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1
Introduction
In the last RAN2 meeting, the SL RLC related issues were discussed. For the RLC AM, RAN2 reached the following agreement [1]:

	One bi-directional SLRB based RLC AM is taken as the baseline for SL RLC design. FFS possible enhancements.


In this contribution, we discuss this FFS issue.
2
Discussion
In this paper, we mainly focus on the case as shown in the figure below that UE1 initiates the establishment of a bi-directional SLRB with RLC AM for data transmission, and informs UE2 which then establishes the corresponding SLRB for data reception from UE1 as well as RLC status report (RLC SR) transmission  to UE1.
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Figure 1
To support the RLC AM with one bi-directional SLRB, the first issue needing to be considered is how the RX UE (for data) can get the TX parameters for RLC SR transmission on the same SLRB for data reception.

If we look at the RLC configuration in Uu, the following are the related parameters for RLC AM which are also needed in the SL. Among them, the ones that are highlighted in yellow are needed for the RLC SR transmission. Next, we will analyse those parameters one by one in the SL case.
	
	Configurations

	RLC-BearerConfig
	Associated DRB ID

	
	Logical channel ID

	RLC-Config
	RLC Mode (AM, UM or TM)

	
	sn-FieldLength                                                 

	
	t-PollRetransmit

	
	pollPDU

	
	pollByte

	
	maxRetxThreshold

	
	t-Reassembly   

	
	t-StatusProhibit

	mac-LogicalChannelConfig
	priority

	
	prioritisedBitRate

	
	bucketSizeDuration

	
	configuredGrantTypeAllowed

	
	logicalChannelGroup

	
	scheudlingRequestID

	
	logicalChannelSR-DelayTimerApplied


· SLRB ID, Logical channel ID and RLC mode.

If the bi-directional SLRB is used for RLC AM, it means the SLRB used by UE1 for data transmission from UE1 to UE 2 and that used for corresponding RLC SR transmission from UE2 to UE1should share the same LCID and SLRB ID, and both the UEs should configure the RLC mode of that SLRB as AM. In the last meeting, the following agreements have been made:

	1-1: For SL unicast, SLRB Identity is both Tx and Rx parameter.

4-1: RLC mode is both Tx and Rx parameter and applicable to SL unicast.

5-1: LogicalChannelIdentity is both TX and RX parameter and applicable to SL unicast.


According to these agreements, SLRB ID/LCID and RLC mode are both Tx and RX parameters for unicast, which means that when UE1 initiates SLRB establishment with UE2 for data transmission, UE1 shall notify also these parameters to UE2 via PC5-RRC message. This enables UE2 to use the same SLRB ID/LCID/RLC AM mode with UE1 for the bi-directional SLRB, thus avoiding misalignment between the two UEs. 

Proposal 1: For the RLC SR transmission over a bi-directional SLRB, the UE which initiates the establishment of the SLRB signals the SLRB ID/LCID and the RLC mode used for this SLRB to its peer UE which in turn establishes a corresponding SLRB with these parameters for RLC SR transmission.
Then there is the potential SLRB ID/LCID collision issue. Next we will analyse the details of such issue.

1) LCID collision

We take the example as shown in Figure 2 to illustrate this issue. UE1 is in RRC_CONNECTED while UE2 is in OOC. At T1, the QoS flow A whose destination is UE2 arrives at UE1. After reporting the QoS profile of this QoS flow to the gNB, this QoS flow is configured by the gNB to be mapped to SLRB 1 with RLC AM mode and with LCID=1. After the AS configuration exchange via PC5-RRC between the two UEs, both UE1 and UE2 establish the bi-directional SLRB1. At T2, the QoS flow B whose destination is UE1 arrives at UE2. According to the pre-configuration, this QoS flow is mapped to SLRB 2 with RLC UM mode and with LCID=1. After the AS configuration exchange via PC5-RRC between the two UEs, both the UE1 and the UE2 establish the uni-directional SLRB2. 
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Figure 2
In this case, the problem is occurring at the UE1 when its MAC receives an MAC SDU associated with LCID1, since the UE1’s MAC cannot differentiate whether this MAC SDU is the RLC SR for SLRB1 or the RLC data of SLRB2.The reason that causes this problem is the absence of coordination of LCID assignment between the NW configuration and the pre-configuration, and such a problem may not be limited to only this specific case, but may also happen to the cases where the two UEs follow the LCID assignment of two different gNBs respectively (that may have no coordination of LCID assignments either). 
To address this issue, the LCID can be allocated by the UE itself, instead of being configured by NW or included in the pre-configuration, so that the peer UEs can negotiate appropriate LCID assignment autonomously.

