3GPP TSG-RAN WG2 NR Adhoc Meeting
R2-1700320
Spokane, USA, 17th – 19th January 2017

Title: 
Report of email discussion: [96#34][NR] Inter-RAT mobility
Source: 
Intel Corporation (Rapporteur)

Agenda item:
3.3.2
Document for:
Report

1 Introduction

This email discussion is to try to progress inter-RAT mobility:

[96#34][NR] Inter-RAT mobility (Intel)


Discuss the documents submitted to this meeting and understand the nature of the interface between the 2 RATs from a RAN2 perspective.


Intended outcome: Email discussion report


Deadline: Thursday 05/01/2017

Though there was no online discussion in RAN2 #96 on inter-RAT mobility, this email discussion is an attempt to discuss and see where there is consensus or majority, and an opportunity to discuss some technical details of the solutions proposed with aim to reduce online meeting time discussion. 
The documents that were assigned to agenda 9.3.2 Inter-RAT (listed in reference below) are used as the basis of this discussion.   The discussion is not intended to limit the solutions for inter-RAT mobility to these.  

The following SA2 agreements (23.799 clause 8.11.1) on the topic may be relevant as background for the discussion:

-     The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

-     Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in subclause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-     Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively.
-
The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.
Unless explicitly stated, the term eLTE is used to denote an eNB connected to NG Core and term LTE for an eNB connected to EPC in this document.

The hope is to have some interactive discussion that will help progress the topic further (a column has already been added for this purpose!)
2 Discussion

2.1 “Conventional” Handover between LTE connected to EPC and NR
An example message flow for a “Conventional” connected mode S1/NG based handover between LTE (connected to EPC) and NR can be expected to be similar to those used between LTE and other RATs as shown below:
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Figure 1: Example message flow for an NR to LTE inter-RAT “conventional” S1/NG mode HO (similar to LTE/UMTS HO procedure) 
It is based on the following concept: Target RAT receives the UE CN information from S1 or NG-C interface and configures the UE based on this information.  The configuration generated by the target node should be a complete RRC message carried in the handover command generated by the source node. The UE RRC configuration is a Full configuration and the RRC context from the source is not used for delta configuration (this does not preclude passing some RAN related info between the RAN nodes – either over direct interface or over CN nodes).  CN node does the context mapping between the CN nodes (NG Core and EPC).
As SA2 is still discussing the exact solution for single registered UEs.  SA2 is also discussing different flavours of this HO procedure – such as setting up SRB only or a subset of DRBs.   The intention here is not to discuss the need for this procedure but the impact on RAN2 if it is supported.
Discussion #1:  From RAN2 perspective, for “conventional” S1/NG based HO procedure (if supported),target RAT receives the UE CN information and configures the UE based on this information.  A complete RRC message and Full configuration (not delta) is used.  
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	Agree that as a baseline, target node provides a complete RRC message and Full configuration is provided.
	

	Nokia
	Agree
	As the discussion of converting UE context during HO from 5G to EPC is still ongoing in SA2 it might be bit premature to discuss this in detail. Anyway, we consider this approach to be natural as it works like current LTE-UTRAN HO where CN context is converted  in CN.

	ZTE
	Agree to adopt the “conventional” procedure. The target node provides a complete RRC message with full configuration.
	

	CATT
	Agree, the target RAT receives the UE information from it’s CN. And the RAN configuration is provided by the target RAT to be transmitted to the UE over the source RAT
	

	Fujitsu
	We agree that In HO required message, no delta configuration is needed.  It should be possible to use the RRC transparent container that we have in LTE RRC HO preparation Information message defined in section 10.2.2
	

	QC
	Agree with the statement
	

	Sony
	Agree with the rapporteur statement and to use full configuration
	

	Ericsson
	The assumptions from the rapporteur are reasonable in our view. 
	

	LG
	Agree to use ‘conventional’ procedure as a baseline. It would be natural to convert UE context in the CN as in the current LTE-UTRAN HO.
	

	NTT DOCOMO
	Agree on Discussion #1
	Although it is to be discussed under SA2 normative work, the proposed baseline could be a generic principle applied for all potential mechanisms in TR 23.799, e.g. SRB or SRB + default bearer only HO.

	ITRI
	Agree 
	

	NEC
	Agree with the Rapporteur statement
	

	Broadcom
	Agree
	Same comment as Nokia.

	Convida Wireless
	Agree with the rapporteur’s understanding. As a baseline, the target node provides a complete RRC message and Full configuration is
	

	Samsung
	Agree that a complete RRC message and Full configuration is used
	

	OPPO
	Agree to use the complete RRC message and Full configuration as the baseline, and reuse this conventional way is reasonable.
	


