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1
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 and proposes some principles that we thing shall be adopted. 
2
Scenarios
The scenarios for NR and LTE “cell” layout scenarios were discussed in the RAN2 and agreed at RAN2#94:

1.1)
LTE and NR "cells" are overlaid and co-located providing nearly the same coverage; both are macro or small cells.

1.2)
LTE and NR “cells” are overlaid, and co-located or not co-located providing different coverage; one is a macro cell and the other is a small cell.

From these scenarios it is clear that there will be cases with overlapping NR/LTE coverage as well as non-overlapping coverage. Most likely all of those deployment scenarios will be present in the same network, 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 more flexibly use the NR and LTE resources e.g. by enabling load balance more efficiently. 

Overall this means that LTE/NR capable UEs are expected to perform frequent transitions (e.g. handovers, cell re-selection) in and out of NR.
Observation 1 Frequent transitions between LTE and NR are expected.

3
Benefits of RAN level LTE/NR interworking

According to TR 38.913 [1] tight RAN level interworking of NR and LTE by means of high performing inter-RAT mobility and aggregation of data flows is one of the main requirements. From that mobility between LTE and NR can be expected to be very efficient and it is possible to efficiently support the scenarios discussed in the previous section.
Agreements at RAN2#94 have further detailed the Dual Connectivity part of LTE/NR interworking to be studied:
-
DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture to be used)

-
LTE as master and NR as master will both be studied..

-
Study both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR multi-RAT.

which confirms architectural agreements on E-UTRA Dual Connectivity to be in principle applicable for LTE/NR interworking as well, namely

-
splitting responsibility between a master and a secondary RAN node 

-
DC bearer options (split and SCG bearer option).

Tight interworking solutions can be categorized as follows:

-
DC aggregation or fast UP switching

-
Intra RAN node handover 

-
Inter RAN node handover over an X2 like interface 

Given the requirements captured so far in [1] and [2] it is assumed that all of the solutions above should be supported. 
The alternative to RAN level interworking for LTE-NR 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 all involved entities: 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 (“source adapts to target”). 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 with minimum or even no signalling towards the CN. 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. At the least the requirement for high performing inter-RAT mobility can for sure not be fulfilled by such an approach.

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 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.

4
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 initial 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 this reasons it is plausible to assume that an inactive NR-capable UE with good NR coverage will, depending on the load situation and other parameters, benefit from performing 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 first always needs to access 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.

5
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 a specific RAT first.

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 

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 is first connected to, be able to transition to the other access using RAN level interworking procedures without requiring CN involvement.
Proposal 4: It is proposed to update TR 38.801 as shown below:
<<<<<<<<<<<<<<<<<<<< Begin of Changes >>>>>>>>>>>>>>>>>>>>

6.1.1.1
NR RAN functions
NOTE 1:
The further detail of the functionalities needs further study.

NOTE 2: 
NR RAN refers to a RAN supporting NR. It may only consist of NR (standalone NR operation) or it may consist of NR and LTE (tight interworking) or it may consist of NR, LTE and WLAN (tight interworking). 

Functions similar to E-UTRAN as listed in TS 36.401 [3]
-
Transfer of user data

-
Radio channel ciphering and deciphering

-
Integrity protection

-
Header compression

-
Mobility control functions:

-
Handover

-
Inter-cell interference coordination

-
Connection setup and release

-
Load balancing

-
Distribution function for NAS messages

-
NAS node selection function

-
Synchronization

-
Radio access network sharing

-
Paging 

-
Positioning

Functions specific for NR RAN:

-
Network Slice support

-
This function provides the capability for NR RAN to support network slicing

-
Tight Interworking with LTE

-
This function enables tight interworking between NR and LTE by means of data flow aggregation. This function includes at least dual connectivity. Interworking with LTE is supported for collocated and non-collocated site deployments.

-
Multi-connectivity

-
This function provides means for connectivity between an NR node and multiple NR nodes by means of data flow aggregation.

-
LTE-NR handover through LTE-NR interface

-
This function provides means for LTE-NR handover via the direct interface between an eLTE eNB and a NR BS.

NR RAN may also include other functions:

-
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)

-
This function may be associated with a NR location area management function providing the capability for NR RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with LTE and whether and how it will interact with the NG Core location area management.

-
Direct services support (further study related with D2D, coordinate with RAN1, RAN2)

-
This function provides communication whereby UEs can communicate with each other directly

-  Interworking with non-3GPP systems 
- This function provides interworking between NR and Non-3GPP RAT (e.g. WLAN).



<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

6.3.1.1
RAN-CN interface deployment scenarios

The following scenarios for connectivity between a RAN consisting of evolved LTE (eLTE) and NR and a CN consisting of a 5G CN and an (evolved) EPC should be considered in the discussions on RAN-CN interface definition for the 5G RAN. 


[image: image1.emf]EPC

eLTE eNB

5G CN

NR BS

CP and UP

UP

CP and UP


Figure 6.3.1.1-1: eLTE and NR connected to the EPC. The CP between EPC and NR BS is FFS.
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Figure 6.3.1.1-2: eLTE and NR connected to the 5G CN (Note: In this scenario, eLTE eNB and NR BS can be collocated.).

[image: image3.emf]EPC

eLTE eNB

5G CN

NR BS

CP and UP

CP and UP


Figure 6.3.1.1-3: eLTE connected to the EPC, NR interworking with LTE via inter node interface.
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Figure 6.3.1.1-4: NR connected to the 5G CN, LTE interworking with NR via inter node interface.




<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

7.2.1.2
Inter-RAT handover with LTE
Inter-RAT handover with LTE scenarios as shown in Figure 7.2.1.2-1. 
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Figure 7.2.1.2-1: Inter-RAT handover with LTE scenarios


<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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Scenario 2: inter-RAT handover based on eLTE eNB and 5G CN interface
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