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[bookmark: _Ref298777854]Introduction
This contribution is a re-submission of R2-168294 submitted to last RAN2 meeting. It has been agreed to support tight RAN level inter-working between LTE and NR using Dual Connectivity (DC) and fast mobility. This contribution analyzes different scenarios for inter-RAT mobility, and what they can be used for and relate these scenarios to the UE capabilities. 

Motivation for tight RAN level inter-working
Traditionally inter-RAT mobility has been used to achieve service continuity for UEs moving in the network. There are however several drivers for supporting more efficient RAN level inter-working between LTE and NR including support for:
· Efficient load balancing / traffic steering
· This will enable higher system capacity and better spectrum utilization
· In order to achieve this, it is required that the traffic can be quickly moved between the RATs to adapt to changing traffic demands, and link conditions
· Load balancing / traffic steering can help all users of the system (thanks to offloading effect), not only those in coverage of multiple RATs
· Efficient Load balancing / traffic steering can also consider different services e.g. where some services are better served by one RAT

· Improved robustness from using multiple layers
· It is likely that deployments of NR and LTE may have different coverage e.g. due to operating in different frequency bands, or due to different number of sites, or different node types (macro/pico)
· Utilizing both layers for coverage increases the end user performance, and lowers the costs for operators since not all RATs are required to be deployed in all places
· Multi-layer robustness can also play a role in supporting high reliable services (e.g. URLLC)

· Access aggregation
· Utilizing multiple accesses simultaneously for data transmission and/or reception can increase end user throughput as well as the resource utilization when there are unused resources in both layers at the same time

· Non stand-alone operation of NR
· Tight RAN level inter-working using DC enables NSA deployments of NR e.g. to support early deployments of NR with less than perfect coverage.
Mechanisms for tight RAN level inter-working
The previous chapter discussed different drivers for efficient RAN level inter-working between LTE and NR. These different drivers are in this section related to the mechanism for handling inter-RAT inter-working as well as the UE capabilities. 

Inter-RAT cell re-selection
Inter-RAT cell re-selection is a solution today used in 3GPP systems for idle mobility between different RATs. It can also be used in connected mode, e.g. by network sending an RRC release (with re-direct) which causes UE to go to target RAT to setup service. It is assumed Inter-RAT cell re-selection can be supported also between LTE and NR however due to the latency involved in this procedure (e.g. cell search, initial access, re-building RAN context) inter-RAT cell re-selection is not good enough to meet the requirements on tight RAN level inter-working only to provide basic service continuity.
[bookmark: _Toc463010397][bookmark: _Toc463010480][bookmark: _Toc463010518][bookmark: _Toc463010616][bookmark: _Toc463010651][bookmark: _Toc463035981][bookmark: _Toc466070166][bookmark: _Toc471499157]Inter-RAT cell re-selection shall be supported between NR and LTE for idle mode mobility and release with re-direct in order to provide basic service continuity

Hard handover
Hard handover via EPC/NextGen CN
CN level handover between RATs has been standardized between 2G/3G/LTE. The solution basically involves that the UE is configured to perform measurement on the target RAT, once certain conditions occur the source RAN will initiate handover preparation, which involves converting the RAN and CN context in source RAN and NC to the RAN / CN context of the target RAT. The target RAT reserves resources for the UE and then the UE is informed about the mobility in a handover command. The UE will then access the target RAT using the target radio. The procedure is very complex, and cannot be considered efficient (e.g. signalling, interruption wise) 
The solution does not fulfil the drivers for Efficient load balancing / traffic steering (due to too slow, too heavy procedure), improved robustness (since all preparation / signalling need be done while UE is still in source RAT), aggregation or NSA NR operation since it is a hard handover procedure. The main driver for supporting inter-RAT inter-CN handover would be to support service continuity for VoIP services.  
[bookmark: _Toc463010398][bookmark: _Toc463010481][bookmark: _Toc463010519][bookmark: _Toc463010617][bookmark: _Toc463010652][bookmark: _Toc463035982][bookmark: _Toc466070167][bookmark: _Toc471499158]Hard handover via EPC/NextGen CN should be supported for VoIP service continuity.

Hard handover within NextGen CN
There are several flavours of hard handover between LTE and NR within the NextGen CN that can be considered:
· Intra-RAN node handover
· Inter-RAN node handover
· Inter-CN node handover
Regardless of which solution is used, the hard handover procedure within NextGen CN will be significantly more efficient than handover to/from EPC, since the same NexGen CN context will be used and the “upper parts” of the RAN context is also expected to be re-used since LTE and NR both terminated the same NG interface. Hard handover within the NextGen CN can most likely be used for efficient load balancing and improved robustness, although it may not be as efficient as multi-connectivity based solutions. It will also not support NSA NR operation and access aggregation.
[bookmark: _Toc463010399][bookmark: _Toc463010482][bookmark: _Toc463010520][bookmark: _Toc463010618][bookmark: _Toc463010653][bookmark: _Toc463035983][bookmark: _Toc466070168][bookmark: _Toc471499159]Hard handover between LTE and NR within NextGen CN/RAN shall be supported. All cases of intra and inter- RAN and CN node shall be supported. 