2.1.1 Summary and proposal:

All companies agreed with the discussion point and there seems to be a common understanding that from RAN perspective, “conventional” inter-RAT HO procedure can be the baseline.  It was also commented that this procedure depends on SA2 agreements on support of HO between EPC and NG-Core and final decision should be made .
Proposal #1: From RAN2 perspective, for a “conventional” S1/NG based HO procedure between LTE connected to EPC and NR,  the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Final decision and further details are dependent on SA2 decisions on HO using CN interface between NG Core and EPC.
There was not much mention of data forwarding for the inter-RAT HO scenario between LTE connected to EPC and NR in the contributions.  The need and solutions for RAN direct-interface (i.e. between gNB and eNB) based HO between LTE and NR is also not clear from the contributions.  

Discussion #2: Focussing on the RAN2 aspects, please provide comment if any on need for and feasibility of RAN direct-interface based HO and data forwarding between LTE connected to EPC and NR.  

	Company
	Comments 
	Follow up comments

	Intel
	From a RAN2 perspective, only if it can be done using same procedures as for eLTE (i.e., if SA2/CT1/RAN3 can do the necessary mappings).  That is, we do not see a need to do anything extra for this scenario.
	

	Nokia
	Not needed
	What interface would this be for? If the question is only for the one for data forwarding, it does not need to be standardized. It is always possible by implementation like as in LTE case.

	ZTE
	For the inter-RAT mobility between LTE and NR:
1. The QoS framework is different between NR and LTE. 
2. For an independent evolution of LTE and NR, it’s better to aim for a solution where NR and LTE are not required to comprehend each other’s configuration.
With the above two considerations, it seems impossible to support RAN direct-interface based HO and data forwarding without the involvement of CN.
	

	CATT
	Different CN, hence the support of RAN based inter-RAT HO is more complicated than the scenario where the RATs connected to the same CN
	Should this scenario be de-prioritised.

The data forwarding via direct-interface can be supported by implementation as legacy LTE-3G HO if required.



	Fujitsu
	According to our understanding of RAN3 agreements E-UTRA-NR handover is possible through a New RAN interface. This function provides means for E-UTRA-NR handover via the direct interface between an eLTE eNB and a gNB.
	

	QC
	No need for HO via direct interface as LTE and NR are connected to different CN.
	

	Sony
	Agree with the complexity to support the scenario involving different CNs.
	

	Ericsson
	The assumptions from the rapporteur are reasonable in our view. However, our understanding is that X2 level handover with data forwarding and path switch for this case would be difficult as neither LTE eNB will connect to NG Core, nor will NR connect to EPC.
	

	LG
	Since, the QoS flow to DRB mapping rule in NR and LTE could be different, additional procedure could be needed for matching. From RAN2 point of view, it is inefficient behaviour and we could achieve same results via S1/NG interface procedure. Therefore, It is a lower priority issue.
	

	NTT DOCOMO
	According to the latest RAN3 TR (38.801), data forwarding via direct IF is considered for the following scenarios:
1) Over Xn (Intra/Inter-RAT connected to NG Core)
2) Over Xx (Option 3/3a, i.e. EN-DC)
Direct IF and data forwarding are not considered for inter-system mobility (10.2.2.1 in TR 38.801). On the other hand, in-direct data forwarding could be considered as it has been supported between LTE and 3G.
	

	ITRI
	Direct interface may not be necessary.
	

	NEC
	No specific study needed from RAN2 point of view for now.
	

	Broadcom
	Not needed as the anchoring points for the two RATs are different.
	

	Convida Wireless
	RAN2 and RAN3 need to align. Our understanding is that direct interface is not defined by RAN3 for inter-system mobility, therefore there is no need in RAN2 to discuss this.
	

	Samsung
	We are not sure if the RAN direct-interface based HO is feasible because CN node is change. On the other hand, the interface may be used for data forwarding but the details are unclear for now.
	

	OPPO
	We consider this is not needed because of the issues brought by different CN nodes and different QoS mapping mechanism.
	


2.1.2 Summary and proposal:

Almost all companies agreed that direct RAN interface based between LTE connected to EPC and NR was not needed and would be complex to support.  However, in-direct data forwarding as it has been supported between LTE and 3G could be considered by RAN3 without any RAN2 impact.
Proposal #2: RAN2 does not consider direct RAN interface between LTE connected to EPC and NR.  This does not preclude in-direct data forwarding as it has been supported between LTE and 3G could be considered by RAN3 without any RAN2 impact.
2.2 Handover between eLTE connected to NG Core and NR

RAN2 aspects of S1/NG based HO between eLTE and NR can be expected to be similar to the conventional inter-RAT HO described in section 2. 1.

For inter-RAT HO between eLTE and NR, since they both use the same CN, it may be easier (compared to LTE/NR HO) to use a direct interface (called Xn by RAN3) between eNB and gNB to also provide the CN information as is done for example for X2 based Intra LTE HO.  Thus both an S1/NG based HO or an Xn based HO could be used/defined.  

For intra-LTE, RAN2 had a concept that whether X2 or S1 based HO is used is transparent to the UE.   Similar to the discussion above, the RRC configuration during HO can be a Full configuration based on the CN UE context received by the target node either over Xn or over CN.  Hence it seems possible to achieve a common HO procedure from UE perspective whether the HO is done over Xn or CN.
Companies are invited to comment on:

Discussion #3: For HO between eLTE and NR, specification may support HO with and without Xn interface.  If both are supported, radio procedure is similar to the one discussed in section 2.2.1 and whether HO is over Xn or over CN should be transparent to the UE.  
	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	Agree that whether HO is done over Xn or CN should be transparent to UE (as is done for LTE).
	

