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1 Introduction
This paper discusses the following objective in QoE enhancement WID [1]:
-	Support the continuity of legacy QoE measurement job for streaming and MTSI service during intra-5GC inter-RAT handover process [RAN2, RAN3].
2 Discussion
NR QoE supports multiple QoE measurement collection jobs per service type:
-	One or more QoE measurement collection jobs can be activated at a UE per service type, and each QoE measurement configuration is uniquely identified by a QoE Reference. 
-	A measConfigAppLayerId conveyed in the RRC signalling is used to identify the application layer measurement configuration and report between the gNB and the UE. The RRC identifier is mapped to the QoE Reference in the gNB.
Observation 1: NR QoE supports multiple QoE measurement collection jobs per service type
However, E-UTRAN QoE only supports single QoE measurement job at a time and only supports two service types:
-	The supported service types are QoE Measurement Collection for streaming services and QoE Measurement Collection for MTSI services
-	The E-UTRAN QoE only supports single QoE measurement collection job at a time according to TS 36.331:
measConfigAppLayer-r15		CHOICE{
			release					NULL,
			setup					SEQUENCE{
				measConfigAppLayerContainer-r15		OCTET STRING (SIZE(1..1000)),
				serviceType-r15						ENUMERATED {qoe, qoemtsi, spare6, spare5, spare4, spare3, spare2, spare1}
			}
		}	OPTIONAL,	-- Need ON	

	measConfigAppLayerContainer
The field contains configuration of application layer measurements, see Annex L (normative) in TS 26.247 [90] and clause 16.5 in TS 26.114 [99]. The maximum number of configurations of application layer measurements that a UE supports is one regardless of serviceType.



Observation 2: E-UTRAN QoE only supports single QoE measurement job at a time and only supports two service types.
Therefore, the QoE measurement capabilities of NR and E-UTRAN are not matched. One of possible solutions is to enhance E-UTRAN air interface to introduce multiple QoE measurements per service type and more service types that are same with NR. Enhancing E-UTRAN air interface may have much impact on LTE spec and introduce new requirements on LTE gNB and UE’s implementation. It would be better to avoid modifying LTE specification. 
Observation 3: It would be better to avoid modifying LTE specification and introducing new requirements on LTE UE’s implementation.
In RAN2#121 meeting, the following agreements were made [2]:
1: RAN2 understanding is that for HO between LTE/5GC and NR, QoE continuity is done in AS layer (rather than APP layer), that means the QoE measurement continuity in application layer may not be guaranteed.
2: Agree on the principles of Option 3 and Option 4:
-	Option 3: For HO from NR to LTE/5GC, the UE can keep and continue measurements for only one configuration for a service type supported in LTE
-	Option 4: For HO from LTE/5GC to NR, the UE can keep and continue measurements for the ongoing configuration for a service type supported in NR
3: Option 3 and Option 4 can be worked on in this WI only if there are no impacts to LTE specifications. 
According to RAN2’s agreement, the solutions based on option 3 and option 4 should have no impacts on LTE specifications.
In RAN3#119bis-e meeting, it was agreed and FFSs:
WA: For HO from LTE/5GC to NR, there is no impacts to RAN3.
For HO from NR to LTE/5GC case, identify the impact on RAN3

Solution for HO from NR to LTE/5GC
1. [bookmark: OLE_LINK4]For a same service type (e.g., service type = streaming), the OAM system or CN provides more than one QoE measurements configurations (i.e. application layer measurements). In this example, two QoE measurement configurations are provided and each one is uniquely identified by a QoE reference ID (i.e., QoE reference ID =1 and QoE reference ID =2). The OAM system or CN provides an inter-RAT QoE continuity indication of one of QoE measurements which is used to indicate which QoE measurement (i.e., application layer measurement) is continued and kept during inter-RAT handover from gNB to ng-eNB. 
2. The gNB provides UE an Application layer configuration (i.e. AppLayerMeasConfig IE) in the RRCReconfiguration message (there can be multiple configurations in the same message). For the QoE measurement, the gNB provides the inter-RAT QoE continuity indication to the UE as received from OAM system or CN. In this example, the QoE measurement with measConfigAppLayerId = 1 is provided the inter-RAT QoE continuity indication.


Figure 1. Procedures of QoE measurement continuity for HO from NR to LTE/5GC 
3. The gNB decides to perform intra-system inter-RAT handover to the target ng-eNB. The source gNB only includes the QoE measurement configuration that is provided ‘IRAT continuity indication’ to the ng-eNB in the Handover Request message. In this example, the source gNB only provides the QoE measurement configuration with QoE reference ID =1 to the target ng-eNB. The source gNB also generates and provides LTE RRC QoE configuration of the QoE measurement configuration in the source eNB to target ng-eNB transparent container to the target ng-eNB. The LTE RRC QoE configuration is encoded in LTE RRC ASN.1 format. 
4. When receives the QoE measurement configuration, the target eNB generates or updates the LTE RRC QoE configuration and send it to the source gNB in the Handover Response message, and source gNB forwards it to the UE in the MobilityFromNRCommand message. In the LTE RRC QoE configuration, only service type = streaming is provided without any measConfigAppLayerId.
5. When UE receives the LTE QoE configuration in the MobilityFromNRCommand message, the UE continues the QoE measurement with provided ‘IRAT continuity indication’ of the service type (which is provided in the step 2) and release the other QoE configurations of the service type. In this example, the UE keeps and continues the QoE measurement with measConfigAppLayerId = 1. 
The solution has no impact on LTE specification.
To support QoE measurement continuity for HO from NR to LTE/5GC without LTE spec impact:
· [Impact on TS 38.413] The OAM system or CN provides an inter-RAT QoE continuity indication of one of QoE measurements which is used to indicate which QoE measurement (i.e., application layer measurement) is continued and kept during inter-RAT handover from gNB to ng-eNB; 
· [Impact on TS 38.331] For the QoE measurement, the gNB provides the inter-RAT QoE continuity indication to the UE as received from OAM system or CN.
· [Potential Impact on stage 2] The source gNB generates and provides LTE RRC QoE configuration of the QoE measurement configuration in the source eNB to target ng-eNB transparent container to the target ng-eNB. The LTE RRC QoE configuration is encoded in LTE RRC ASN.1 format.
· [Impact on TS 38.331] When UE receives the LTE QoE configuration in the MobilityFromNRCommand message, the UE continues the QoE measurement with provided ‘IRAT continuity indication’ of the service type and release the other QoE configurations of the service type.
Solution for HO from LTE/5GC to NR
1. For a same service type (e.g., service type = streaming), the OAM system or CN provides one QoE measurements configuration of the service type to the ng-eNB. 