Multi-connectivity based solutions
Multi-connectivity based solutions here considered any case where the UE maintains some level of connectivity to both RATs at the same time. There are many different flavours of multi-connectivity based solutions that can be considered.

Dual Connectivity as defined in LTE
DC for LTE relies on the UE being able to simultaneously communicate with both legs in the connection, having full simultaneous RX/TX capabilities. A similar solution can be defined for NR and LTE inter-working. The solution would support efficient load balancing, improved robustness, and access aggregation (both DL and UL). The solution would also support initial NSA NR operation, which is required for UE connectivity Option 3 in [1].
To further enhance the solution with respect to robustness it would be beneficial to support RRC diversity which was something considered for DC in LTE but not standardized. RRC diversity can give some added robustness in varying NR and LTE coverage e.g. due to different frequency bands, deployments.
[bookmark: _Toc463010400][bookmark: _Toc463010483][bookmark: _Toc463010521][bookmark: _Toc463010619][bookmark: _Toc463010654][bookmark: _Toc463035984][bookmark: _Toc466070169][bookmark: _Toc471499160]Full Dual Connectivity(1A/3C) including RRC diversity between LTE and NR shall be supported. 

Multi-connectivity based solutions with restrictions
Several different multi-connectivity based solutions with restrictions have been proposed in [2, 3, 4]. Below is a quick analysis of the proposals and a proposed way forward.
Solutions relying on a single UL conveying info for other RAT [2]:
In this scenario the UE is receiving both LTE and NR DL carriers, enabling access aggregation in the DL, but the UE uses only a single RAT UL e.g. LTE UL carriers. The solution requires in the case of LTE UL that the acks, and other NR related reports are transferred over LTE radio. The motivation for this solution is to be able to support DL aggregation without requiring the UE to be able to transmit on two RATs, as well as require that the operator allocate an UL carrier for NR.
Before concluding on the need for such complex and possible restricted solution, it would be beneficial to first perform a deeper analysis of the pros and cons with the solution and compare the solution to alternative multi-connectivity solutions. For instance, one such alternative can be to define a “thin” UL NR carrier which is multiplexed together with LTE UL carrier e.g. in time or frequency, or in the guard band. This carrier can carry NR UL signaling but also NR UL data. Such solution would avoid the complexity and potentially other drawback of specifying NR signaling over LTE since it is a full Dual Connectivity solution. The advantages of such a solution would be that the all UL transmission are contained in the same frequency band which lowers UE impacts, and avoids the need to allocate a full NR UL carrier. 
[bookmark: _Toc463010401][bookmark: _Toc463010484][bookmark: _Toc463010522][bookmark: _Toc463010620][bookmark: _Toc463010655][bookmark: _Toc463035985][bookmark: _Toc466070170][bookmark: _Toc471499161]It is proposed to not support solution based on sending NR L2/L1 signaling over LTE in the UL.

[bookmark: _Toc463010402]Multi-connectivity solutions with UEs that do not support full simultaneous TX and/or RX capabilities [3, 4]:
[bookmark: _Toc463010403][bookmark: _Toc463010485]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. The main benefits of such solution would be to support efficient load balancing and improved robustness while having reduced UE complexity, cost, power consumption etc.
[bookmark: _Toc463010404][bookmark: _Toc463010486]The drawback with supporting such solution is the need to support additional UE types in the network potentially increasing the complexity, inter-operability testing and reducing the network performance. For this reason, it would be beneficial to study these sort of solutions further before concluding on the need for them. If any solution should be introduced it would be very beneficial if only one type of limited dual connectivity UEs are defined which has a predictable performance from the network point of view.
[bookmark: _Toc463035986][bookmark: _Toc466070171][bookmark: _Toc471499162][bookmark: _Toc463010405][bookmark: _Toc463010487][bookmark: _Toc463010523][bookmark: _Toc463010621][bookmark: _Toc463010656]Multi-connectivity solutions for UEs which do not support full simultaneous TX and/or RX capabilities is 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. 