	Nokia
	Agree
	One could even consider eLTE-NR HO to be intra 5G-RAN HO – especially if eLTE is having similar RRC and PDCP as NR.

	ZTE
	Agree that whether HO is done over Xn or CN should be transparent to UE.
And for an independent evolution of eLTE and NR, it’s better to aim for a solution where NR and eLTE are not required to comprehend each other’s configuration. So the RRC configuration during HO should be a full configuration.
	

	CATT
	Agree both HO via Xn and via CN should be supported. For HO via Xn, we are expecting similar procedural step as for intra-RAT NR-NR HO via Xn. For HO via CN, the procedure similar to section 2.2.1 can be used.
	

	Fujitsu
	Yes, detailed solutions can be discussed at the meeting
	

	QC
	Agree that Xn or CN based HO should be transparent to the UE.
	

	Sony
	Agree with the rapporteur statement
	

	Ericsson
	It is our understanding that hard HO between LTE and NR within NG core and all cases of intra- and inter-RAN and CN node shall be supported.

Under these assumptions we agree with the rapporteur that radio procedure is similar to the one discussed in section 2.1 and that HO is over Xn or over CN should be transparent to the UE.
 
	

	LG
	Agree
	

	NTT DOCOMO
	Agree that it is transparent to the UE and RRC viewpoints whether HO is performed via Xn or CN.
	

	ITRI
	Agree 
	

	NEC
	Agree that it should be transparent to the UE whether the HO is Xn-based or CN-based.
	

	Broadcom
	Agree that this should be transparent to the UE.
	This answers assume that both eNB and gNB  have N2 connectivity to the same AMF/SMF and N3 to the same UPF+PGW.

	Convida Wireless
	Agree that Xn or CN based HO should be transparent to the UE.
	

	Samsung
	In principle, agree that whether HO is done over Xn or CN should be transparent to UE. 
	

	OPPO
	We also agree that the HO should be transparent to UE no matter it is performed via Xn or CN in the case mentioned here.
	


2.2.1 Summary and proposal
For HO between LTE connected to NG Core and NR, all companies agreed that Xn or CN based HO should be transparent to UE.  

Proposal #3: For Hard HO between LTE connected to NG Core and NR, the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.
Proposal #4: Discuss if RAN2 can already agree that HO between LTE connected to NG Core and NR shall be supported
2.3 RAN context transfer and data forwarding between eLTE and NR

Most of the information to be transferred from source node to target node mentioned in the contributions are related to RAN3.  One exception is the QoS marking to DRB mapping used by the source node.  The need for it is not entirely clear from the contribution.
Discussion #4: Is it useful to provide the source RAT NAS-level QoS profile to DRB mapping information and the DRB configuration information to the target RAT?
	Company
	Comments
	Follow up comments

	Intel
	While there does not seem to be real need for this, since similar information (source e/gNB mapping) will be available at the target for intra-RAT HO, it could be considered also for inter-RAT case.  Final decision can be taken in the WI phase.  See also response to discussion #5
	

	Nokia
	If eLTE is having same PDCP as NR then this “mapping” comes as free basically. 
	

	ZTE
	With the same QoS framework, to ensure lossless handover, it is useful to provide the NAS-level QoS profile to DRB mapping and the received QoS profile from NG Core in the source RAT to the target RAT. Considering that this is somewhat a stage3 aspect, the final decision can be taken in the WI phase.
	

	CATT
	The required QoS mapping for inter-Rat HO could be taken place after the QoS mapping for intra-Rat HO is discussed. QoS mapping for inter-Rat could be investigated on top of the QoS info transfer for intra-RAT NR-NR HO.
	

	Fujitsu
	We do not see the strong need for QoS marking
	

	QC
	There is benefit in passing this information, which the target e/gNB can take into account in setting up the DRBs in order to minimize disruption to the data flow (e.g. use similar mapping as the source e/gNB).
	

	Sony 
	Agree with Intel and CATT to discuss it during the WI phase after intra RAT HO design is clear
	

	Ericsson
	In our view this is not really needed, since each RAN node should anyway have a mapping function from NAS-level QoS profile to DRB.
	

	LG
	We think that it would be beneficial to provide these information because the target RAT could determine the mapping rule based on receiving information from source node.
	

	NTT DOCOMO
	Agree with Nokia. If eLTE supports the same QoS mechanism and their configurations, it can be forwarded to the target node as in LTE.
	

	ITRI
	Similar information may be available in both RATs. Therefore, it may not be required to provide.
	

	NEC
	This should be discussed after clarifying the QoS mapping rule/mechanism in eLTE.
	

	Broadcom
	Agree with Ericsson’s comment that this information is not really needed. However, this should be discussed and concluded only once the HO design is clear. 
	

