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[bookmark: _Ref298777854]Introduction
Tight RAN level interworking of LTE and NR has been defined as a requirement for the NG RAN architecture in [1]. The TR includes requirements on high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. It is assumed that such solution would allow for high UE throughput, efficient load balancing, resource pooling etc.
In this contribution we discuss some scenarios, characteristics and principles in relation to tight interworking and standalone NR access. It also also points out that NR standalone can also part of the tight interworking solution. Finaly, the contribution proposes some principles that we think shall be adopted. 
Scenarios
The scenarios for NR and LTE deployment are discussed in the RAN2 email discussion “[93bis#23][NR] Deployment scenarios (DOCOMO)”. Below are the scenarios currently captured in the email discussion that most likely will need to be supported:



[bookmark: _MON_1520923895]				
Scenario 1.1:		LTE-NR collocated (variants: LTE micro/NR micro and LTE macro/ NR macro) 


[bookmark: _MON_1521008262]			
Scenario 1.2:		LTE-NR non-collocated, overlapped (variants: LTE macro, NR micro and vice versa)


Scenario 1.3:		LTE-NR non-collocated, non-overlapped (LTE outdoor macro, NR indoor micro)


Scenario 1.4:		LTE-NR collocated, NetNet (LTE macro and micro, NR macro and micro) 

From these scenarios it is clear that there will be cases with overlapping or partially overlapping NR/LTE coverage as well as non-overlapping coverage. Most likely a single network will support both of these cases at the same time e.g. overlapping NR/LTE coverage in high density areas, LTE only coverage in rural areas, indoor NR only coverage scenarios. Furthermore it is expected that the coverage of different frequency bands/technologies can vary also for co-deployment e.g. due to different propagation characteristics, antennas, power. 
In addition to this it is very beneficial if UEs that are NR capable are able to use NR when possible to benefit from improved performance, and to make it possible for the operator to load balance efficiently. 
Overall this means that  LTE/NR capable UEs are expected to perform frequent transitions in and out of NR.

Observation 1: Frequent transitions between LTE and NR are expected
Benefits of RAN level LTE/NR interworking
As indicated earlier it is in the scope of the NR SID to support tight RAN level interworking of NR and LTE. The benefits of this is that the mobility between LTE and NR can be very efficient and it is possible to efficiently support the scenarios discussed in the previous section.
Different levels of tight interworking can be considered, each depending on the scenario and needs. Tight interworking can be seen mainly from two angles: 
· Tight interworking for multi connectivity
· Tight interworking for mobility
Some of the solutions that can be used to address the levels of tight interworking above are as follows:
· DC aggregation or UP switching with common RRC/PDCP anchor
· Intra RAN node handover 
· Inter RAN node handover over an X2 like interface 
· Inactive mode mobility (incl. “tracking area update” like procedures)
Given the requirements captured so far in [1] and [2] it is assumed that all of the solutions above should be supported. 
In the third (and maybe forth) case the mobility is happening between two RAN nodes but this can still be seen as RAN level interworking if the same CN/RAN interface can be maintained, i.e. the inter-RAT mobility is CN transparent.
The alternative to RAN level interworking for mobility purposes is either 
· To support CN level handover or inter-CN level handover similar to how mobility today is supported between 2G/3G/4G. 
· Or to use completely separate RAN/CN instances for LTE and NR and not support handovers at all but instead to trigger a “release with re-direct” at every NR/LTE transitions.
The drawback with CN mobility is that it is a quite complex procedure where the UE context is transferred and “translated” between one RAN/CN instance to the other, which impacts both UE, RAN and CN. Essentially it requires adaptation functions towards the other access both in new and old CN/RAN instance, depending on the handover direction. It also involves quite a lot of signalling between CN and RAN and it limits the possibilities to benefit from RAN level integration e.g. RAN internal handover. The use of CN based mobility to address mobility between NR and LTE appears to go against the principles of signalling minimisation, RAN-CN signalling reduction and NR/LTE tight interworking. For inactive UEs a CN level solution would most likely mean that the UE would need to perform mobility management signalling to the RAN and CN at every transition between LTE and NR in order to update the network of its location. 
The drawback with the “release with re-direct” solution is that it will not have a good performance due to service interruptions, packet losses, access delays, since the UE essentially would need to re-attach at every transitions and it would not be possible to benefit from RAN level integration.
It also appears obvious that an LTE/NR interworking that relies on CN level interworking would not be able to address requirements of multi connectivity and frequency band aggregation from [1].
Observation 2: RAN level interworking for multi-connectivity and mobility between LTE and NR has significant benefits over CN level interworking
Access in NR
It is a requirement that NR should support stand-alone operation. This means that NR will support all necessary functionality to make it possible for the UE to perform intial and subsequent access in NR. Although the detailed solutions in this area are for further discussions in the RAN WGs it is expected that the solution for access in NR will be even more efficient than in LTE. Similarly, it is expected that NR will, depending on the scenario, provide higher throughput and lower latency.
For these reasons it is plausible to assume that an NR-capable UE that is inactive and with good NR coverage will, depending on the load situation and other parameters, benefit from perfoming access directly in NR since it is likely to be faster and since the UE will likely get access to a better data channel.
The alternative of always first accessing via LTE is not a good assumption since it will prevent from shortening access delays and accessing optimized radio channels in cases where those benefits can be provided via direct NR access. Proposals where the UE accesses LTE to be then moved to NR will be subject to additional delay to establish LTE connectivity and then switch on the NR connection. This can be a problem for the numerous short-lived connections, e.g. expected in mMTC, as well as for normal smartphones, where the UE may not have any more data to send by the time the NR connection is established.
Observation 3: It is beneficial that NR capable UEs in NR coverage can directly access NR
Proposals
Given the observations from the previous sections it is clear that LTE/NR mobility will be frequent and that RAN level interworking of LTE and NR is beneficial for performance improvements. Additionally it is clear that the UE should always be able to perform access in the best RAT and not be forced to always access via one RAT.
Putting these principles together leads to the following proposals:
Proposal 1: An NR capable UE in NR coverage shall be able to perform access directly via NR. 
[bookmark: _GoBack]Proposal 2: An NR/LTE capable UE in LTE coverage shall be able to perform access directly via LTE.
Proposal 3: A UE connected to LTE or NR should, regardless of which access it first connected to, be able to transition to the other access using RAN level interworking procedures without requiring CN involvement.
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