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Introduction

The solution4 of “supporting redundant data transmission via single UPF and single RAN node” is approved by SA2. According to the solution 4, the duplicated packets of the redundant QOS flows of a single PDU session will be transferred between UPF and RAN via two independent N3 tunnels,  over different transport layer path to enhance the reliability of service.

In this contribution, we discuss the resource efficiency on solution4 and provide the enhanced method.
Discussion
Resource Efficiency on Solution4

According to the solution 4, two N3 tunnels are always used to transmit the same data, which improved the reliability of data transmission over the interface, but waste the bandwidth between the core network and the RAN node. Considering that the NG-U interface can be assume as an ideal interface in most cases, and the packet loss is rare. If redundant transmission over two N3 tunnel is used without any optimization, a lot of bandwidth resources are wasted. Therefore, there is a need for an enhanced method that can ensure the reliability of data transmission between the core network and the RAN, while avoiding unnecessary waste of the fronthaul bandwidth.

PDCP duplication for URLLC traffic can be taken as a reference to enhance the solution 4. When the PDCP duplication is configured, the primary path is explicitly configured as well. If the PDCP duplication function is deactivated, the PDCP PDUs are always transmitted on the primary path. If the quality of the primary leg deteriorates, duplication function needs to be activated and then duplicated PDCP PDUs are sent on the both legs by PDCP hosting node; if the primary leg is of good quality, the duplication can be re-deactivated and the transmission of duplicated data on the other leg can be stopped. In the TS38.425, the corresponding node can feedback the ASSISTANCE INFORMATION DATA frame to PDCP hosted node to activate/deactivate PDCP duplication, The ASSISTANCE INFORMATION DATA frame may include the PDCP Duplication Activation Suggestion, which informs the node hosting the NR PDCP entity of the suggestion from the corresponding node on whether to activate or not activate DL PDCP duplication. The node hosting the NR PDCP entity may take this information into account to take a decision on whether to activate or not activate PDCP duplication. 

Proposal 1: Resource efficiency enhanced method for the solution4 is needed to avoid unnecessary waste of the NG-U bandwidth.
Enhanced solution4

For the enhanced resource efficiency solution4, redundant transmission deactivation/activation procedure could be introduced. The RAN node receive downlink data sent by the UPF on the one or two N3 tunnels, if these is no packet lost on N3 tunnel for some period, it is obviously the redundant transmission is not needed, then the redundant transmission function could be deactivated. 

The default (main) N3 tunnel

If redundant transmission is performed on N3 interface, for each downlink packet of the redundant QoS Flow, duplicated packets are transmitted to the NG-RAN via two N3 Tunnels separately.  But for those QoS flows that do not need redundant transmission, only the main N3 tunnel is used which is described in TS23.725 as below:

---------------------------------------------------------------------------------------------------------------------------------------------
One of the N3 Tunnels is determined as main transport path during the GTP-U tunnel establishment. For those QoS Flows of the same PDU session that don't need redundant transmission, this main N3 Tunnel is used.

----------------------------------------------------------------------------------------------------------------------------------------------

It is reasonable assumed that, in the PDU SESSION SETUP procedure, the first N3 TUNNEL is the default (main) tunnel, and the N3 tunnel identified by the redundant UP TNL IE is the secondary tunnel. If the redundant transmission function is deactivated, only the default N3 tunnel is used. 
Proposal 2:   In the PDU SESSION SETUP procedure, the first N3 TUNNEL is the default (main) tunnel, and the N3 tunnel identified by the redundant UP TNL IE is the secondary tunnel. If the redundant transmission function is deactived, only the default N3 tunnel is used.

How to detect packet loss on redundant N3 tunnel.

One of the key issue in the redundant transmission activation/deactivation procedure is how to detect packet loss over the N3 interface. In current specification, it is difficult to detect packet loss over redundant N3 tunnel for those duplicated QOS flows.  Packets are duplicated by UPF and sent over the two GTP tunnels with the same GTP-U SN, However, GTP-U SN is consecutively set for the whole PDU SESSION, so the GTP-U SN of the duplicated QOS FLOW packet transmitted via redundant N3 tunnel is actually discontinuous as shown in below figure1. 
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Fig1: Discontinuous GTP-U SN on redundant N3 tunnel
To detect the packet loss on redundant N3 tunnel, the possible solution is to introduce user plane sequence number associated with the specific QoS flow into UL/DL PDU SESSION INFORMATION frame. In the last RAN3#105 bis meeting, R3-196229[1] is approved to introduce sequence numbers of each QOS flow  into PDU Session Information Frame Type as below (yellowed highlight):
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	SNP
	Spare
	1

	PPP
	RQI
	QoS Flow Identifier 
	1

	PPI
	Spare
	0 or 1

	DL QFI Sequence Number
	0-3

	Padding 
	0-3


Fig2  DL PDU SESSION INFORMATION PDU

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	SNP
	Spare
	1

	Spare
	QoS Flow Identifier 
	1

	UL QFI Sequence Number
	0-3

	Padding 
	0-3


Fig3  UL PDU SESSION INFORMATION PDU
Although the main purpose of [1] is to eliminate the duplicated packets over two N3 tunnel, but it can also be used to detect packet loss of each QOS flow over N3 tunnel by the discontinuous of sequence number of QFI.
Observation 1: It is already supported in current specification to detect packet loss of each QOS flow over N3 tunnel by the discontinuous of sequence number of QFI. 