	Convida Wireless
	Share the same view as Ericsson but also Broadcom.
	

	Samsung
	To avoid losses upon handover that could be caused by potentially different flow-to-DRB mapping, we see benefits in having this information passed from the source node. However, since the NR QoS discussion is not over yet, the final decision on what and how is signalled can be revised once RAN2 clarifies all the related technical aspects.
	

	OPPO
	We consider it could be beneficial to provide this information to the target. However we also agree that the current status of NR QoS is not stable, and it is no hurry for us to determine this.
	


2.3.1 Summary and proposal

There were different views with no majority on whether QoS flow to DRB mapping should be transferred from source to target RAT.   Many companies also expressed a view that this decision can be taken later, at least after QoS discussion on data forwarding or even to stage 3.
Proposal #5: Defer decision on transfer of QoS to DRB mapping between source and target nodes connected to NG Core at least until decision on data forwarding.  
Data forwarding between eLTE and NR using PDCP SN similar to that used in intra-LTE is also mentioned in the contributions.   Companies are invited to comment on:
Discussion #5: Data forwarding and PDCP SN forwarding (as in intra-LTE HO) can possibly be used for eLTE to NR lossless HO.  Please comment on the need for it and if any additional changes to LTE approach is seen to be required.
	Company
	Comments
	Follow up comments

	Intel
	DRB mapping is now left to RAN node.  This introduces some differences with regard to data forwarding compared to LTE.  Between NR and eLTE (and also in intra-NR), since data in one DRB in the source may be mapped to different DRBs in the target, PDCP SNs of the source cannot be directly used in the target PDCP.  This implies that LTE based lossless data forwarding based on PDCP SN cannot be directly applied.  Further discussion is needed on possible solutions (to be discussed in the meeting).
	

	Nokia
	This should be achieavable if eLTE is using similar PDCP as NR.  Thus we agree.
	

	ZTE
	Data forwarding is an essential issue which should be carefully discussed to aim for a lossless HO.  Whether data forwarding based on per PDU session or per QoS flow or per DRB should be discussed first.
	

	CATT
	Lossless HO should be supported. Data forwarding for inter-Rat should follow the discussion on UP stack for NR. 0 ms interruption does not directly applied to inter-RAT HO.
	

	Fujitsu
	Agree that this is FFS. We agree that the data forwarding mechanism will be different than that of LTE.
	

	QC
	Agree with ZTE
	

	Sony
	Agree with CATT
	

	Ericsson
	It is our view that data forwarding is necessary to fulfil tight interworking requirements such as efficient load balancing / traffic steering and improved robustness (since all preparation / signalling need be done while UE is still in source RAT).

Our understanding is that the issue with PDCP SNs that Intel mentions can be handled on the network side to ensure PDCP SN from source can be reused in target to ensure lossless handover. As such, also in LTE different PDCP SNs are supported.  
	

	LG
	Since the mapping rule in the target may be different with in source, there could be problems on data forwarding. Therefore, further discussion is need on this.
	

	NTT DOCOMO
	Data forwarding between eLTE and NR should be supported via the direct IF. 
	One simple approach is to prohibit the different DRB mapping during HO. If the target node wishes to apply different DRB mapping from the source, data forwarding can still be supported w/o PDCP SN similar to LTE full config. HO with data forwarding. Although it sounds reasonable, we are open to study data forwarding together with different DRB mapping unless it becomes too complex.

	ITRI
	Lossless HO is required. However, this issue should be further discussed.
	

	NEC
	As said by others, the DRB mapping (at least for NR) is left to the network (gNB). It is not so simple to apply the similar handling as intra-LTE HO. Further discussion needed as pointed out by ZTE.
	

	Broadcom
	Agree with ZTE’s comment
	

	Convida Wireless
	Agree with ZTE’s comment
	

	Samsung
	In order to achieve it, we have to design NR depending on the LTE framework. For now, further investigation is needed.
	

	OPPO
	Agree with ZTE
	


2.3.2 Summary and proposal
There seems to be a consensus that lossless HO and data forwarding should be supported.  But there were different views on whether there is a problem to be solved and that further discussions are needed.
Proposal #6: Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported.  Further discussion is needed on the topic on both problem and solutions.
2.4 Measurements

Inter-RAT measurements are configured by the source RAT (based on UE capability provided as part of the source RAT capability) in legacy systems today.  This seems to be the assumption of most companies.  Measurement gap (ref: R2-168725) handling may need additional discussion (possibly based on input from RAN4).
Discussion #6: Inter-RAT measurements for the target RAT configured by the source RAT (as done in inter-RAT HOs for LTE today) can be the baseline for NR eLTE/LTE HO.  Please also provide comments, if any, on measurement gaps for inter-RAT measurements (though much of it dependent on other groups). 
	Company
	Comments
	Follow up comments

	Intel
	Agree that measurements in source RAT based on UE target measurement capability signalled as part of the source RAT capability (as in LTE) can be the baseline.  
Need for measurement gaps for inter-RAT handling can be considered after need for gaps for intra-NR measurements is clear.
	

