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1
Introduction
After last RAN2 meeting, an email discussed on SL RLC has been triggered [1]. One of the issues that were discussed there is how the RLC AM works for the SL unicast. Generally, there are two bearer modelling to support the RLC AM for the SL unicast, i.e., bi-directional bearer and uni-directional bearer. For both of these bearers, some potential issues are listed in [1]. According to the responses from the companies who are interested in this issues, it seems that 1) the majority is preferring to take the bi-directional bearer modelling as the baseline for further investigation. However, it seems that people have different understanding on the potential issues for this option; 2) some companies suggest to postpone the down-selection investigation considering this is the first time to widely discuss this tough issue.
In this contribution, we would like to give some further analysis on the two bearer modelling for the SL RLC AM by taking into account the output of the email discussion.
2
Discussion
In LTE SL, only RLC UM is supported for the SL data transmission between two UEs and the uni-directional bearer modelling is used for the RLC UM. The key difference of RLC AM compared with RLC UM in SL is to support the RLC Status report (SR) for the corresponding SL data transmission. In this sense, we think the discussion can be summarized into the following two aspects: 1) How to configure the SLRB for the transmission of the RLC SR, which is a control plane issue and 2) how to link the RLC SR with the corresponding data, which is a user plane issue. So, in the next sections we will discuss these two aspects for both of the bi-directional bearer modelling and the uni-directional bearer modelling. For the purpose of explanation, we assume that the UE1 is the UE to transmit the data and UE2 is the UE to feedback the RLC SR in one SL unicast connection.
2.1 SL RB configuration for RLC SR transmission

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.

	
	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


The above parameters can be categorized into five groups as highlighted in different colours.

·  Group 1 parameters (highlighted in yellow): the ones that are related to both TX and RX for both data and RLC SR and need to be aligned with the peer UEs.

·  Group 2 parameters (highlighted in green): the ones that are only related to data TX.

·  Group 3 parameters (the ones highlighted in red): the ones that are only related to RX for data.

·  Group 4 parameters (the ones highlighted in purple): the ones that are only related to TX for RLC SR.

·  Group 5 parameters (the ones highlighted in grey): the ones that are only related to TX for both data and RLC SR.

For the Group 2 and Group 3 parameters, we can follow the general agreements on the SLRB configurations for the TX only related parameters and RX only related parameters. Also, for the Group 1 parameters which are used for the data TX and RX, we can follow the general agreements on the SLRB configurations for the SLRB parameters that are related to both TX and RX. Following table gives the summary of the current status for the above parameter configurations for SL unicast.
	SLRB parameters configuration
	Tx only
	Both Tx and Rx
	Rx only

	TX UE in RRC_Connected
	Configured by the gNB in dedicated RRC signalling
	Configured by the gNB in dedicated RRC signalling for TX UE, and Configured via PC5 RRC signalling for the Rx UE by the Tx UE
	FFS (depending on the conclusion of [106#81])

	TX UE in RRC_Idle/Inactive
	Configured by the gNB in SIB
	Configured by the gNB in SIB for TX UE, and configured via PC5 RRC signalling for the Rx UE by the Tx UE
	FFS (depending on the conclusion of [106#81])

	TX UE out-of-coverage
	Pre-configuration
	Pre-configuration for the TX UE, and configured via PC5 RRC signalling for the Rx UE by the Tx UE
	FFS (depending on the conclusion of [106#81])


Then the controversial issue is how to configure the Group 1, Group 4 and Group 5 parameters for the SLRB with RLC AM for RLC SR TX and RX.
Among those parameters, one special one is the sn_FieldLength. In Uu, for the RLC AM bearer, different sn_FieldLength can be configured for uplink and downlink, and the field length of the ACK_SN in the RLC SR is the same as the one configured for its associated data in the opposite direction instead of the data transmitted in the same direction. For the SL, we think such principle should be followed, and this principle is independent of the SLRB modelling.
A)  RLC AM is supported by one bi-directional SLRB
· For Group 1 parameters:

If the bi-directional SLRB is used for RLC AM, it means that two UEs shall use the same SLRB for data transmission from UE1 to UE 2 and for RLC SR transmission from UE2 to UE1. For such SLRB, the two UEs should use the same LCID and SLRB ID, and both the UEs should configure the RLC mode of SLRB as AM. To achieve this and avoid any configuration collision on the SLRB ID/LCID and RLC mode, the simplest way is the UE2 follows the configurations of SLRB for data TX from UE1 to UE2 in terms of SLRB ID/LCID and RLC mode for RLC SR TX. 
Observation 1: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the SLRB ID/LCID and RLC mode for this SL RB by following the configurations of the SLRB for data transmission from the peer UE.

· For Group 4 parameters:
The parameter t-StatusProhibit is only relevant to the RLC SR transmission. There are three options to configure this parameter for the UE2 for RLC SR TX.
· Option 1: The UE1 configures it via the PC5-RRC to the UE2;

· Option 2: The UE2 obtains the value from its gNB or its pre-configuration; 

· Option 3: The UE2 obtains the value by UE implementation.
This parameter is used to control the signalling overhead over the Uu interface caused by the frequent transmission of RLC SR. So in this sense, we think at least for the case of in-coverage UE the Option 2 is more reasonable.
Observation 2: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR and in-coverage, should configure the parameter t-StatusProhibit for this SLRB by following the configurations of its gNB.
· For Group 5 parameters:
These parameters are relevant to both the data transmission and RLC SR transmission. There are two options to configure these parameters for the UE2 for RLC SR TX.
· Option 1: The UE1 configures them via the PC5-RRC to the UE2;

