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Introduction
In previous RAN3 meetings, a lot of agreements related to L2 U2N relay service continuity enhancement were reached while two issues are left [1]. 
	RAN3#119bis:
continue discussion on

The list of candidate Relay UEs is an ordered list, e.g. based on the Remote UE’s measurement report on candidate Relay UEs.

Target gNB include the selected target Relay UE in the XnAP HANDOVER REQUEST ACKNOWLEDGE message


In this contribution, we will further discuss the remaining issues. In addition, DL lossless delivery during path switch based on RNA2 agreements will be also discussed.
Discussion
Remaining issues for inter-gNB d2i/i2i path switch

In RAN3#117bis, there is a WA:

	WA: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.


Later there are two more agreements in RAN3:

	RAN3#119:
During direct to indirect and indirect to indirect path switch procedures, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message.
RAN3#119bis:
Common Understanding is source gNB can initiate parallel Xn handover preparation to multiple target gNBs, and the XnAP HANDOVER REQUEST message sent to a target gNB only include candidate Relay UEs of same cell of the target gNB. So no need to have any restriction on how source gNB select candidate target Relay UE.


Since in each HO request message, the list of candidate relay UEs are belonging to the same target cell, it means that all the candidate relay UEs in the list have the same serving cell, and the serving cell can be signalled to target gNB via existing IE Target Cell Global ID. So, it is suggested to turn the WA into agreement:
Proposal 1: Turn the WA to agreement: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.
For the list of candidate relay UEs included in the Xn HO request message, some companies think it could be an ordered list, e.g. based on the Remote UE’s measurement report on candidate Relay UEs, which has performance benefit to assist target gNB to make a better selection of target relay UE. In our view, all candidate relay UEs are satisfied with the PC5 threshold, if the knowledge about the PC5 measurement results is needed to the target gNB, source gNB can provide the PC5 measurements to target gNB, e.g. via the inter-node RRC message. On the other hand, it is source gNB implementation to decide the order (i.e. it can be source gNB implementation to decide the order based on PC5 measurement report or other metrics it thinks that may assist target gNB decision on target relay UE) of the list of candidate relay UEs, no need to specify anything to restrict the gNB behaviour on the order of the list.
Proposal 2: It’s source gNB implementation to decide the order of the list of candidate relay UEs, no specification impact.
Regarding whether to include the selected target relay UE in the HO response message, we think it’s beneficial to inform the selected target relay UE to the source gNB. In case source gNB initiated multiple Xn HO preparation procedures and all target gNB accepted the HO, source gNB may make a better decision based on the target relay UE selected by each target gNB, e.g. select a better target gNB based on the PC5 measurement report of candidate target Relay UE.
Proposal 3: Target gNB includes the selected target Relay UE in the XnAP HANDOVER REQUEST ACKNOWLEDGE message.
DL lossless delivery

At RAN2#121bis meeting, various solutions for UL/DL lossless delivery were evaluated and discussed.  

	For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.

For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.

[Solution-D4: Enhanced Data forwarding from source gNB to target gNB per target gNB request (legacy PDCP status report based).]


And RAN2 agreed that Solution-D4 is taken as the baseline solution for DL lossless delivery for path switch. Solution -D4 requires enhanced data forwarding from source gNB to target gNB per target gNB request. 
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Figure 1. Illustration of Solution-D4
An example is shown in Figure 4. 

Suppose S-gNB sends DL packets (1,2,3,4,5) to relay UE and receives ack of packets (1,2,3,4) from relay UE. Then S-gNB forwards packet (5) and consequent DL packets to T-gNB.
T-gNB buffers the data from S-gNB, i.e. packet (5, ...).
After switching to T-gNB, remote UE sends a PDCP status report to T-gNB in the base of legacy PDCP status reporting. In the PDCP status report, remote UE indicates that the first missing packet is packet (3), but packet (4) is received. Then T-gNB needs to request S-gNB to forward packet (3).
For Solution-D4, a new Xn message (e.g. Data forwarding request) needs to be introduced for T-gNB to request data forwarding from S-gNB. In the new Xn message, the DL count value of the first missing DL SDU and a bitmap of receiving status of DL PDCP SDU should be included. So that the S-gNB can further forward the requested DL packets to T-gNB. A TP of the XnAP enhancement is given in Annex.
Proposal 4: To support Solution-D4 of DL lossless delivery, a new XnAP message is introduced for T-gNB to request data forwarding from S-gNB. 
Proposal 5: The new XnAP message should include the DL count value of the first missing DL SDU and a bitmap of receiving status of DL PDCP SDU.
After receiving the requested DL packets, T-gNB performs PDCP re-transmission as legacy, i.e. the target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink PDCP SDUs without SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.
Conclusion
In this contribution, we discussed the remaining issues for inter-gNB d2i/i2i path switch and DL lossless delivery during path switch. And we have the following proposals:

Proposal 1: Turn the WA to agreement: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.
Proposal 2: It’s source gNB implementation to decide the order of the list of candidate relay UEs, no specification impact.

