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1 Introduction
In the last RAN2 #103 meeting [1], NR sidelink design to support different communication types, i.e. unicast, groupcast and broadcast has been discussed, and the following agreements were made:

	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.


RAN2 has agreed to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink, including ARQ support. In this contribution, we will further discuss the support of RLC modes for different communication types in NR sidelink.
2 Discussion
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Fig.1 Overview model of RLC sublayer
As shown in Fig.1 [2], three RLC modes are defined in NR Uu (also in LTE Uu), i.e. TM, UM and AM. A TM RLC entity can be configured to submit/receive RLC PDUs through control channels, including BCCH, DL/UL CCCH, and PCCH, and a TM RLC entity does not support segmentation of RLC SDUs. UM RLC entity can be configured to submit/receive RLC PDUs through DL/UL transport channels, and AM RLC entity can be configured to submit/receive RLC PDUs through DL/UL transport channels or dedicated control channels. The main difference between UM and AM is whether ARQ shall be supported.
As in Fig.1, for each AM RLC entity, bi-directional communication shall be supported, which means an AM RLC entity will be associated with a UL logical channel and a DL logical channel. For an AM RLC entity, the status report for UL transmission will be received from the associated DL logical channel, and vice versa. 
In the following part, we will analyse which RLC modes should be supported for the different transmission mechanism.
2.1 RLC mode support for broadcast 
In LTE V2X, only broadcast communication is supported, and only RLC UM is adopted. In NR V2X, we think such principle can be a start point for broadcast, i.e. RLC UM should be supported for broadcast communication. 

Observation 1: In LTE V2X, only RLC UM mode is supported for broadcast communication.

For RLC TM mode, segmentation is not supported. As we know, the main benefit of segmentation is to sufficiently utilize the allocated grant, in order to avoid filling useless padding bits in the MAC PDU during the LCP procedure. If RLC TM mode is adopted for broadcast, most MAC PDUs will have to be filled with a lot of padding bits. This will result in a waste of wireless transmission resources. Thus, we think RLC TM shall not be supported for broadcast communication in NR sidelink.
In broadcast communication, the transmitter will disseminate messages to all the receivers interested to receive the corresponding messages in proximity. However, the transmitter does not know how many receivers are nearby, and which receiver nearby is interested to receive its messages. Thus it is unrealistic to establish and maintain AS-level connections between the transmitter and potential receivers. If the transmitter adopts an RLC AM entity to transmit messages, it’s difficult for the potential receivers to have this knowledge in prior, and the receivers are not sure whether a RLC AM entity or a RLC UM entity should be adopted to handle the received messages if both RLC AM and RLC UM are supported.  
Proposal 1: For broadcast communication, only RLC UM mode is supported.
2.2 RLC mode support for unicast
Similar to the analysis of RLC TM support for broadcast, we think RLC TM shall not be supported for unicast communication in NR sidelink.

As for RLC UM, it is suitable for some service with low reliability but relative stringent latency requirement. Considering the requirements for different use cases defined in [3] and [4], we can find that unicast transmission is needed for some scenarios, e.g. Extended Sensors, where different vehicles will share their sensor data with each other. The performance requirement of R.5.4-002 (for Extended Sensors) has been defined in Table 5.4-1 in [3], and 95% reliability and 10 ms latency are required. Such reliability is easy to be fulfilled even though blind HARQ retransmission, and ARQ retransmission is not needed at least for this use case. Thus we propose RLC UM should be supported for unicast in NR sidelink.
In the last RAN1 #94bis meeting, the following agreements have been achieved:

	Agreements:

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including 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


HARQ feedback based retransmission will be supported for unicast, which can provide high reliability. However, it may be difficult to only rely on HARQ feedback to realize the extra high reliability, since there is a risk that receiver UE mistakenly parses NACK to ACK due to bad channel quality. For some advanced V2X use cases, reliability as high as 99.999% should be supported, such as R.5.4-003 for extended sensors. Thus, ARQ can be considered as a complementary of HARQ to guarantee high reliability requirements. 
For unicast, the relationship between Tx UE and Rx UE is similar to that between a UE and a gNB. For a specific unicast connection between Tx UE and Rx UE, several SLRBs may be maintained by each UE. If AM RLC mode is adopted by a SLRB, the model in Fig.2 can be applied. The AM RLC entity will be associated with a Tx SL LCH and a Rx SL LCH, and supports bi-directional communication. The Tx UE will send RLC PDUs through Tx SL LCH, and receive the status report from the Rx UE through the Rx SL LCH. The AM RLC entity will parse the received status report, and decide which RLC PDUs should be retransmitted. The ARQ related procedures for NR Uu can be taken as baseline for NR sidelink, including polling, status reporting, and retransmission. Thus we propose RLC AM shall be supported for unicast in NR sidelink.
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Fig.2 Model of AM RLC support for unicast
When both RLC UM mode and RLC AM mode can be supported for unicast, two UEs who establish and maintain a unicast connection should have a common understanding on which RLC mode should be adopted for a specific SLRB. In our companion paper [5], radio bearer configuration for NR sidelink can realize this. We think RLC mode should be a part of SLRB configuration for a unicast connection.
Proposal 2: For unicast communication, both RLC AM mode and UM mode are supported.

Proposal 2a: Indication on which RLC mode is adopted is a part of SLRB configuration for a unicast connection.

2.3 RLC mode support for groupcast

Similar to the analysis of RLC TM support for broadcast and RLC UM support for unicast, we think for groupcast in NR sidelink, RLC TM shall not be supported either, and RLC UM should be supported. 

For groupcast, ARQ combined with HARQ feedback based retransmission can guarantee extreme high reliability. However, some aspects need to be considered to support AM RLC for groupcast. In the current AM RLC mode, each AM RLC entity supports bi-directional communication, which means a specific AM RLC entity will send RLC PDUs to its corresponding AM RLC entity through lower layers, and will receive not only status reports but also RLC data PDUs from its corresponding AM RLC entity. For groupcast, if AM RLC mode is supported, an AM RLC entity in a Tx UE will communicate with multiple corresponding AM RLC entities in different Rx UEs. In fact, each Rx UE may also act as a transmitter to send messages to other group members. In this scenario, the AM RLC entity in the Tx UE will receive not only status reports but also RLC PDUs from multiple AM RLC entities of different Rx UEs. Then, one problem needs to be considered is how one single AM RLC entity to handle RLC PDUs from different UEs. For a specific RLC PDU sent out by the Tx UE, some Rx UEs may receive it correctly, and will indicate successful reception of this PDU in the status reports. However some other Rx UEs may miss this PDU, and indicate unsuccessful reception of this PDU in their status reports. Then, another problem needs to be considered is how the Tx UE to decide which RLC PDUs should be retransmitted based on the status reports indicating contrary reception statuses from different Rx UEs. 
Considering the benefit and potential problems, we propose that it is FFS whether RLC AM shall be supported for groupcast in NR sidelink.
Proposal 3: For groupcast communication, at least RLC UM is supported. FFS whether RLC AM mode is supported.
3 Conclusion

In this paper, we have discussed the RLC mode support for unicast, groupcast and broadcast in NR sidelink. And we gave the following observations and proposals:
Observation 1: In LTE V2X, only RLC UM mode is supported for broadcast communication.

Proposal 1: For broadcast communication, only RLC UM mode is supported.

Proposal 2: For unicast communication, both RLC AM mode and UM mode are supported.

Proposal 2a: Indication on which RLC mode is adopted is a part of SLRB configuration for a unicast connection.
Proposal 3: For groupcast communication, at least RLC UM is supported. FFS whether RLC AM mode is supported.
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