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Discussion and Decision
1      Introduction
SA2 sent LS [1] [2] to RAN2, asking: 

For Key Issue #2, solution #5 was included in TR23.725 by allowing UPF to bi-cast DL packets to both source gNB and target gNB during handover procedure to avoid the latency introduced by forwarding tunnel over Xn/N2 interfaces. Evaluation of the feasibility of the solution depends on the related progress in RAN WGs on mobility enhancement. 

SA2 has agreed to keep the key issue open to wait for the further inputs from RAN WGs. RAN2 and RAN3 are kindly requested to provide related progress on this issue, so that SA2 can conclude the KI before/on SA2#132.

In [3] [4], RAN2 and RAN3 replied that it will be discussed in NR mobility WI since the objectives of the WI is to improve the robustness and reduce the latency for handover, which is similar to SA2’s purpose. 
In this contribution, we analyse the solution provided by SA2, and the candidate solution discussed in LTE, and provide our view:

2      Discussion

Summary of solution 5 in [5]:
1 it is source RAN to trigger the SMF to establish the duplicated path for target node;
The UL/DL SN mapping relation between PDCP and GTP-U is provided by source RAN to target;

2 When the secondary tunnel is finished, the UPF begin to send duplicate the downlink data and send to both source and target RAN node simultaneously. An indication can be included in the GTP-U header of the first duplicated packet to the source RAN to indicate the start of duplicated transmission.
3 After receiving the indication from UPF on duplication, the source RAN will trigger Uu handover.
4 As long as the DRBs in target Node are established, the target RAN node, UE will transmit the UL and DL data via target RAN node before the handover procedure is totally finished (UE sending handover complete). In dual radio based handover case, the UE will transmit the data via source and target RAN nodes simultaneously before the handover procedure is totally finished.
Summary of non-split bearer based approach in [7]:

New WI “NR mobility enhancements” was approved in [6]. Simultaneous connectivity is one of potential solution. As proposed in [7], for non-split bearer based approach, take LTE summary in [8] as baseline for further discussion:

· PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB

· RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

· The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 
· In case of two active protocol stacks, a separate security key is used for each of the protocol stacks

· Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
Note: this is the enhancement to rel-14 MBB;

· Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;

Below is an example on the procedure flow:

[image: image1.jpg]UE Source cell Target cell SGW

1. Measurement report———>|

2. HO request (indication of
simultaneous support)

43, HO ack (with target cell configuration_|

for simultal rt;
4. RRCConnectionReconfiguration | priEN g ipRod)

(forward target cell configuration)
maintain
connection with
source cell

Datar

5. RACH procedur
I
6. RRCConnectionReconfigurationComplete——————————

i 7. HO succes:

After this point RRC switch to target cell

Data forwarding:

Dat
Data

Dat:
Dat:

8. Rel

Stop data transmission

9. Release source cell

Release source cell

10. Release source cell complete—————
11. path switch request————————————

r&———12. bearer modication———-
13 endmarker——MM—————————————

[®——————14. path switch request ACK-

1&———15. UE context release——————

New path

Dat





The comparison between CN based splitting and non-split bearer based approach is shown as below:

	
	CN based splitting
	Non-split bearer based approach
	Remark

	UE impact
	1 two active protocol stacks are needed during dual radio based handover procedure

2 only packet duplication is supported
	1 One or two active protocol stacks (FFS) 

2 packet duplication could be enabled or not
Note: need further discussion in RAN2
	Requirement and handling on UE protocols are almost same;

	SN assignment
	Source provides mapping relation between PDCP and GTP-U to target, CN needs to be involved;
	Source provides SN + PDCP SDU to target as part of HO preparation
	Additional procedures are needed for CN based splitting since CN needs to be involved for SN assignment, and it is unclear whether it is easy to guarantee the mapping relation between PDCP and GTP-U to target for second path. This should be confirmed in RAN3. 

	Data forwarding
	UPF provides duplicated packets to target; before that, source needs to request CN to setup secondary tunnel between UPF and target node.
	Source provides packets to target directly
	More efforts are needed for CN based splitting since CN needs to be involved even if it is Xn based handover before path switch.

