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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
This paper is to discuss and resolve the RAN dependency issues in the SA2 LS [1].
2. Discussion
2.1. Question 1 
Below is an excerpt of the SA2 LS for the 1st Question:
Q1) SA2 has studied the possibility to transmit metadata or application layer discovery information in the PC5 discovery message and realized that it depends on the PC5 discovery message size (as described in clause 5.2.4 of TS 23.304). SA2 would like to ask RAN2 whether there is any limitation on the size of NR PC5 discovery message as similar to LTE PC5 discovery message.
Before answering the above Question, some background investigation has been done on the reasons why LTE PC5 discovery message size restriction was introduced from RAN side. The related background and technical aspects can be found in [2][3], which was discussed in the Rel-13 LTE U2N relay WI.
[bookmark: _Ref71479702]According to the RAN1 LS responses to SA2 [2], it is observed that:
· The LTE discovery transport channel (PDSCH) can carry a fixed (232bits) message size, while the LTE communication transport channel (PSSCH) can carry a variable (40bits to 25k bits) message size. For the latter case i.e., LTE PSSCH with variable message size, it is noted that the larger resource and shorter range at higher message size.
· The LTE PDSCH has configured period between {320, 640,1280, 2560, 5120, 10240} ms, while the LTE PSSCH has configured period between {40, 80, 160, 320} ms. Due to interference, the actual latency may be multiples of configured period.
· RAN1 conclude that if message size (232 bits), and minimum supported one-way latency (320ms) are acceptable, then discovery message over LTE PDSCH may be more appropriate solution. If lower latency or a larger message size are needed, then discovery message over LTE PSSCH may be a more appropriate solution.
According to the RAN2 LS responses to SA2 [3], “from RAN2 point of view, it would be desirable if the discovery message size could be kept as low as possible”. The main concerns behind the RAN2 view are similar to RAN1, i.e., the coverage range and latency performance would be downgraded if we increase the discovery message size. 
As above, the following observations are summarized for LTE PC5 discovery message design.
Observation 1: [bookmark: _Ref78986126]The LTE PC5 discovery message is carried via PDSCH with fixed message size of 232bits.
Observation 2: [bookmark: _Ref78986127]The technical considerations on the LTE PC5 discovery message size limitation is to guarantee the required coverage range and latency performance.
On the other hand, in Rel-17 NR U2N relay, the following agreements were reached for NR PC5 discovery: 
	RAN2#113e agreements:
Updating the protocol stack for discovery message as Discovery/PDCP/RLC/MAC/PHY.
RAN2#113bis-e agreement:
Proposal 8a: [Easy] One new SL-SRB4 is used for all discovery messages. Its parameters will be fixed and defined as SCCH configuration in 38.331. (FFS on the LCH priority in Proposal 8b)



It is noticeable that no new discovery transport channel will be introduced for NR PC5 discovery. More specifically, the NR PSSCH is reused to carry NR PC5 discovery message. For NR PSSCH, it allows very flexible and extensible message sizes just like the LTE PSSCH. Meanwhile, as also observed on LTE PSSCH, there may be transmission performance down gradation in terms of coverage range and latency if the actual NR PC5 discovery message size is very large. 
Observation 3: [bookmark: _Ref78986129]The NR PC5 discovery message is carried via NR PSSCH similar to LTE PSSCH which can carry variable message size.
Observation 4: [bookmark: _Ref78986131]There may be transmission performance down gradation in terms of coverage range and latency if the actual NR PC5 discovery message size is very large.
According to above RAN2 agreement, the AS layer design principle of NR PC5 discovery message with a new SL-SRB4 is quite similar to Rel-16 NR PC5-S message over the SL-SRB0 (e.g., Direct Communication Request). In other words, the supported message size can refer to the NR PC5-S Direct Link Establishment Request message. In fact, a much larger message size than the NR PC5-S Direct Link Establishment Request message can be allowed if we do not care about the potential impact on reducing coverage range and adding latency. However, if SA2 would like to support more stringent coverage range and latency requirement than the existing Direct Communication Request message, introducing some restriction to the maximum allowed message size for NR PC5 discovery message would be desired.
Generally, the above pros and cons with large discovery message size should be considered by SA2. 
Therefore,
Proposal 1： [bookmark: _Ref71479724][bookmark: _Ref78986162]For Q1, RAN2 to reply to SA2 with the following highlight points:
· Currently, NR PC5 discovery message size can be variable, which is different from the LTE PC5 discovery message with fixed size of 232bits. 
· Meanwhile, there may be transmission performance down gradation in terms of coverage range and latency if the actual NR PC5 discovery message size is very large.
· The Rel-16 NR PC5-S message (e.g., Direct Communication Request) can be referred for the supported message size for NR PC5 discovery message.
· However, if SA2 would like to support more stringent coverage range and latency requirement than the Direct Communication Request message, introducing restriction to the maximum allowed message size for NR PC5 discovery message would be desired.
2.2. Question 2
Below is an excerpt of the SA2 LS for the 2nd Question:
Q2) SA2 has introduced new data unit type of ARP (i.e. Address Resolution Protocol) for broadcast and groupcast mode ProSe Direct Communication (as described in clause 5.3.1 of TS 23.304), and would like to check with RAN2 whether it is supported by AS layer.
The AS layer impact of data unit type is mainly on the PDCP layer. When looking into the LTE PC5 PDCP specification, we will find that a dedicated value “001” is introduced to indicate the PDCP SDU type “ARP”.  The corresponding text is highlighted blue as below.
*********************************From TS 36.323*******************************************
[bookmark: _Toc37299525][bookmark: _Toc46494732][bookmark: _Toc52581298][bookmark: _Toc60786010]6.3.14	SDU Type
Length: 3 bits
PDCP SDU type, i.e. Layer-3 Protocol Data Unit type as specified in [14]. PDCP entity may handle the SDU differently per SDU Type, e.g. ROHC is applicable to IP SDU but not ARP SDU and Non-IP SDU.
Table 6.3.14.1: SDU Type
	Bit
	Description

