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1. Introduction
In SA2 Rel-16 SID on enhancement of URLLC supporting in 5GC, SA2 investigated architecture enhancements for supporting URLLC services in 5G System and captured key issues and solutions in TR 23.725 [1]. For example, SA2 provided solutions to monitor the QoS of the QoS flow with URLLC requirement and minimise impacts of UE mobility. 
This contribution discusses solutions for QoS monitoring and minimisation of UE mobility impact in URLLC services. 
2. Discussion
2.1 Background

The new Rel-16 SI “Study on RAN-centric data collection and utilization for LTE and NR” was approved at the TSG RAN #80 meeting and updated in [2]. The URLLC optimisation use case was identified as a possible use case for the SI.
	1. Study the use cases and benefits of RAN centric Data utilization, e.g. SON features including mobility optimization (cell and beam based), RACH optimization, load sharing/balancing related optimization, coverage and capacity optimisation, Minimization of Drive testing (MDT), URLLC optimisation, LTE-V2X (i.e., PC5 and uu), etc., applicable to different scenarios in NG-RAN, MR-DC connected to 5GC and EPC and LTE and take NR new features, e.g., beam, network slice, BWP, duplication etc. into account [RAN3, RAN2].
2. Identify necessary standard impact on data collection and utilization for the defined use cases and scenarios, including, 
· …

· Utilization: Study necessary procedures and information exchange required for different use cases, e.g. SON, RRM enhancement, edge computing, radio network information exposure, URLLC and LTE-V2X (i.e., PC5 and uu), etc [RAN3]. 

…


During RAN3 email discussion of use cases for RAN-centric data collection and utilization, most companies indicated the importance of the URLLC optimisation use case, and that it should be studied in this SI.

Proposal 1: RAN3 should study the URLLC optimisation use case for RAN centric-data utilization in TR 37.816.

Moreover, in SA2#129, SA2 sent a LS [3] to RAN3 and RAN2, requesting feedback on:

 “…the impacts and viability brought by the QoS Monitoring solution of SA2 documented in subclause 6.8 in the TR 23.725, and if there are any ongoing/planned work in RAN2/3 in similar areas that may be useful for SA2 to consider”.

In reply, both RAN2 [4] and RAN3 [5] indicated that the RAN aspects of QoS monitoring for URLLC optimization fall within the scope of the "RAN-centric Data Collection and Utilization for NR" SI. 
Proposal 2: RAN solutions for QoS monitoring should be studied as part of URLLC optimisation use case. 

2.2 QoS monitoring for URLLC
In TR 23.725, SA2 defined an end-to-end QoS monitoring mechanism, including the QoS monitoring triggering and enforcement. RAN3 can consider this solution in its study on the use case of URLLC optimisation.

Observation 1: RAN aspects of QoS monitoring solution in TR 23.725 should be considered by RAN3 for URLLC optimisation use case.
SA2 defined a QoS Monitoring Policy that contains QoS parameters to be monitored (e.g. round trip or UL/DL packet delay, jitter and packet error rate), event report triggers, the validity timer length for round trip monitoring, the threshold of QoS parameters and the relevant actions when threshold is exceeded (e.g. report of the packet delay). The QoS Monitoring Policy is sent to the SMF during the PDU Session Establishment or Modification procedure, alternatively, the QoS Monitoring Policy can be pre-configured at SMF by the operator. 
Observation 2: QoS Monitoring Policy may contain monitored QoS parameters (e.g. round trip or UL/DL packet delay, jitter and packet error rate), event report triggers, monitoring periodicity, the threshold of QoS parameters and the relevant actions when threshold is exceeded.
According to TR 23.725, the SMF notifies the RAN and UE to enable QoS monitoring for specific QoS flows.
Proposal 3: SMF may indicate to the RAN and UE to start QoS Monitoring for specific QoS flows based on QoS Mobility Policy. 

Proposal 4: QoS monitoring may be performed by different nodes in MR-DC and gNB CU-DU function split and gNB CP-UP separation.
For monitoring the UL and DL end-to-end packet delay within the 5G network, one possible solution is described in TR 23.725, where the UPF and UE can respectively mark some of the DL and UL packets (either new packets using the same QoS flow as the URLLC packets or actual URLLC packets) to be the monitoring packets, and send them to the RAN, then the RAN that initiates DL and UL packet delay measurements between the RAN and UE. For example, using the new packets option, the round-trip latency could be monitored by sending the round-trip monitoring packets between the UE and UPF. While, using actual service packets, the round-trip packet delay is measured as the UL one-way packet delay plus DL one-way packet delay.
Proposal 5: RAN initiates DL and UL packet delay measurement between RAN and UE.
2.3 Mobility Impact on URLLC Optimisation
Mobility can impact the reliability performance of many URLLC services such as V2X communications and intelligent transport systems. To achieve reliability for URLLC optimisation, two handover related factors need to be considered in this study. First, the mobility interruption time defined as the time from the UE disconnection from the source NG-RAN node and UE reception of the first packet from the target NG-RAN node. High mobility interruption time can increase the overall handover delay and significantly impact URLLC stringent latency requirements. The second factor is the handover failure that increases with increased UE mobility speed. Hence, it is essential to reduce both mobility interruption time and handover failure in order to enable URLLC services.
In relation to the above minimisation of impact of UE mobility, in TR 23.725, SA2 studied the following key issues: 

· Key Issue #1: Supporting high reliability by redundant transmission in user plane. 
· Key Issue #2: Supporting low latency and low jitter during handover procedure
· Key Issue #3: Enhancement of Session Continuity during UE Mobility
The following are some example solutions identified for the above key issues (in TR 23.725): 
· Solution #1 for Key Issue #1: Redundant user plane paths based on dual connectivity. The solution enables a terminal device to set up two redundant PDU Sessions over the 5G network (3GPP system including RAN & CN).
· Solution #5 for Key Issue #2: Duplication of user plane tunnelling during HO. The idea is that the user plane tunnel will be established and used to transmit data as long as the DRB is established during HO procedure. This is in order to avoid the additional latency and jitter brought by data forwarding and/or data path switch on CN side.
· Solution #6 for Key Issue #3: Forwarding tunnel between source and target UL CL.
Proposal 6: RAN3 to consider solutions in TR 23.725 that support high reliability, low latency and session continuity during UE mobility, in order to minimise impact of UE mobility on URLLC services. 
3. Conclusion
In this contribution, we discussed potential solutions for QoS monitoring and minimising impact of UE mobility in URLLC services. The following are the observations and proposals in this document:
Proposal 1: RAN3 should study the URLLC optimisation use case for RAN centric-data utilization in TR 37.816.
Proposal 2: RAN solutions for QoS monitoring should be studied as part of URLLC optimisation use case.
Observation 1: RAN aspects of QoS monitoring solution in TR 23.725 should be considered by RAN3 for URLLC optimisation use case.
Observation 2: QoS Monitoring Policy may contain monitored QoS parameters (e.g. round trip or UL/DL packet delay, jitter and packet error rate), event report triggers, monitoring periodicity, the threshold of QoS parameters and the relevant actions when threshold is exceeded.

Proposal 3: SMF may indicate to the RAN and UE to start QoS Monitoring for specific QoS flows based on QoS Mobility Policy. 

Proposal 4: QoS monitoring may be performed by different nodes in MR-DC and gNB CU-DU function split and gNB CP-UP separation.
Proposal 5: RAN initiates DL and UL packet delay measurement between RAN and UE.
Proposal 6: RAN3 to consider solutions in TR 23.725 that support high reliability, low latency and session continuity during UE mobility, in order to minimise impact of UE mobility on URLLC services. 
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