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1 Introduction
During the SI phase, RAN2 discussed QoS management for NR V2X, and made the following agreement for unicast [1]:
	7. RLC AM is supported for NR SL unicast.


In LTE, only RLC TM (for SBCCH) and RLC UM (for STCH) are supported for sidelink. So the support of RLC AM is something new to be introduced into NR sidelink. In this paper, we give some initial discussions on how to support RLC AM for SL unicast. 
2 Discussion
During the SI stage, RAN2 agreed to introduce the PC5-RRC signalling for SL unicast, which is used to exchange UE capability and AS-layer configuration at least. A new logical channel, SCCH, to carry these PC5-RRC messages was also introduced accordingly. 
In Uu, the DCCH is used to convey the RRC messages and it is configured with RLC AM. This is to guarantee the reliability of related RRC message transmission. Similar to Uu, the SCCH which is used to convey the PC5-RRC messages should also be configured with RLC AM.
Proposal 1: RLC AM is supported for the SCCH in NR SL unicast.
By contrast, the RLC mode associated with STCH, i.e. those used for SLRBs for UP data transmission, in unicast can be configurable, instead of being fixed as RLC AM or RLC UM. 

Proposal 1a: RLC mode is configurable for the STCH for NR SL unicast.
2.1 Preliminaries for RB modelling in NR Uu and in LTE SL
In NR Uu, the radio bearer configured with RLC AM is a bi-directional bearer, which includes one PDCP entity, one RLC entity and one logical channel
. The RLC entity consists of a transmitting side and a receiving side. The RLC data PDU and the RLC status report (SR) are transmitted and received via the same RLC entity and the same logical channel (i.e. with the same LCID). The modelling of such bi-directional radio bearer is illustrated in Figure.1.
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Figure 1 Bi-directional Uu RB with RLC AM
In LTE SL, only RLC UM is supported for the SLRB. The LCID of each SLRB is unique within the scope of one Source Layer-2 ID (SRC L2 ID) and Destination Layer-2 ID (DST L2 ID) combination, no matter for unicast and groupcsat in D2D communication or for broadcast in V2X SL communication. So it can be understood that each SL radio bearer is identified by the combination of {LCID, SRC L2 ID, DST L2 ID} of its associated SL LCH. This means that, within a UE, any SLRB used for Tx and that used for Rx in a unicast link can never be the same, because the former is identified by the {SRC L2 ID, DST L2 ID} = {UE ID of the UE’s own, UE ID of the peer} but the latter is identified by {SRC L2 ID, DST L2 ID} = {UE ID of the peer, UE ID of the UE’s own} (i.e. in different order). For example, with respect to UE1 in Figure 2, the SLRB used for Tx to UE2 is identified by {UE1 ID, UE2 ID}, whereas the SLRB used for Rx from UE2 is identified by {UE2 ID, UE1 ID}. This means that an SL radio bearer, along with its associated PDCP/RLC entity and SL LCH in LTE SL unicast is uni-directional, either used for transmission only or reception only. The modelling of such uni-directional bearer is illustrated in the Figure.2.
Such uni-directional modelling is feasible in LTE SL, with one of the important reasons that only RLC UM is applied for STCH, so that an RLC entity needs to be used only for transmission or reception without the need to performing both.
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Figure 2 Uni-directional SL RB with RLC UM
2.2 Bi-directional vs. uni-directional SLRB for RLC AM in SL
To support RLC AM for NR SLRB (including SL DRB for UP data and SL SRB for PC5 RRC) in NR unicast, the first issue that needs to be discussed is whether the SLRB with RLC AM should be modelled as uni-directional bearer or bi-directional bearer. This aspect functions as the essence for all other detailed stage-3 designs subsequently. 
In the following discussions, we aim to identify some key issues that might first need to be considered and addressed to use each model to support RLC AM, before we can make the final discussion on which way to go.
· Option 1: Uni-directional SLRB for RLC AM
This option is trying to reuse as much as possible the modelling of uni-directional SLRB with RLC UM in LTE SL,  which is also the only RLC mode agreed to be supported for NR SL groupcast and broadcast. To be specific, each SL RB includes one PDCP entity, one uni-directional RLC entity and one SL logical channel. Moreover, the principle of LTE SL that the LCID of the logical channel is unique within one Source Layer-2 ID/Destination Layer-2 ID combination is still kept, meaning that the SLRB/SL LCH/PDCP entity/RLC entity used for Tx and those for Rx are still distinguished by the associated{SRC L2 ID, DST L2 ID} pair. 
Assuming UE1 is transmitting data to UE2 and the UE2 feedback the associated RLC SR to UE1, Figure 3 shows the modelling of this option.
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Figure 3 Uni-directional SL RB for RLC AM

