyway.
· Extra Rx UE processing overhead for irrelevant UEs
· Higher protocol overhead to have UE ID attached to each MAC PDU
· Hard to enable physical layer feedback for e.g. HARQ and LA

	Connection-based SL
	· More efficient to support uni-/group-cast in term of Rx UE processing 
· Easier to enable SL feedback of physical layer (e.g. HARQ feedback) and higher layer (e.g. ARQ feedback) if needed
· Easier to enable AS layer control plane and QoS flow based QoS mechanism
	· Additional signaling overhead on AS layer for SL connection management (e.g. ID management, radio protocol configuration)
· Extra mechanism in AS layer to ensure the uniqueness of SL ID especially in UE autonomous SL connection management in OoC
· Different SL design for broadcast and uni-/group-cast



From the analysis it can be seen that connectionless SL transmission is better to support broadcast type of communication that many V2X use cases require. On the other hand, it is more efficient to use connection-based SL transmission to support the V2X use cases that require transmission feedback, link adaptation for high data rate communication between two or more UEs, especially if the serving network is available to control or assist the SL operation. Therefore, we propose:
Proposal 1: RAN2 is kindly asked to agree to support AS level connection-based SL communication for unicast and groupcast V2X in network coverage scenario. 
3	Conclusion
This paper was aimed at discussing AS layer SL transmission scheme for supporting unicast and groupcast. In the course of the TDoc we have made the following observations and proposal:
Observation 1: AS layer connectionless SL transmission may introduce redundant processing overhead to irrelevant Rx UEs especially for advanced V2X use cases requiring high data rate in high UE density scenario.
Observation 2: Design of SL feedback for connectionless SL transmission is more challenging.
Observation 3: AS layer connectionless SL transmission has higher protocol overhead to attach source and destination L2 ID into each MAC PDU header.
Observation 4: AS layer connection-based SL can avoid the extra processing overhead that connectionless SL transmission brings to the SL Rx UEs.
Observation 5: Additional mechanism is required to guarantee the uniqueness of SL ID for connection-based SL transmission, which is rather challenging in OoC scenario when UE autonomous SL connection establishment procedure is assumed.  
Observation 6: AS layer connection-based SL transmission can enable more flexible SL radio protocol configuration as well as common QoS management mechanism over SL and Uu.
Proposal 1: RAN2 is kindly asked to agree to support AS level connection-based SL communication for unicast and groupcast V2X in network coverage scenario.
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