· Option 2: The UE2 obtain these values from its gNB or its pre-configuration;

For option1, it means that the gNB of the UE2 should follow the SLRB configuration of the UE1’s gNB (for the case that UE 2 and UE 1 are in different gNB) or the gNB of the UE2 should follow the UE1’s pre-configuration (for the case that UE 2 is in-coverage and UE 1 is out-of-coverage) in terms of logical channel parameters configuration. From NW point of view, both of them are not acceptable. So, option 2 is more reasonable.
Observation 3: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of its gNB or its pre-configuration.
B)  RLC AM is supported by two uni-directional SLRBs
· For Group 1 parameters:

If the uni-directional SLRB is used for RLC AM, it means that two UEs shall use two different SLRBs for data transmission from UE1 to UE 2 and for RLC SR transmission from UE2 to UE1. The SLRB ID and LCID of these two SLRBs can be configured separately. Even if the same SLRB ID and LCID are configured for the SLRBs, there are no problem, since they are associated with different (SRC L2 ID, DST L2 ID) combination. 
Observation 4: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, can configure the SLRB ID/LCID for this SL RB by following the configurations of its gNB or its pre-configuration.
Although using the RLC UM to transmit the RLC SR is technical feasible, it is strange to configure the SR related parameters for the RLC UM. So both of the SLRBs that are used for transmission of data requiring ARQ and used for RLC SR transmission should be configured as RLC AM. This means that for the QoS flows with the same QoS requirements, both the gNB and the pre-configuration should configure the same RLC mode for the SLRB(s) that these QoS flows are mapped to.
· For Group 4 parameters:
The analysis on the configuration of this parameter and the observation for the bi-directional bearer are also applied for the uni-directional bearer.
Observation 5: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR and in-coverage, should configure the parameter t-StatusProhibit for this SLRB by following the configurations of its gNB.
· For Group 5 parameters:
The analysis on the configuration of these parameter and the observation for the bi-directional bearer are also applied for the uni-directional bearer.

Observation 6: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of its gNB or its pre-configuration.
2.2 Linkage between the RLC SR and the corresponding data
A) RLC AM is supported by one bi-directional SLRB
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 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. 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. 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 ID in the {SRC L2 ID, DST L2 ID} combination. In other words, the logical channel of the bi-directional SLRB can be used by the UE 1 to transmit the data and receive the RLC SR, as well as can be used by UE 2 to receive the data and transmit the SR. 

Observation 7: If the bi-directional SLRB is 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 UEID included in the {SRC L2 ID, DST L2 ID} combination.
B) RLC AM is supported by two uni-directional SLRBs

If two uni-directional SLRBs are used to support the RLC AM, there must be a way to link the associated SLRB with TX RLC entity and SLRB with RX RLC entity. In particular, for UE1, its RX RLC entity should understand the RLC status report received from RX UE is for which TX RLC entity, while for UE2, its RX RLC entity should know which TX RLC entity the RLC status report should be forwarded to. To align the linkage of the two uni-directional SLRBs at both the UE1 and UE2, there could be the following two options:

· Option 1: restrict that the same LCID value is configured for the two uni-directional SLRB. With this option, there is no need to exchange the configuration of the linkage between the two UEs. However, this may cause the configuration collision issue as in the bi-directional SLRB modelling.

· Option 2: The LCID value of the two uni-directional SLRBs are configured independently by the two UEs. With this option, the UE2 can determine the linkage between the SL RBs for data receiving and the SL RB for RLC SR transmission, and share such linkage to the UE1 via the PC5-RRC message. With this linkage, the UE1 can know the RLC status report received from UE2 is for which TX RLC entity. Compared with option 1, this option provide more flexibility.
Observation 8: If the uni-directional SLRB is used to support the RLC AM, the TX UE (for data) should know the linkage between the SLRB for data transmission and the SLRB for RLC SR, while the RX UE (for data) should know the linkage between the SLRB for data reception and the SLRB for RLC SR transmission. Such linkage should be shared between the TX UE and RX UE via the PC5-RRC message.
Based on the above analysis, we have the following proposal:

Proposal: RAN2 is kindly asked to down select between the bi-directional SLRB and uni-directional SLRB for RLC AM by taking into account the above observations.  
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.  

Observation 1: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the SLRB ID/LCID and RLC mode for this SL RB by following the configurations of the SLRB for data transmission from the peer UE.

Observation 2: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR and in-coverage, should configure the parameter t-StatusProhibit for this SLRB by following the configurations of its gNB.
Observation 3: If the bi-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of its gNB or its pre-configuration.
Observation 4: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, can configure the SLRB ID/LCID for this SL RB by following the configurations of its gNB or its pre-configuration.
Observation 5: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR and in-coverage, should configure the parameter t-StatusProhibit for this SLRB by following the configurations of its gNB.
Observation 6: If the uni-directional SL RB is used for RLC SR transmission, the UE who is the TX UE for RLC SR, should configure the parameters of mac-LogicalChannelConfig for this SLRB by following the configurations of its gNB or its pre-configuration.
Observation 7: If the bi-directional SLRB is 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 UEID included in the {SRC L2 ID, DST L2 ID} combination.
Observation 8: If the uni-directional SLRB is used to support the RLC AM, the TX UE (for data) should know the linkage between the SLRB for data transmission and the SLRB for RLC SR, while the RX UE (for data) should know the linkage between the SLRB for data reception and the SLRB for RLC SR transmission. Such linkage should be shared between the TX UE and RX UE via the PC5-RRC message.
Proposal: RAN2 is kindly asked to down select between the bi-directional SLRB and uni-directional SLRB for RLC AM by taking into account the above observations.  
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