	Nokia
	Source RAT configuring measurements seems to be natural way to do this. 


	Could you elaborate why do you consider measurement gap handling may require some changes (of course we do not know what “size” of gaps we need but is there something else going to be changed? 

	ZTE
	Agree that inter-RAT measurements for the target RAT configured by the source RAT can be the baseline. 
Measurement gap is needed anyway for inter-RAT handling. But more input is needed from RAN1 and RAN4 before we can go into further detailed discussion in RAN2.
	

	CATT
	As base line, measurement configuration used in LTE for inter-RAT HO could be used.
	

	Fujitsu
	We agree with Intel that Inter-RAT measurements for the target RAT are configured by the source RAT. We also think RAN4 input is required before discussion on measurement gaps can happen in RAN2.
	

	QC
	This should be similar to the existing inter-RAT measurements. Measurement gaps should also be similar even though the details will depend on RAN1/4 decisions.
	

	Sony
	Agree with previous comments
	

	Ericsson
	It is also our view that the source should configure measurements for the other RAT. Therefore, in order to support DC and inter-RAT mobility between NR and LTE connected to NGC both RRC specifications should support inter-RAT measurement configuration and reporting.

The need for measurement gaps will depend on UE RF implementation.
	

	LG
	Agree that the target RAT measurement is configured by the source RAT as in the current inter-RAT HO. In addition, because the intra-NR measurement gaps should be adaptable in multiple beam cases, it is unclear whether the legacy measurement gaps can be applied. Therefore, the measurement gaps for inter-RAT measurements should be discussed after a discussion of the intra-NR measurement gaps.
	

	NTT DOCOMO
	Agree with the others that source RAT configures target RAT measurements as in the legacy RATs. On measurement gaps, we also thinks that the basic principle is the same as in the legacy RATs. It hinges on how the gap length is defined according to the RS transmission occasion.
	

	ITRI
	Agree with CATT
	

	NEC
	Agree that the same concept should be applied for inter-RAT measurements between NR and eLTE/LTE.
	

	Broadcom
	Agree with Ericsson
	

	Convida Wireless
	Agree that Source RAT should configure target RAT measurement as in the legacy RATs. 
	

	Samsung
	Agree that’s the baseline. When configuring the length and period of the measurement gap, we need to consider the beam operation.
	

	OPPO
	Agree that legacy way could be used as the baseline, and the details for measurement configurations could be FFS
	


2.4.1 Summary and proposals:

There seems to be a consensus that source RAT should be able to configure UE for target RAT measurements and reporting as is done in legacy.   Regarding measurement gap, most companies agreed that it should wait for intra-RAT measurement discussions with further input needed from RAN1/4.
Proposal #7:  Source RAT should be able to configure Target RAT measurement and reporting for inter-RAT HO.  Discussion on use of measurement gaps for inter-RAT measurement should be done after intra-RAT measurement details are agreed.
2.5 Release with re-direction

Release with re-direction has been used over many technologies and LTE supported many enhancements to reduce interruption time such as providing SIBs of the target cell.  The procedure used in CN upon re-direction to other RAT is left to SA2/CT1.  

Discussion #7: Release with re-direction (with SIB etc., similar to LTE) should be supported in NR with CN procedure left to SA2/CT1?

	Company
	Comments (agree/disagree with reasons if any)
	Follow up comments

	Intel
	Agree that Release with redirection to another RAT (as in LTE) is a basic function and should be supported at RAN level.  CN handling can be left to SA2/CT1
	

	Nokia
	Agree. Release with redirection seems to be good to support. Especially as HO will be much more complex it might be good to support redirection from start to enable fast deployments of inter-RAT mobility.
	

	ZTE
	Agree that Release with redirection to another RAT (as in LTE) is a basic function and should be supported at RAN level.  
Besides, Release with redirection can also be used for other purposes, e.g. achieve load balance between different RATs.
	

	CATT
	Release with re-direction should be supported. Additional enhancement compared to legacy LTE could be further investigated.
	

	Fujitsu
	This is probably possible, but we should decide what is the difference between a HO command and a release with re-direction for the UE.
	

	QC
	Agree with others that this should be supported.
	

	Sony
	Agree with others to support redirection. 
	We understand that interworking is required to be supported with LTE RAT only. How about procedure like redirection? Should other legacy RATs like UTRAN and GERAN be the target RATs for redirection? 

	Ericsson
	We agree that release with redirect shall be supported between NR and LTE in order to provide basic service continuity.
	

	LG
	Agree. Especially, in situations where the NR and the LTE have overlapped layout, service-based redirection and load balancing could be achieve via release with redirection.
	

	NTT DOCOMO
	Agree that release with redirection should be supported together with HO.
	

	ITRI
	Release with re-direction could be supported. Additional enhancements shall be further discussed.
	

	NEC
	We also agree
	

	Broadcom 
	Agree
	

	Convida Wireless
	Agree that release with redirect shall be supported between NR and LTE.
	