Proposal 3: Target gNB includes the selected target Relay UE in the XnAP HANDOVER REQUEST ACKNOWLEDGE message.

Proposal 4: To support Solution-D4 of DL lossless delivery, a new XnAP message is introduced for T-gNB to request data forwarding from S-gNB. 
Proposal 5: The new XnAP message should include the DL count value of the first missing DL SDU and a bitmap of receiving status of DL PDCP SDU.
Reference
RAN3#119bis chair notes.
Annex - TP to TS 38.423 for DL lossless delivery
9.1.1.xx 
DATA FORWARDING REQUEST
This message is sent by the target NG-RAN node to request the source NG-RAN node to forward the requested downlink packets. 
Direction:
target NG-RAN node ( source NG-RAN node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the source NG-RAN node and for dual connectivity at the NG-RAN node from which the DRB context is transferred.
	YES
	reject

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the target NG-RAN node and for dual connectivity at the NG-RAN node to which the DRB context is transferred.
	YES
	reject

	DRBs Subject To Status Transfer List
	M
	
	9.2.1.14
	
	YES
	ignore


9.2.1.14
DRBs Subject To Status Transfer List

This IE contains a list of DRBs containing information about PDCP SN status.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DRBs Subject To Status Transfer Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>CHOICE PDCP Status Transfer UL
	M
	
	
	
	–
	

	>>12 bits
	
	
	
	
	
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 2048)
	The IE is used in case of 12-bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	

	>>>UL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 12-bit long PDCP-SN
	–
	

	>>18 bits
	
	
	
	
	
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 131072)
	The IE is used in case of 18-bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.

The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	

	>>>UL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 18-bit long PDCP-SN
	–
	

	>CHOICE PDCP Status Transfer DL
	M
	
	
	
	–
	

	>>12 bits
	
	
	
	
	
	

	>>>DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper Frame Number that the target NG-RAN node (handover) or the NG-RAN node to which the DRB context is transferred (dual connectivity) should assign for the next DL SDU not having an SN yet in case of 12-bit long PDCP-SN.
In Data forwarding request, the IE indicates PDCP-SN and Hyper Frame Number of the first missing DL SDU in case of 12-bit long PDCP-SN.
	–
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 2048)
	The IE is used in case of 12-bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing DL PDCP SDU.

The Nth bit indicates the status of the DL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	

	>>18 bits
	
	
	
	
	
	

	>>>DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper Frame Number that the target NG-RAN node (handover) or the NG-RAN node to which the DRB context is transferred (dual connectivity) should assign for the next DL SDU not having an SN yet in case of 18-bit long PDCP-SN.
In Data forwarding request, the IE indicates PDCP-SN and Hyper Frame Number of the first missing DL SDU in case of 12-bit long PDCP-SN.
	–
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 131072)
	The IE is used in case of 18-bit long PDCP-SN.

The first bit indicates the status of the SDU after the First Missing DL PDCP SDU.

The Nth bit indicates the status of the DL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	

	>Old QoS Flow List - UL End Marker expected
	O
	
	QoS Flow List

9.2.1.4a
	This IE is included to be used for indicating that the source NG-RAN node has initiated QoS flow re-mapping and has not yet received SDAP end markers, as described in TS 38.300 [9].
	YES
	reject


	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs allowed towards one UE. Value is 32. 


3GPP


Remote UE
Source gNB
Target gNB
indirect path
 via a relay UE
HO preparation
Deliver buffered data to T-gNB

Buffer data  from S-gNB
Receiving PDCP status report from remote UE after remote UE switches to T-gNB
RAN HO completion
SN status transfer
Legacy Xn data forwading
Data forwarding request

Xn data forwading per T-gNB request
PDCP re-transmission to remote UE
e.g. S-gNB sends DL packet (1,2,3,4,5) to relay UE and receives ack of packet (1,2,3,4) from relay UE. Then S-gNB forwards packet 5 and consequent DL packets to T-gNB.
e.g. In the PDCP status report, remote UE indicates that the first missing packet is packet (3), packet (4) is received.  Then T-gNB needs to request packet (3) from S-gNB.
DL packets in the buffer: packet (5,….)
FMC, bitmap