	000
	IP

	001
	ARP

	010
	PC5 Signaling

	011
	Non-IP

	100-111
	reserved



*********************************From TS 36.323*******************************************
Observation 5: [bookmark: _Ref78986132]The data unit type of ARP is supported in the LTE PC5 PDCP specification, i.e., a dedicated value to indicate “ARP” per PDCP SDU type.
On the other hand, according to NR PC5 PDCP specification as below, only “IP” and “Non-IP” SDU type are supported in the current specification.
*********************************From TS 38.323*******************************************
[bookmark: _Toc12524461][bookmark: _Toc52582027][bookmark: _Toc46492129][bookmark: _Toc37127013][bookmark: _Toc46492237]6.3.12	SDU Type
Length: 3 bits
PDCP SDU type, i.e. Layer-3 Protocol Data Unit type as specified in [13]. PDCP entity may handle the SDU differently per SDU Type, e.g. ROHC is applicable to IP SDU but not Non-IP SDU.
Table 6.3.12-1: SDU Type
	Bit
	Description

	000
	IP

	001
	Non-IP

	010-111
	Reserved



*********************************From TS 38.323*******************************************
Observation 6: [bookmark: _Ref78986134]The new data unit type of “ARP” is not supported in the current NR PC5 PDCP specification.
Based on the above observations, we propose that a reserved value (e.g., 010) is used to indicate “ARP” in the PDCP SDU type. In such way, ARP for broadcast and groupcast mode ProSe Direct Communication defined in SA2 can be supported.
Therefore,
Proposal 2： [bookmark: _Ref78986167]For Q2, RAN2 to reply to SA2 with the following highlights:
· Currently, only “IP” and “Non-IP” SDU type are supported in NR PC5 PDCP layer, while the new data unit type of “ARP” is not supported. 
· RAN2 can support the new data unit type of ARP, by using a reserved value (e.g., 010) to indicate “ARP” in the PDCP SDU type, if required by SA2.
2.3. Question 3
Below is an excerpt of the SA2 LS for the 3rd Question:
Q3) PC5 operation in EPS for Public Safety UE is documented in clause 5.11 of TS 23.304, SA2 assumed EN-DC architecture is not in scope of RAN NR_SL_enh WI and asks RAN2 to confirm this assumption.
Firstly, it should be clarified that there are two on-going SL related WIs in RAN. One is the RAN NR_SL_enh WI which is the evolution of Rel-16 V2X SL. The other one is NR_SL_Relay-Core which is for the L2 and L3 U2N relay. Only the first WI is mentioned in the SA2 LS. Nevertheless, we believe there is no harm to check the support of EN-DC architecture with regards to both of the RAN WIs.
· For the RAN NR_SL_enh WI, according to stage 2 description in TS 37.340, all the MR-DC architectures including EN-DC is not supported. The related text is shown as below:
*********************************From TS 37.340*******************************************
[bookmark: _Toc37200989][bookmark: _Toc52568386][bookmark: _Toc46492855][bookmark: _Toc60787253][bookmark: _Toc5707112][bookmark: _Toc20428260]13.2	Sidelink
NR Sidelink Communication and V2X Sidelink Communication cannot be configured in MR-DC in this release.
*********************************From TS 37.340*******************************************
· For the RAN NR_SL_Relay-Core WID [5], the NOTE3 clearly stating that “Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.”. In other words, EN-DC has been excluded in Rel-17 WI.
As above, we understand that EN-DC architecture is not in the scope for the RAN NR_SL_enh WI as well as the NR_SL_Relay-Core WI. Therefore, it is proposed that:
Proposal 3： [bookmark: _Ref78986170]For Q3, RAN2 to reply to SA2 with the following highlights:
· Clarify that there are two on-going SL related WIs in RAN. One is the RAN NR_SL_enh WI which is the evolution of Rel-16 V2X SL. The other one is NR_SL_Relay-Core which is for the L2 and L3 U2N Relay.
· Confirm the SA2 assumption that EN-DC architecture is not in scope of the RAN NR_SL_enh WI. 
· Further confirm that EN-DC architecture is also not in scope of the RAN NR_SL_Relay-Core WI.
2.4. Question 4
 Below is an excerpt of the SA2 LS for the 4th Question:
Q4) Layer-2 UE-to-Network Relay protocol stack is documented in clause 6.1.1.7.2 of TS 23.304, SA2 understands the adaption layer over PC5 is under design by RAN2 and would like RAN2 to confirm whether it is supported or not.
According to the status report submitted to the latest RAN2#92e meeting [6], we observe that the applicability of adaptation layer to PC5 hop is one of the left issues from previous RAN2 meeting. During the offline discussion [7], it is almost evenly split among companies on whether or not adaptation layer should be specified over PC5 in Rel-17. In order to give a clear feedback to SA2 on the support of the adaption layer over PC5, we think it is urgent to make final decision in this meeting. Given that the PC5 adaption layer is mainly useful to U2U relay but not essential to U2N relay, and in Rel-17 only U2N relay will be specified, it is proposed not to support the adaption layer over PC5 in this release as the way forward.
Proposal 4： [bookmark: _Ref78986171]For Q4, RAN2 to confirm that the adaption layer over PC5 is NOT supported in Rel-17.
2.5. Question 5
Below is an excerpt of the SA2 LS for the 5th Question:
Q5) For Layer-2 UE-to-Network Relay, the identified connection management states of Remote UE and UE-to-Network Relay are documented in clause 6.5.2.1.2 of TS 23.304, SA2 would like to know the possible states of Remote UE and UE-to-Network Relay as well as combinations of the states.
Regarding the possible states of Remote UE and UE-to-Network Relay as well as combinations of the states, RAN2 has made a bulk of agreements during previous meetings. All the agreements are summarized as below.
	RAN2#111e agreements:
Revised Proposal 17: For L2 UE to NW relay, the Uu RRC state of the relay UE and remote UE can change when connected via PC5. Both relay UE and remote UEs can perform relay discovery in any RRC state.  A remote UE can perform relay discovery while OOC.
Proposal 18: For L2 UE to NW relay, both relay UE and remote UE must be in RRC CONNECTED to perform active relaying of data.
Revised Proposal 19: For L2 UE to NW relay, the relay UE can be either in RRC_IDLE or RRC_CONNECTED as long as the PC5-connected remote UE is in RRC_IDLE.
RAN2#112e agreements:
Proposal 1 [easy]For L2 U2N Relay, RRC_INACTIVE state is supported for remote UE
Proposal 2 [easy]For L2 U2N Relay, RRC_INACTIVE state is supported for relay UE
Proposal 3 [easy]For L2 U2N Relay, the RRC states combination of remote UE in RRC_CONNECTED and relay UE in RRC_IDLE is excluded
Proposal 4 [easy]For L2 U2N Relay, the RRC states combination of remote UE in RRC_CONNECTED and relay UE in RRC_INACTIVE is excluded
Proposal 6 [easy]For L2 U2N Relay, the RRC states combination of remote UE in RRC_INACTIVE and relay UE in RRC_CONNECTED is supported
Proposal 8 [easy]For L2 U2N Relay, the RRC states combination of remote UE in RRC_INACTIVE and relay UE in RRC_INACTIVE is supported
Proposal 9 [easy]For L2 U2N Relay, the RRC states combination of remote UE in RRC_IDLE and relay UE in RRC_INACTIVE is supported
RAN2#114e agreements:
Proposal 1： [14/18[Easy] RRC state combination of Relay UE in RRC_IDLE and Remote UE in RRC_INACTIVE is supported.