	Samsung
	Agree as baseline
	

	OPPO
	Agree that release with redirection should be supported.
	


2.5.1 Summary and proposal

Almost all companies agree that from RAN perspective Release with re-direction should be supported between NR and LTE.
Proposal #8: Release with redirection is supported between NR and LTE (both connected to NG Core and EPC).
2.6 Concurrent RAT/Dual radio operation
There are some contributions discussing Concurrent RAT based solutions and benefits of avoiding dual simultaneous tx and using network support.  Concurrent RAT operation is not just related to inter-RAT mobility but also continuous operation (such as VoIP in one system and data in other).  The contributions do not go into sufficient details to make a detailed technical discussion.  It might be difficult to make much meaningful progress on this topic as part of this email discussion.  
A discussion point is anyway provided if any company wants to provide comments on dual radio solutions.

Discussion #8:  Please also provide comments if any on use of Concurrent RAT operation for inter-RAT interworking (though it might be difficult to make progress by email on this fairly complex topic before online discussion). 

	Company
	Comments
	Follow up comments

	Intel
	Concurrent RAT operation should be studied.  Details depend on progress on basic NR details are developed and can be discussed later.
	

	Nokia
	UE supporting NR-LTE dual connectivity should have also dual radios. 
Wihtout such a assumption complexity could become a issue as anytime UE is receiving DL from any of the radios it would be required to send feedback (ACKs/CSIs etc.) even if only getting DL data. So only having DL active is not really that practical.
	

	ZTE
	Issues such as architecture, authentication, security, etc. should be carefully discussed in other groups for Concurrent RAT operation. Before having more input information from other groups, e.g. SA2, the discussion in RAN2 should be de-prioritized.
	

	CATT
	Agree with the remark. It would be good to wait for online discussion.
	

	Fujitsu
	Our understanding of RAN2 status is that Dual radio is FFS and it may be possible that the UE is connected to EPC and NGC. SA2 Agreements include: “The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC”
	

	QC
	Agree with Intel that this should be studied further. Both with and without dual radios for NSA and SA deployments should be considered.
	

	Sony
	Agree to discuss it further as it is important aspect for tight interworking
	

	Ericsson
	There have been proposals for dual connectivity like solutions for UEs which do not have full simultaneous TX and/or RX capabilities. In such solutions, the UE may switch the DL and/or UL between the two RATs to maintain both connections. 

We think these kind of solutions are required to be studied further before concluding on the need for them. It is important that any solution is fully network controlled and that the number of UE types are limited.
	

	LG
	Agree to study more about concurrent RAT operation/dual radio operation. It is beneficial for us to understand which scenario(s) we want to study such concurrent/dual operation in e.g. when UE is registered in both NG Core and EPC, but no NGx interface is supported between NG Core and EPC.
	

	NTT DOCOMO
	Besides EN-DC, we’re aware of the SA2 agreement spotted by Fujitsu. More inputs are required to analyse our specification impacts.
	

	ITRI
	Agree with Intel.
	

	NEC
	Agree to study further on concurrent RAT/dual radio operation. The expected scenario/ use case should be clarified at first.
	

	Broadcom
	This should be studied further after clarification of the scenarios/use cases.
	

	Convida Wireless
	Agreed with the views such as the one stated by Intel and Qualcomm that this should be studied further. Both with and without dual radios for NSA and SA deployments should be considered.
	

	Samsung
	SA2 agreed to define a new mobility procedure, i.e. dual registration (see solution 18.4 in TR23.799). With the dual registration, a UE perform ATTACH procedure to the target RAT instead of the conventional inter-RAT handover. According to SA2 agreement, RAN2 need to study the dual registration in RAN2 perspective.
Regarding this section, we need to classify the issues as follows:
1) TX/RX sharing under network control (it seems not related to dual registration because no NGx interface is assumed in dual registration)
2) TDM operation under no network control (we assume it can be useful to support dual registration)
	

	OPPO
	We also consider the scenario and use case are not so clear to us, and would like to wait for online discussion on this issue.
	


2.6.1 Summary
Almost all companies agreeing that further online discussion is needed on concurrent operation and dual registration.  Different views were expressed on when to discuss and what (RX/TX sharing/TDM etc.) to discuss.   Dependency on SA2 discussion was also pointed out by most companies.   
No proposal is put forward for this at this time and further online discussion is needed depending on SA2 progress and work prioritisation as with any other topic.
2.7 Inactive state

Both LTE and NR support (or expected to support) a “state” where there is a UE context in the RAN and RAN is responsible for paging the UE and keeping track of the UE location.   The following message flow was proposed in R2-168301 for mobility between eLTE and NR for UEs in inactive state to reduce signalling overhead during inter-RAT mobility (especially where inter-RAT mobility is likely to be frequent).  In this discussion, please focus on the stage 2 and RAN2 aspects and not on the actual messages used over the network interfaces.
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Figure 2: An example message flow RAN based mobilitiy between eLTE and NR in inactive state (source: R2-168301)
While the message flow itself is similar to intra-LTE scenarios, this wasn’t discussed in the online session and there could be differences/additional points to address.  Companies are invited to ask any clarification questions, discuss in more detail on the use of such procedure etc. Other solutions can also be considered.   
(Note this topic is a bit broad and may need to be split into different discussion points depending on the responses).
Discussion #9:  Please also provide questions/comments/other solutions, if any, on use of above or other solutions for inter-RAT mobility between eLTE and NR in Inactive state.   
	Company
	Comments
	Follow up comments