	Interruption
	Can achieve 0ms interruption time because the simultaneous transmission/reception from both source and target;
	Can achieve 0ms interruption time because the simultaneous transmission/reception from both source and target;
	Same

	HO performance
	May increase HOF since the source has to wait the indication from UPF on duplication before send HO command to UE; This is the additional procedure compared with legacy HO. 
	Same as legacy
	CN based splitting will lead more HOF due to additional procedures for HO preparation;


Based on above table, we could see, both CN based splitting and non-split bearer based approach can achieve 0ms interruption, and the impact to UE is exact same. However, CN based splitting has additional impact on core network, in addition it may increase the HOF ratio. Considering these two solutions are for the same issue, and non-split bearer based approach impacts less node, less group and have good performance. It would be good only consider non-split bearer based approach for reduction of interruption for handover. 
Proposal: Ask RAN2 to reply SA2, CN based splitting is duplicated with RAN solution non-split bearer based approach and both of them can achieve 0ms interruption time. RAN2 will not recommend CN based splitting since it is more complex and may lead more HOF than non-split bearer based approach.   
3      Conclusion

In this contribution, we compare CN based splitting and non-split bearer based approach, and have following proposal: 
Proposal: Ask RAN2 to reply SA2, CN based splitting is duplicated with RAN solution non-split bearer based approach and both of them can achieve 0ms interruption time. RAN2 will not recommend CN based splitting since it is more complex and will lead more HOF than non-split bearer based approach.   
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5      Annex (procedure defined in SA2)

6.5.2.3
Enhanced Handover with Xn
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Figure 6.5.2.3-1: Enhanced handover with Xn
The procedure reuse existing Xn based handover, with the following new features.

1-2.
When the handover in radio interface is ongoing, the source RAN node sends N2 message for handover to SMF to establish the secondary tunnel in target side for the PDU session. The step 2 will be triggered during the handover procedure in radio interface.

If SMF determines an intermediate UPF (I-UPF) is needed in the secondary tunnel, then, SMF selects an intermediate UPF (I-UPF) to update PDU session.

The UL/DL SN mapping relation between PDCP and GTP-U can be used for the redundancy elimination, and if so the source RAN node needs to tell the target RAN node the mapping relation via Xn in step 1 (e.g. in handover request).
3.
When the secondary tunnel is finished (after step-2b), the UPF begin to send duplicate the downlink data and send to both source and target RAN node simultaneously. An indication can be included in the GTP-U header of the first duplicated packet to the source RAN to indicate the start of duplicated transmission. After receiving the indication, the source RAN will trigger Uu handover.

In case of the I-UPF insertion, the UPF sends the downlink data to the target RAN node via the I-UPF.
5.
Before the DRB is established, the target RAN node cache the downlink data from UPF.

6.
As long as the DRBs in target Node are established, the target RAN node, UE will transmit the UL and DL data via target RAN node before the handover procedure is totally finished (UE sending handover complete). In dual radio based handover case, the UE will transmit the data via source and target RAN nodes simultaneously before the handover procedure is totally finished.


UE eliminates the redundancy of the DL data from both source and target RAN node using the DL PDCP SN for URLLC QoS flow. UPF eliminates the redundancy of the UL data from RAN node using the GTP-U SN for URLLC QoS flow.

NOTE 1:
It is assumed there is a 1 to 1 mapping between DRB and URLLC QoS flow. The size of GTP-U SN and the size of PDCP SN are aligned.

NOTE 2:
Since there may have been a few UL/DL of packets transmitted between the HO triggering and target N3 tunnel established, the SN value will be increased comparing to the SN value when triggering HO, so the target RAN node needs to derive the DL PDCP SN and/or UL GTP-U SN value for the packets transmitted in the target path.

8-13.
When receiving path switch request, the core network release the N3 tunnel to source RAN. The target RAN node triggers the release of resources with the source RAN node if it confirms success of the handover by receiving the path switch request ACK.
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