Proposal 2: The LCID is assigned by the UE for each configured SLRB.

2) SLRB ID collision

We take the example as shown in Figure 3 to illustrate this issue. UE1 is in RRC_CONNECTED while UE2 is in OOC. At T1, the QoS flow A whose destination is UE2 arrives at UE1. After reporting the QoS profile of this QoS flow to the gNB, this QoS flow is configured by the gNB to be mapped to SLRB 1 with RLC AM mode and with LCID=1. After the AS configuration exchange via PC5-RRC between the two UEs, both the UE1 and the UE2 establish the bi-directional SLRB1. At T2, the QoS flow B whose destination is the UE1 arrives at the UE2. According to the pre-configuration, this QoS flow is mapped to SLRB 1 with RLC UM mode and with LCID=2. After the AS configuration exchange via PC5-RRC between the two UEs, both the UE1 and the UE2 establish the uni-directional SLRB1.
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Figure 3
Suppose that these two SLRBs are both established over the link identified by the same SRC Layer-2 ID and DST Layer-2 ID pair (i.e. on the same PC5-S link). Then the problem is that due to the colliding SLRB assignment between NW configuration and pre-configuration, the SLRB ID = 1 is associated with actually two SLRBs established (i.e. two PDCP entities and two RLC bearers). This is obviously unacceptable, because for a packet mapped to this SLRB, it is ambiguous to which PDCP entity the packet should be submitted. 

To solve this issue, one way is to let the UE assign the SLRB ID by itself, which is similar with the way of LCID assignment proposed above. However, this may result in another issue, i.e. how to index the SLRB configurations and the possible reconfigurations in the dedicated signalling from the NW, as this self-assigned SLRB ID by the UE may be invisible to the NW. RAN2 can discuss whether in this case the SLRB ID can be assigned by UE themselves or not. 
Proposal 3: RAN2 to discuss whether the SLRB ID can be assigned by the UE itself for each configured SLBR.
· LogicalChannelConfig

In the last meeting, RAN2 has made the following agreements for the logical channel related parameters.

	5-2: LogicalChannelGroup is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-3: Priority is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-4: PrioritizedBitRate is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-5: BucketSizeDuration is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-6: ConfiguredGrantType1Allowed is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-7: SchedulingRequestID is Tx only parameter and applicable to SL broadcast, groupcast and unicast.

5-8: LogicalChannelSR-DelayTimerApplied is Tx only parameter and applicable to SL broadcast, groupcast and unicast.


According to the above agreements, these parameters are Tx only parameters for unicast, which means that when UE1 initiates the SLRB establishment with UE2 for data transmission, UE1 shall not notify these parameters to UE2 via the PC5-RRC message. Therefore, for the bi-directional SLRB, the UE2 needs to obtain these parameters by itself in order to transmit the RLC SR over this SLRB. Then the issue is how the UE2 can obtain these parameters, especially when no traffic has been initiated by the upper layer of UE2 to be transmitted on the established SLRB. 

·  If UE2 is in RRC_CONNECTED, these parameters should be configured by the gNB. Especially for Mode 1, the gNB needs to know the logical channel configurations in order to schedule the resource for UE based on the SL BSR. This requires UE2 to send an indication to the gNB to request such parameters upon it receives the bi-directional SLRB establishment request from UE1. In the indication, UE2 can report the LCID and/or the SLRB ID of this bi-directional SLRB as well as the QoS profiles that mapped to this SLRB. Then based on this indication and the QoS profiles, the gNB can configure the logical channel related parameters for UE2. 
·  If UE2 is in RRC_IDLE or in OOC, how to configure these parameters can be up to UE implementation (as it can get the QoS profile of this SLRB established by UE1 from SL). 
Proposal 4: For the RLC SR transmission over a bi-directional SLRB, the UE in RRC_CONNECTED reports the SLRB ID/LCID of the bi-directional SLRB as well as the corresponding QoS profiles to the gNB in order to request the mac-LogicalChannelConfig for this SLRB, and it configures the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of gNB.
Proposal 5: For the RLC SR transmission over a bi-directional SLRB, the UE in RRC_IDLE or in OOC can configure the parameters of mac-LogicalChannelConfig by UE implementation.
· sn_FieldLength

For this parameter, the agreement is “RLC SN field length is both Tx and Rx parameter and applicable to SL broadcast, groupcast and unicast”. This means that after establishing an SLRB, UE1 shall notify the sn_FieldLengh to UE2 via the PC5-RRC message. Then the UE2 can use this as the field length of the ACK_SN and NACK_SN in the RLC SR. 