	Intel
	We have a few questions for our understanding first:

1) Can this solution be applied when the CN nodes for eNB and gNB are physically different?  Or does this apply only if they share a common physical CN node?
2) The RRC configuration provided in the Resume will be a Full RRC configuration and if so, does it not need encryption?
Other comment:

3) UE id handling across eLTE and NR needs to be coordinated and this should be discussed further.
	Ericsson response: 
1) The figure shows only the case of Xn context fetching however it is our understanding that there could be similar flows for context fetch also defined when there is no Xn connectivity. Those flows could potentially also cover the case of changing CN node. 

2) We assume that the security context will also be transferred in the context fetch procedure. The UE should be able to calculate the key based on the security context in source cell (including NextHop Chaining Counter) provided in source cell (e.g. as part of suspend). The target node will use the key provided by the source.

For both 1) and 2) these context conversions are also needed in the intra-RAN HO between eLTE and NR as agreed in the previous discussion.

3) We agreed with intel that UE id handling should be further discussed.

	Nokia
	Figure 2 seems to assume that resume operation works cross-RAT, in case of eLTE this may be practical due to possibly similar PDCP/RRC but between LTE and NR this may not be that simple. 
	

	ZTE
	1. The motivation and benefits to introduce this inactive inter-RAT mobility should be discussed before going deep into the discussion of specific solutions.
2. If it is deemed necessary after discussion: 
Besides the intra “serving CP CN node” mobility scenario illustrated in Figure2, the mobility scenario of inter “serving CP CN node” should also be discussed. And we’d better strive for a common solution for both scenarios.
3. The inter-RAT mobility in inactive state should be de-prioritized compared to the active inter-RAT mobility.
	

	CATT
	Before going into discussion based on the message flow, we think the basic concept of including NR and eLTE in a RAN based notification area should be discussed. Also, possibility of small data transmission in inactive state without state transition is considered for inactive state. Hence the suspend/resume procedure is not the only procedure to be considered in inactive state.  
	

	Fujitsu
	We agree with the questions from Intel and also wonder if this should be discussed firstly in SA2
	

	QC
	It is beneficial to keep the UE in the similar state while moving between eLTE and NR so as to prevent unnecessary mode switches. Therefore, a solution based on Figure 2 can be studied and specified. Agree that different CN nodes should also be discussed and a common solution should be targeted. 
	

	Sony
	Agree with ZTE
	

	Ericsson
	See comments to Intel.
	

	LGE
	According to Figure 2, the eLTE eNB and gNB are found in the same RNA. However, first, further discussion is needed on whether NR RNAs can contain eLTE eNBs and whether RNA ID in NR can be understood on eLTE eNBs. Lastly, since RAN2 is currently discussing foundational modeling of the INACTIVE state, it may be premature to discuss the procedure in detail, e.g., new procedure or suspend/resume.

Currently, it is clear from the legacy operation that when UE moves from NR RRC_INACTIVE to LTE RRC_IDLE, UE would trigger RRC Connection Establishment procedure at a LTE cell e.g. TAU. In addition, it seems clear that when UE moves from LTE Light Connection to NR IDLE, UE would trigger RRC Connection Establishment procedure at a NR cell e.g. TAU.
	

	NTT DOCOMO
	We also understand that the key issue is to enable AS context storing between LTE and NR. To do so, the following approaches can be considered.
Opt.1: Transform NR AS context into LTE AS context and vice versa.
Opt.2: UE stores both LTE and NR AS contexts.
Both approaches looks complicated and so studied for further.
	

	ITRI
	The deployment is envisioned. However, the motivation and benefits for inter-RAT mobility in inactive state should be discussed first. CN aspects needs to be discussed in other groups.
	

	NEC
	This mechanism seems interesting to study, while the motivation and benefit should be clarified before discussing the possible solutions.
Also, agree with DOCOMO on the key issues.
	

	Broadcom
	Agree with Ericsson’s comments
	

	Convida Wireless
	We share the same view as ZTE.
	

	Samsung
	RAN WG2 has agreed that the baseline solution is that a UE enters IDLE state in the target RAT and performs TAU procedure. It is in principle possible to have some optimizations by e.g. avoiding TAU procedure in the target RAT, by that would require tight(-er) coordination between the source and target RAT not only at the level of fetching UE context, by also at the level of aligned cell configurations in both RATs so that the network knows how to reach the UE.
	

	OPPO
	We also agree with ZTE that the motivations and benefits should be discussed firstly. 
	