Redundant N3 deactivation/activation (UP solution)
For UP solution, more like DDDS feedback with packet loss information over NR-U interface,  If the RAN node detects that there is data packet loss on the N3 interface depending on whether received SN is continuous or not, then, it feeds back the lost data packet in the DL PDU SESSION INFORMATION frame. The 5GC may take this information into account to take a decision on whether to activate or not activate redundant N3 transmission, or to retransmit lost packet over primary N3 tunnel. The UPF shall include activation/deactivation indicator in the DL PDU SESSION INFORMATION frame after the activation/deactivation decision has been made. 
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Fig4 UP solution for enhanced solution4
However, considering that the user plane data may be lost over the N3 interface during the transmission, if the NG-U packet with lost packet information or redundant transmission (de)activation information is lost, relevant redundant transmission functions may not be able to be performed correctly.
Proposal 4: There is UP solution for enhanced solution4, including packet loss information in the UL PDU SESSION INFORMATION and activation/deactivation indicator in the DL PDU SESSION INFORMATION. However, the reliability of the UP solution cannot be guaranteed, we do not recommend the UP solution.
Redundant N3 deactivation/activation (CP solution)
For CP solution,  If the RAN node detects that there is data packet loss over the N3 interface depending on whether received SN is continuous or not, then, it feeds back the activation suggestion in the  NGAP message, The 5GC may take this information into account to take a decision on whether to activate or not activate redundant  transmission. Further, the 5GC also can detect the UL packet loss, and includes (de)activation indicator in the NGAP message to inform NG-RAN to active or de-active redundant transmission function. For example, the redundant transmission (de)activation flow over NGAP is shown in below figure:
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Fig5 CP solution for enhanced solution4
Proposal 5: There is CP solution for enhanced solution4, including activation/deactivation suggestion or indicator in the related control plane message, and the reliability of the CP solution can be provided. 

Proposal 6:  it is proposed to send a LS provided in annex to SA2 to request some feedback about the resource efficiency enhanced solution4. 
 Conclusions
Proposal 1: Resource efficiency enhanced method for the solution4 is needed to avoid unnecessary waste of the NG-U bandwidth.

Proposal 2:   In the PDU SESSION SETUP procedure, the first N3 TUNNEL is the default (main) tunnel, and the N3 tunnel identified by the redundant UP TNL IE is the secondary tunnel. If the redundant transmission function is deactivated, only the default N3 tunnel is used.

Observation 1: It is already supported in current specification to detect packet loss of each QOS flow over N3 tunnel by the discontinuous of sequence number of QFI. 

Proposal 4: There is UP solution for enhanced solution4, including packet loss information in the UL PDU SESSION INFORMATION and activation/deactivation indicator in the DL PDU SESSION INFORMATION. However, the reliability of the UP solution cannot be guaranteed, we do not recommend the UP solution.
Proposal 5: There is CP solution for enhanced solution4, including activation/deactivation suggestion or indicator in the related control plane message, and the reliability of the CP solution can be provided. 

Proposal 6:  it is proposed to send a LS provided in annex to SA2 to request some feedback about the resource efficiency enhanced solution4. 
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1. Overall Description:

According to the solution4 for higher layer multi-connectivity, the duplicated packets of the redundant QOS flows will be transferred between UPF and RAN via two independent N3 tunnels. However, two N3 tunnels are always used to transmit the same data, which improved the reliability of data transmission over the interface, but waste the bandwidth between the core network and the RAN node. 

RAN3 has discussed enhanced solution4 to improve resource efficiency, redundant transmission deactivation/activation procedure triggered by packet loss detection is introduced. If the RAN node detects that there is data packet loss on the N3 interface depending on whether received NG-U SN associated with specific QOS flow is continuous or not, then, it feeds back the activation suggestion in the NGAP message, The 5GC may take this information into account to take a decision on whether to activate or not activate redundant transmission. Furthermore, the 5GC also can detect the UL packet loss, and includes (de)activation indicator in the NGAP message to inform NG-RAN node to active or de-active redundant transmission function.

2. Actions:

To SA2: RAN3 kindly asks SA2 to take the above into account to enhance resource efficiency on solution4, and provide the feedback.
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