Such uni-directional modelling is inherently applied for RLC UM, because there is no association between the RLC data PDU transmitted on the TX bearer and the RLC data PDU received on the RX bearer, so that there is no need to have any relationship between any TX bearer and RX bearer. However, if we also apply such unidirectional SLRB model for RLC AM, the situation becomes different, because there may need to be the association between the RLC data PDU and its RLC SR, i.e.: whether a RLC data PDU in a Tx RLC entity needs to be (re)transmitted depends on the RLC SR received in the corresponding Rx RLC entity (e.g. at UE1 side), and the SR derived by an Rx RLC entity needs to be submitted to the corresponding Tx RLC entity for its transmission (e.g. at the UE2 side). As a consequence, there should be an linkage between the TX SLRB used to transmit the RLC data PDU (RLC SR) and the RX SLRB used to receive the corresponding RLC SR (RLC data PDU), when the involved SLRB is configured as RLC AM.

Based on the example shown in Figure 1, when UE1 initiates the unicast traffic configured with RLC AM to UE2, UE1 may need to establish both a Tx SLRB and an associated Rx SLRB with UE2:

a) Assume that the LCID of the SL LCH associated with this Tx SLRB established by UE1 (according to NW configuration/pre-configuration) is LCID1, and UE1 tells UE2 in SL that the SL LCH of this SLRB (marked with LCID1) is configured with RLC AM as per the conclusion of the SI phase [2]; 
b) UE2 may establish an Rx SLRB with LCID1 for the data reception, and accordingly decide that a Tx SLRB with LCID2 is linked to this Rx SLRB and used to transmit the RLC SR for it, i.e. Rx SLRB with LCID 1 is linked with Tx SLRB with LCID2 in UE2. This also means that, from UE1’s perspective, it will receive the RLC SR by the RLC entity on the Rx SLRB with LCID2 for its data sent on the Tx SLRB with LCID1; 

c) When UE1 transmits RLC data PDU to UE2 with LCID 1, UE2 (when needed) will use the RLC entity of the Tx SLRB with LCID2 to transmit the SR corresponding to the MAC SDU received with LCID1 from UE1, i.e. transmitting the SR as a MAC SDU marked with {LCID2, SRC L2 ID of UE2, DST L2 ID of UE1}; 
d) After UE1 is made aware of the above “Tx-Rx” SLRB linkage made by UE2, UE1, after receiving that MAC SDU carrying RLC SR, knows that it is delivered from UE2 and should be delivered to the RLC entity of the Rx SLRB with LCID2. Then, based on the linkage UE1 got aware of before, the RLC SR is identified by RLC entity of the Rx SLRB with LCID2 and submitted to the Tx SLRB with LCID1 as the feedback.
Based on above analyses, we see that at least the following issues need to be solved in order to support such uni-directional SLRB modelling for RLC AM: 1) how a UE links an Rx SLRB to a Tx SLRB configured with RLC AM to enable the RLC entity of the later to send RLC SR generated by the former; 2) how the two UEs in a unicast link are aligned with such “Tx-Rx” SLRB linkage (as in above bullet b and d). 
Observation 1: If RAN2 intends to adopt the uni-directional SLRB modelling to support RLC AM in unicast, at least the following issues should be addressed first:

· How does a UE link an Rx SLRB to a Tx SLRB configure with RLC AM to enable the RLC entity of the later to send RLC SR generated by the former;

· How do the two UEs in a unicast link get aligned with each other on such “Tx-Rx” SLRB linkage? 