Proposal 6: For the RLC SR transmission over a bi-directional SLRB, the sn_FieldLength as aligned between the two UEs via PC5 RRC is used as the field length of the ACK_SN and NACK_SN in the RLC SR.

·  t-StatusProhibit 

For this parameter, the agreement is “t-StatusProhibit timer is Rx only parameter and applicable to SL unicast”. In addition, it is also agreed that for SL unicast, it is up to UE implementation on how to set the RX only parameter. Although in our understanding, this parameter is used to control the transmission of the RLC SR, i.e., it is not use for reception, it has no problem to leave the setting of this parameters to UE implementation.

Proposal 7: For the RLC SR transmission over a bi-directional SLRB, the value of t-StatusProhit is set by UE implementation.
For the bi-directional SLRB, the same LCID (e.g. LCID1) is used for data transmission from UE1 to UE2 and the RLC SR transmission from the UE2 to UE1. When UE1 transmits RLC data PDU to UE2 with LCID1, UE2 will use the RLC entity of the SLRB with the same LCID value from UE1 to transmit the SR corresponding to the RLC PDU, i.e. transmitting the SR as a MAC SDU marked with LCID1 and the connection ID between UE1 and UE2. 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 that 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. So, for the bi-directional SLRB, the RLC SR and the corresponding data are linked via the same LCID naturally.

For the uni-directional SLRB, the logical channel is uniquely identified by {SRC L2 ID, DST L2 ID} combination which differentiates who is the source and who is the destination, i.e. the logical channel of the uni-directional SLRB is either used for transmission or is used for reception. However, for bi-directional SLRB, there should not be such differentiation on the order of UE IDs in the {SRC L2 ID, DST L2 ID} combination. In other words, the logical channel of a bi-directional SLRB with a specific can be used by a UE to transmit data and RLC SR, as well as receive data and transmit RLC SR. 

Proposal 8: For the bi-directional SLRB used to support the RLC AM, its logical channel should be used for both transmission and reception, and it should be unique within one unicast connection, e.g. no more differentiation on the order of UE IDs included in the {SRC L2 ID, DST L2 ID} combination. 
3
Conclusion

In this paper we give some further analysis on the potential issues of the bi-directional SLRB and uni-directional SLRB modelling for RLC AM with respect to the SLRB configuration for RLC SR transmission and the linkage between the RLC SR and the corresponding data. Following are the list of observations and proposal.  

Proposal 1: For the RLC SR transmission over a bi-directional SLRB, the UE which initiates the establishment of the SLRB signals the SLRB ID/LCID and the RLC mode used for this SLRB to its peer UE which in turn establishes a corresponding SLRB with these parameters for RLC SR transmission.
Proposal 2: The LCID is assigned by the UE for each configured SLRB.

Proposal 3: RAN2 to discuss whether the SLRB ID can be assigned by the UE itself for each configured SLBR.
Proposal 4: For the RLC SR transmission over a bi-directional SLRB, the UE in RRC_CONNECTED reports the SLRB ID/LCID of the bi-directional SLRB as well as the corresponding QoS profiles to the gNB in order to request the mac-LogicalChannelConfig for this SLRB, and it configures the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of gNB.

Proposal 5: For the RLC SR transmission over a bi-directional SLRB, the UE in RRC_IDLE or in OOC can configure the parameters of mac-LogicalChannelConfig by UE implementation.
Proposal 6: For the RLC SR transmission over a bi-directional SLRB, the sn_FieldLength as aligned between the two UEs via PC5 RRC is used as the field length of the ACK_SN and NACK_SN in the RLC SR.

Proposal 7: For the RLC SR transmission over a bi-directional SLRB, the value of t-StatusProhit is set by UE implementation.
Proposal 8: For the bi-directional SLRB used to support the RLC AM, its logical channel should be used for both transmission and reception, and it should be unique within one unicast connection, e.g. no more differentiation on the order of UE IDs included in the {SRC L2 ID, DST L2 ID} combination.
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