2.7.1 Summary
Some technical details of the solution were discussed.  While some companies expressed some support, other companies suggested to discuss the motivation and benefits of such solution first  and transition to Idle with TAU can be the baseline.
No proposal is put forward for this at this time and further online discussion is needed depending on SA2 progress and work prioritisation as with any other topic.

As with the HO discussion whether this kind of procedure can/should be considered between LTE and NR is not clear from the contribution.
Discussion #10:  Please also provide comments on the need for inter-RAT mobility between LTE and NR in Inactive state.   If needed, please also comment on the use/applicability/changes needed to solutions for eLTE to NR.
	Company
	Comments
	Follow up comments

	Intel
	As with other solutions, if it can be done within the same framework as eLTE/NR from UE perspective, it can be considered.  There is also dependency on CN aspects that needs to be discussed in other groups. 
	

	Nokia
	Mobility between LTE-NR maybe not be that simple due to differing U-plane/C-planes and that is more real inter-RAT mobility. Thus it might be easier to do mobility via IDLE for RRC_INACTIVE/light connection. 
	

	ZTE
	1. The motivation, benefits and feasibility to introduce inter-RAT mobility between LTE and NR in inactive state should be discussed before going deep into the discussion of specific solutions.
2. If it is deemed necessary after discussion, we’d better strive for a common solution for both inter-RAT mobility between eLTE and NR and inter-RAT mobility between LTE and NR.
3. The inter-RAT mobility between LTE and NR in inactive state should be addressed with the lowest priority.
	

	CATT
	We agree that inter-RAT mobility between LTE and NR in inactive state should be studied. Note that the deployment scenario may consists of LTE and NR hence it is inevitable that the UE moves among LTE and NR cells while in inactive state.
	Required changes should be discussed after the concept is agreed.  And it needs detail discussion.

	Fujitsu
	We agree with Intel that this depends on discussions in other groups
	

	QC
	It is not easy to find a solution for LTE-NR mobility in Inactive state due to different CN. Therefore, reverting to Idle mode reselection seems more practical.
	

	Sony
	Agree with Qualcomm
	

	Ericsson
	Our assumption is that when UE changes between EPC and 5G-CN in Idle / Inactive there is a need to trigger a Tracking Area Update to change the NAS context in the CN.
	

	LG
	Although it depends on the deployment of LTE and NR, there could be overlapped layout like macro and small cells. Since inter-RAT mobility between LTE and NR could not be avoided in overlapped layout, we also need to discuss on inter-RAT mobility between LTE and NR in inactive state.
	

	NTT DOCOMO
	Agree with QC, which is simple and so should be baseline. Anyway, there would be the case that “inactive” state is not supported for both RATs.
	If LTE inactive refers to light connection, the UE is in RRC_CONNECTED. In that case, inter-RAT mobility can be supported by handover.

	ITRI
	The deployment is envisioned. However, the motivation and benefits for inter-RAT mobility in inactive state should be discussed first. CN aspects needs to be discussed in other groups.
	

	NEC
	Agree with Qualcomm
	

	Broadcom
	Agree with Qualcomm
	

	Convida Wireless
	Agree with Qualcomm
	

	Samsung
	In general, same view as expressed above for question #9.
	

	OPPO
	We also agree with ZTE that the motivations and benefits should be discussed firstly.
	


2.7.2 Summary

Besides the comments similar to the previous question such as to discuss motivation first, many companies also commented on additional complexity, that it may not be practical and the dependency on other groups.  

3 Summary and recommended proposals
16 companies provided comments to the email discussion.  The following summary and proposals are copied from the section above:

Proposal #1: From RAN2 perspective as a baseline, for a “conventional” S1/NG based HO procedure between LTE connected to EPC and NR,  the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Final decision on support and further details of CN information are dependent on SA2 decisions on HO using CN interface between NG Core and EPC.

Proposal #2: RAN2 does not consider direct RAN interface between LTE connected to EPC and NR.  This does not preclude in-direct data forwarding as it has been supported between LTE and 3G could be considered by RAN3 without any RAN2 impact.
Proposal #3: For Hard HO between LTE connected to NG Core and NR, the target RAT receives the UE CN information and configures the UE based on this information with a complete RRC message and Full configuration (not delta).  Whether the HO is over Xn or CN is transparent to the UE.

Proposal #4: Discuss if RAN2 can already agree that HO between LTE connected to NG Core and NR shall be supported

Proposal #5: Defer decision on transfer of QoS to DRB mapping between source and target nodes connected to NG Core at least until decision on data forwarding.  
Proposal #6: Lossless HO between RAN nodes (eNB and gNB) connected to NG Core should be supported.  Further discussion is needed on the topic on both problem and solutions.

Proposal #7:  Source RAT should be able to configure Target RAT measurement and reporting for inter-RAT HO.  Discussion on use of measurement gaps for inter-RAT measurement should be done after intra-RAT measurement details are agreed.

Proposal #8: Release with redirection is supported between NR and LTE (both connected to NG Core and EPC).

No specific proposals are made on Concurrent RAT/Dual radio and Inactive state across LTE connected to NG Core and NR as there was no consensus. 
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