Also note that above operations inevitably need some forms of correlations between SLRBs withinthe same UE. This factor may also need to be considered when we make the final decision on whether to adopt uni-directional SLRB modelling for RLC AM. 

Observation 1a: Inter-SLRB operations within one UE may inevitably be needed for the uni-directional SLRB modelling to support RLC AM in unicast.
· Option 2: Bi-directional SLRB modelling for RLC AM 
This option is trying to reuse the modelling of the bi-directional RB with RLC AM in Uu. To be specific, each SLRB includes one PDCP entity, one bi-directional RLC entity and one SL logical channel. Moreover, the LCID of the logical channel is no longer uniquely identified by {SRC L2 ID, DST L2 ID} combination which differentiates who is the source and who is the destination between the two UEs; instead, it should be unique within one unicast connection, e.g. no more differentiation on the order of UE1 ID and UE2 ID included in the {SRC L2 ID, DST L2 ID} combination. 
Assuming UE1 is transmitting data to UE2 and UE2 feedback the associated RLC SR to UE1, Figure 4 shows the modelling of this option.
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Figure 4 Bi-directional SL RB for RLC AM
Such bi-directional SLRB modelling has never been applied in LTE SL, so below we may need to analyze how it works with an analogy to NR Uu and based on the agreements we made for NR-configured/pre-configured SLRBs during SI phase. 
Based on the example shown in Figure 4, when UE1 initiates the unicast traffic configured with RLC AM to UE2, UE1 established one bi-directional SLRB which includes the Tx side and Rx side as in Uu with UE2, instead of two SLRBs respectively for Tx and Rx as in above Option 1: 
a) Assume that the LCID of the SL LCH associated with this SLRB (as per NW configuration/pre-configuration) established by UE1 is LCID1 which is unique within the unicast connection between UE1 and UE2, and UE1 indicates UE2 in SL that the SL LCH of this SLRB (marked with LCID1) is configured with RLC AM as per the conclusion of the SI phase [2];
b) Then, UE2 needs to establish a corresponding SLRB with RLC AM and LCID1 also, as per the NW configuration/pre configuration. This SLRB with LCID1 in UE2 not only receives data (i.e. RLC data PDU) with its RLC entity from, but also sends RLC SR to the SLRB with LCID1 in UE1. Additionally, at the UE1 side, the SLRB with LCID1 will receive, by its Rx side, the SR for its own data transmission. These mean that UE2 needs to be ensured to have also RLC AM on the SLRB with LCID1, i.e. being aligned with UE1 on the SLRB with the same LCID;
c) When UE1 transmits RLC data PDU to UE2 with LCID1 , UE2 (when needed) will use the RLC entity of the SLRB with LCID1 to transmit the SR corresponding to the RLC PDU with the same LCID value from UE1, i.e. transmitting the SR as a MAC SDU marked with LCID1 and the connection ID between UE1 and UE2 (e.g. identified by the combination of {UE1 ID, UE2 ID} without order); 
d) Since in this bi-directional SLRB option the SR received with an LCID automatically applies to the RLC entity associated with the same LCID, UE1 after receiving that MAC SDU, first knows this MAC SDU is delivered from UE2 to itself, and should be delivered to the RLC entity of the SLRB with LCID1. Then, the RLC SR is identified by the RLC entity of SLRB with LCID1 inside UE1 as the feedback for the previous data transmission.