 
Figure 2. Procedures of QoE measurement continuity for HO from LTE/5GC to NR
2. The ng-eNB provides UE an application layer configuration (i.e. measConfigAppLayer IE) in the RRCConnectionReconfiguration message and corresponding service type is indicated to the UE. 
3. The ng-eNB decides to perform intra-system inter-RAT handover to the target gNB. The source ng-eNB provides QoE Configurations to the target gNB, e.g., provides the UE Application Layer Measurement Information IE of the QMC Configuration Information IE in XnAP Handover Request message. The source ng-eNB also provides an indication that whether the QoE measurement is already configured to UE in LTE.
4. When receives the QoE measurement configurations, the target gNB identifies the QoE measurement is already configured to UE in LTE. The gNB allocates a measConfigAppLayerID to the on-going QoE measurement, and sends an on-going QoE measurement association information in handover command, to indicate that UE associates the on-going QoE measurement. The on-going QoE measurement association information may be implicitly indicated by including the measConfigAppLayerID of the service type. 
5. When UE receives the NR QoE configuration including the on-going QoE measurement association information and measConfigAppLayerID, the UE associates the on-going QoE measurement with the allocated measConfigLayerId and continue the QoE measurement after the inter-RAT handover.
To support QoE measurement continuity for HO from LTE/5GC to NR without LTE spec impact:
· [Already supported] The source ng-eNB provides QoE Configurations to the target gNB, e.g., provides the UE Application Layer Measurement Information IE of the QMC Configuration Information IE in XnAP Handover Request message. The source ng-eNB also provides an indication that whether the QoE measurement is already configured to UE in LTE.
· [Impact on TS 38.331] The gNB allocates a measConfigAppLayerID to the on-going QoE measurement and sends an on-going QoE measurement association information in RRC handover command, to indicate that UE associates the on-going QoE measurement.
· [Impact on TS 38.331] The UE associates the on-going QoE measurement with the allocated measConfigLayerId and continue the QoE measurement after the inter-RAT handover.
RAN3 responds a LS to capture the potential NR RRC impacts to support QoE measurement continuity for HO from NR to LTE/5GC and HO from LTE/5GC to NR.
3	Conclusion
This paper discusses the continuity of legacy QoE measurement job for streaming and MTSI service during intra-5GC inter-RAT handover process with the following observations and proposal.
Observation 1: NR QoE supports multiple QoE measurement collection jobs per service type
Observation 2: E-UTRAN QoE only supports single QoE measurement job at a time and only supports two service types.
Observation 3: It would be better to avoid modifying LTE specification and introducing new requirements on LTE UE’s implementation.
1. To support QoE measurement continuity for HO from NR to LTE/5GC without LTE spec impact:
· [Impact on TS 38.413] The OAM system or CN provides an inter-RAT QoE continuity indication of one of QoE measurements which is used to indicate which QoE measurement (i.e., application layer measurement) is continued and kept during inter-RAT handover from gNB to ng-eNB; 
· [Impact on TS 38.331] For the QoE measurement, the gNB provides the inter-RAT QoE continuity indication to the UE as received from OAM system or CN.
· [Potential Impact on stage 2] The source gNB generates and provides LTE RRC QoE configuration of the QoE measurement configuration in the source eNB to target ng-eNB transparent container to the target ng-eNB. The LTE RRC QoE configuration is encoded in LTE RRC ASN.1 format.
· [Impact on TS 38.331] When UE receives the LTE QoE configuration in the MobilityFromNRCommand message, the UE continues the QoE measurement with provided ‘IRAT continuity indication’ of the service type and release the other QoE configurations of the service type.
To support QoE measurement continuity for HO from LTE/5GC to NR without LTE spec impact:
· [Already supported] The source ng-eNB provides QoE Configurations to the target gNB, e.g., provides the UE Application Layer Measurement Information IE of the QMC Configuration Information IE in XnAP Handover Request message. The source ng-eNB also provides an indication that whether the QoE measurement is already configured to UE in LTE.
· [Impact on TS 38.331] The gNB allocates a measConfigAppLayerID to the on-going QoE measurement and sends an on-going QoE measurement association information in handover command, to indicate that UE associates the on-going QoE measurement.
· [Impact on TS 38.331] The UE associates the on-going QoE measurement with the allocated measConfigLayerId and continue the QoE measurement after the inter-RAT handover.
RAN3 responds a LS to capture the potential NR RRC impacts to support QoE measurement continuity for HO from NR to LTE/5GC and HO from LTE/5GC to NR.
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