Based on the above agreements, the possible states of Remote UE and UE-to-Network Relay as well as combinations of the states can be concluded in the proposal as below.
Proposal 5： [bookmark: _Ref78986173]For Q5, RAN2 to reply to SA2 as follows:
· The possible states of Remote UE and UE-to-Network Relay UE can be in any RRC state i.e., RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED.
· The following RRC states combinations are excluded:
· Relay UE in RRC_IDLE or RRC_INACTIVE, and Remote UE(s) in RRC_CONNECTED.
· The following RRC states combinations are supported:
· Relay UE in RRC_IDLE or RRC_INACTIVE, and Remote UE (s) in RRC_IDLE or RRC_INACTIVE;
· Relay UE in RRC_CONNECTED, and Remote UE(s) in RRC_IDLE or RRC_INACTIVE or RRC_CONNECTED.
2.6. Question 6
Below is an excerpt of the SA2 LS for the 6th Question:
Q6) For Layer-2 UE-to-Network Relay, SA2 studied the trigger from Remote UE to UE-to-Network Relay in CM_IDLE to perform Service Request (as described in step 4 of clause 6.5.2.2 of TS 23.304) and would like to know whether the trigger is from AS layer or not.
According to TR 38.836, if the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. Please see Step 2 as below.
*********************************From TR 38.836*******************************************
[bookmark: _Toc67867761][bookmark: _Toc49150801]4.5.5	Control Plane Procedure
[bookmark: _Toc67867762]4.5.5.1	Connection Management
Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission.
PC5-RRC aspects of Rel-16 NR V2X PC5 unicast link establishment procedures can be reused to setup a secure unicast link between Remote UE and Relay UE for L2 UE-to-Network relaying before Remote UE establishes a Uu RRC connection with the network via Relay UE.
[bookmark: _Hlk59527965]For both in-coverage and out-of-coverage cases, when the Remote UE initiates the first RRC message for its connection establishment with gNB, the PC5 L2 configuration for the transmission between the Remote UE and the UE-to-Network Relay UE can be based on the RLC/MAC configuration defined in specifications. 
The establishment of Uu SRB1/SRB2 and DRB of the Remote UE is subject to legacy Uu configuration procedures for L2 UE-to-Network Relay.
The following high level connection establishment procedure applies to L2 UE-to-Network Relay:

Figure 4.5.5.1-1: Procedure for Remote UE connection establishment
Step 1. The Remote and Relay UE perform discovery procedure, and establish PC5-RRC connection using the legacy Rel-16 procedure as a baseline.
[bookmark: _Hlk59527920][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: _Hlk59519154]Step 2. The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with gNB via the Relay UE, using a default L2 configuration on PC5.  The gNB responds with an RRCSetup message to Remote UE. The RRCSetup delivery to the Remote UE uses the default configuration on PC5. If the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase.
[Remaining text omitted]
*********************************From TR 38.836*******************************************
Based on the above highlighted text, it is not crystal clear whether the trigger of the Relay UE’s own connection establishment is decided by its NAS or AS layer. There are two modelling candidates:
· Model A: assuming the trigger of the Relay UE’s own connection establishment is decided by AS layer, see below Figure 1:
[image: ]
Figure 1. Model A: trigger by AS layer
· Step 1: The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with the NW via the Relay UE, using a default L2 configuration on PC5.  
· Step 2: The Relay UE AS layer triggers its own RRC connection establishment with the NW upon reception of a message on the default L2 configuration on PC5.
· Step 3: The Relay UE AS layer provides an indication to enter RRC_CONNECTED to NAS layer after successful connection establishment.
· Step 4: The Relay UE NAS layer performs Service Request procedure based on the AS layer indication in Step 3.
· Model B: assuming the trigger of the Relay UE’s own connection establishment is decided by NAS layer, see below Figure 2:
[image: ]
Figure 2. Model B trigger by NAS layer
· [bookmark: OLE_LINK1]Step 1: The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with the NW via the Relay UE, using a default L2 configuration on PC5.  
· [bookmark: _Hlk78986993]Step 2: The Relay UE AS layer provides an indication to relay signaling for Remote UE to NAS layer upon reception of a message on the default L2 configuration on PC5.
· Step 3: The Relay UE NAS layer triggers Service Request procedure based on the AS layer indication in Step 2 and provide the Service Request message to AS layer.
· Step 4: The Relay UE AS layer performs its own connection establishment with the NW based on the reception of the NAS Service Request message.
Observation 7: [bookmark: _Ref78987139]The AS triggering Model A (in Figure 1) and NAS triggering Model B (in Figure 2) can be the starting point to check which layer is preferred to trigger Relay UE’s own connection establishment.
Considering the following use cases, we slightly prefer NAS triggering Model B. Because Model B can be a unified solution for both cases and make comprehensive decision by considering conditions in Remote UE and Relay UE: 
· Case 1: Relay UE intends to access NW only for relaying signaling of Remote UE; 
· Case 2: Relay UE intends to access NW for relaying signalling of Remote UE together with its own service.
Therefore, we propose that:
Proposal 6： [bookmark: _Ref78986174][bookmark: _Ref78987075]For Q6, RAN2 to reply to SA2 that the AS layer provides an indication to relay signalling for Remote UE to NAS layer upon reception of the first RRC message (e.g., RRCSetupRequest) on PC5. It’s up to NAS layer whether and how to trigger Service Request procedure based on the AS layer indication.
3. Conclusion
This paper discusses RAN dependency issues for 5G ProSe in the SA2 LS. The paper concludes with:
Observation 1	The LTE PC5 discovery message is carried via PDSCH with fixed message size of 232bits.
Observation 2	The technical considerations on the LTE PC5 discovery message size limitation is to guarantee the required coverage range and latency performance.
Observation 3	The NR PC5 discovery message is carried via NR PSSCH similar to LTE PSSCH which can carry variable message size.
Observation 4	There may be transmission performance down gradation in terms of coverage range and latency if the actual NR PC5 discovery message size is very large.
Observation 5	The data unit type of ARP is supported in the LTE PC5 PDCP specification, i.e., a dedicated value to indicate “ARP” per PDCP SDU type.
Observation 6	The new data unit type of “ARP” is not supported in the current NR PC5 PDCP specification.
Observation 7	The AS triggering Model A (in Figure 1) and NAS triggering Model B (in Figure 2) can be the starting point to check which layer is preferred to trigger Relay UE’s own connection establishment.
Proposal 1： For Q1, RAN2 to reply to SA2 with the following highlight points:
· Currently, NR PC5 discovery message size can be variable, which is different from the LTE PC5 discovery message with fixed size of 232bits. 
· Meanwhile, there may be transmission performance down gradation in terms of coverage range and latency if the actual NR PC5 discovery message size is very large.
· The Rel-16 NR PC5-S message (e.g., Direct Communication Request) can be referred for the supported message size for NR PC5 discovery message.
· However, if SA2 would like to support more stringent coverage range and latency requirement than the Direct Communication Request message, introducing restriction to the maximum allowed message size for NR PC5 discovery message would be desired.
Proposal 2： For Q2, RAN2 to reply to SA2 with the following highlights:
· Currently, only “IP” and “Non-IP” SDU type are supported in NR PC5 PDCP layer, while the new data unit type of “ARP” is not supported. 
· RAN2 can support the new data unit type of ARP, by using a reserved value (e.g., 010) to indicate “ARP” in the PDCP SDU type, if required by SA2.
Proposal 3： For Q3, RAN2 to reply to SA2 with the following highlights:
· Clarify that there are two on-going SL related WIs in RAN. One is the RAN NR_SL_enh WI which is the evolution of Rel-16 V2X SL. The other one is NR_SL_Relay-Core which is for the L2 and L3 U2N Relay.
· Confirm the SA2 assumption that EN-DC architecture is not in scope of the RAN NR_SL_enh WI. 
· Further confirm that EN-DC architecture is also not in scope of the RAN NR_SL_Relay-Core WI.
Proposal 4： For Q4, RAN2 to confirm that the adaption layer over PC5 is NOT supported in Rel-17.
Proposal 5： For Q5, RAN2 to reply to SA2 as follows:
· The possible states of Remote UE and UE-to-Network Relay UE can be in any RRC state i.e., RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED.
· The following RRC states combinations are excluded:
· Relay UE in RRC_IDLE or RRC_INACTIVE, and Remote UE(s) in RRC_CONNECTED.
· The following RRC states combinations are supported:
· Relay UE in RRC_IDLE or RRC_INACTIVE, and Remote UE (s) in RRC_IDLE or RRC_INACTIVE;
· Relay UE in RRC_CONNECTED, and Remote UE(s) in RRC_IDLE or RRC_INACTIVE or RRC_CONNECTED.
Proposal 6： For Q6, RAN2 to reply to SA2 that the AS layer provides an indication to relay signalling for Remote UE to NAS layer upon reception of the first RRC message (e.g., RRCSetupRequest) on PC5. It’s up to NAS layer whether and how to trigger Service Request procedure based on the AS layer indication.
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