Based on the above analyses, we see that at least an issue as follows needs to be solved, i.e: if a UE has already established a bi-directional SLRB with RLC AM, how to ensure its peer UE to have the same RLC mode on the SLRB with the same LCID as per also NW-/pre-configuration (i.e. to avoid RLC mode misalignments)? This is crucial, since if the peer UE is configured by the NW or following pre-configuration to establish an RLC UM based SLRB with the same LCID, no ARQ feedback would be able to be transmitted, so that the RLC AM is then not actually supported on this SLRB. 
Observation 2: If RAN2 intends to adopt the bi-directional SLRB modelling to support RLC AM in unicast, at least this issue should be first addressed: if one of the UEs has already established a bi-direction SLRB with RLC AM via NR-configuration/per-configuration, how to ensure its peer UE to be also (pre-)configured with RLC AM on the SLRB with the same LCID?
It is further noted that, specifically for the case that a UE requests dedicated SLRB configurations from the gNB (e.g. when the UE is in RRC_CONNECTED), it may require the gNB of the UE to configure an SLRB by following the RLC mode of its peer UE, if the peer UE had already established the SLRB of the same LCID with RLC AM before and indicated this to the UE in SL. 
Observation 2a: In bi-directional SLRB modelling, when the gNB configures an SLRB to a UE as requested (e.g. when the UE is in RRC_CONNECTED), it may inevitably has to follow the RLC mode already adopted and indicated by its peer UE on the SLRB with the same LCID.
Above, the basic issues on supporting uni-directional or bi-directional SLRBs for SL unicast RLC AM were elaborated respectively. RAN2 is suggested to choose the SLRB modelling for SL RLC AM support by taking into account the above issues. 

Proposal 2: RAN2 to decide whether to adopt uni-directional or bi-directional SLRB modelling for RLC AM support in SL unicast, by taking into account their respective issues as shown in above Observations.
3 Conclusion

In this paper we discuss whether to select uni-directional or bi-directional SLRB modelling to support RLC AM mode, and identify the specific issues that have to be addressed for either modelling respective. Observations are as follows for some basic issues that need to be addressed for uni-/bi-directional SLRB modelling:
Issues to be solved for uni-directional SLRB

Observation 1: If RAN2 intends to adopt the uni-directional SLRB modelling to support RLC AM in unicast, at least the following issues should be addressed first:

· How does a UE link an Rx SLRB to a Tx SLRB configure with RLC AM to enable the RLC entity of the later to send RLC SR generated by the former;

· How do the two UEs in a unicast link get aligned with each other on such “Tx-Rx” SLRB linkage? 

Observation 1a: Inter-SLRB operations within one UE may inevitably be needed for the uni-directional SLRB modelling to support RLC AM in unicast.
Issues to be solved for uni-directional SLRB

Observation 2: If RAN2 intends to adopt the bi-directional SLRB modelling to support RLC AM in unicast, at least this issue should be first addressed: if one of the UEs has already established a bi-direction SLRB with RLC AM via NR-configuration/per-configuration, how to ensure its peer UE to be also (pre-)configured with RLC AM on the SLRB with the same LCID?
Observation 2a: In bi-directional SLRB modelling, when the gNB configures an SLRB to a UE as requested (e.g. when the UE is in RRC_CONNECTED), it may inevitably has to follow the RLC mode already adopted and indicated by its peer UE on the SLRB with the same LCID.
Proposals are given as follows:

Proposal 1: RLC AM is supported for the SCCH in NR SL unicast.

Proposal 1a: RLC mode is configurable for the STCH for NR SL unicast.
Proposal 2: RAN2 to decide whether to adopt uni-directional or bi-directional SLRB modelling for RLC AM support in SL unicast, by taking into account their respective issues as shown in above Observations.
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� For simplicity, the PDCP duplication case is not considered throughout this paper


� The naming “SLRBx” in Figure 3 and 4 just corresponds to the “SLRB with LCIDx” used in the discussion texts.
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