Summary
[bookmark: _Toc463010406][bookmark: _Toc463010488][bookmark: _Toc463010524]The table below summarizes the analysis and recommendations from previous section.
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	[bookmark: _Toc463010410][bookmark: _Toc463010492][bookmark: _Toc463010528]Recommendation

	[bookmark: _Toc463010411][bookmark: _Toc463010493][bookmark: _Toc463010529]Cell Reselection
	[bookmark: _Toc463010412][bookmark: _Toc463010494][bookmark: _Toc463010530]Support for basic service continuity (e.g. data)
	[bookmark: _Toc463010413][bookmark: _Toc463010495][bookmark: _Toc463010531]Low, supports UEs with single RX/TX
	[bookmark: _Toc463010414][bookmark: _Toc463010496][bookmark: _Toc463010532]Shall be supported

	[bookmark: _Toc463010415][bookmark: _Toc463010497][bookmark: _Toc463010533]Hard HO between EPC and NextGen CN
	[bookmark: _Toc463010416][bookmark: _Toc463010498][bookmark: _Toc463010534]Support for service continuity (e.g. data/voice)
	[bookmark: _Toc463010417][bookmark: _Toc463010499][bookmark: _Toc463010535]High on both new and legacy UE, RAN and CN. Supports UEs with single RX/TX
	Shall be supported based on current SA2 understanding.

	[bookmark: _Toc463010419][bookmark: _Toc463010501][bookmark: _Toc463010537]Hard HO intra-NextGen CN
	[bookmark: _Toc463010420][bookmark: _Toc463010502][bookmark: _Toc463010538]Support for service continuity (e.g. data/voice) and basic load balancing / traffic steering
	[bookmark: _Toc463010421][bookmark: _Toc463010503][bookmark: _Toc463010539]Same impact as intra-RAT handover between RAN and CN, some additional complexity over radio. Supports UEs with single RX/TX
	[bookmark: _Toc463010422][bookmark: _Toc463010504][bookmark: _Toc463010540]Shall be supported for all cases e.g. intra-RAN node, inter RAN node, inter CN node

	[bookmark: _Toc463010423][bookmark: _Toc463010505][bookmark: _Toc463010541]Full DC
	[bookmark: _Toc463010424][bookmark: _Toc463010506][bookmark: _Toc463010542]Supports mobility robustness, load balancing / traffic steering, access aggregation, NSA NR
	[bookmark: _Toc463010425][bookmark: _Toc463010507][bookmark: _Toc463010543]High impacts. Requires dual RX/TX UEs
	[bookmark: _Toc463010426][bookmark: _Toc463010508][bookmark: _Toc463010544]Shall be supported

	[bookmark: _Toc463010427][bookmark: _Toc463010509][bookmark: _Toc463010545]Dual RAT DL, single RAT UL
	[bookmark: _Toc463010428][bookmark: _Toc463010510][bookmark: _Toc463010546]Supports mobility robustness, load balancing / traffic steering, access aggregation (DL only), NSA NR (DL only)
	[bookmark: _Toc463010429][bookmark: _Toc463010511][bookmark: _Toc463010547]High impacts, may imply restrictions or complex interworking between NR and LTE lower layers. Requires dual RX/single TX UEs
	[bookmark: _Toc463010430][bookmark: _Toc463010512][bookmark: _Toc463010548]Should not be supported.

	[bookmark: _Toc463010431][bookmark: _Toc463010513][bookmark: _Toc463010549]DC with restrictions (e.g. single RX and/or single TX)
	[bookmark: _Toc463010432][bookmark: _Toc463010514][bookmark: _Toc463010550]Supports mobility robustness, load balancing / traffic steering
	[bookmark: _Toc463010433][bookmark: _Toc463010515][bookmark: _Toc463010551]On a network level similar to Full DC but with potentially less UE impacts.
	[bookmark: _Toc463010434][bookmark: _Toc463010516][bookmark: _Toc463010552]Further studies are required comparing pros/cons. Important to limit number of UE types.


Table 1 Comparison inter-working mechanisms	

[bookmark: _Toc463010435][bookmark: _Toc463010517][bookmark: _Toc463010553][bookmark: _Toc463010622][bookmark: _Toc463010657][bookmark: _Toc463035987][bookmark: _Toc466070172][bookmark: _Toc471499163]It is proposed to agree on the Table 1.
Conclusion
It is proposed to agree on the following:
Proposal 1	Inter-RAT cell re-selection shall be supported between NR and LTE for idle mode mobility and release with re-direct in order to provide basic service continuity
Proposal 2	Hard handover via EPC/NextGen CN should be supported for VoIP service continuity.
Proposal 3	Hard handover between LTE and NR within NextGen CN/RAN shall be supported. All cases of intra and inter- RAN and CN node shall be supported.
Proposal 4	Full Dual Connectivity(1A/3C) including RRC diversity between LTE and NR shall be supported.
Proposal 5	It is proposed to not support solution based on sending NR L2/L1 signaling over LTE in the UL.
Proposal 6	Multi-connectivity solutions for UEs which do not support full simultaneous TX and/or RX capabilities is 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.
Proposal 7	It is proposed to agree on the Table 1.
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