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At the SA/RAN plenary before summer, it was agreed that SA2 and RAN WGs should support several different connectivity options or mode of operations incl. Option 
· 2 (stand-alone NR connected to NextGen CN), 
· 3/3a (NR anchored in EPC/LTE), <= will be worked on RAN WGs
· 4/4a (LTE anchored in NR/NextGen CN), 
· 5 (stand-alone LTE connected to NextGen CN), 
· 7/7a (NR anchored in LTE/NexGen CN).
It is our view that these options should not be seen as completely logical architectures, since they do not include mobility interfaces etc. rather they should be seen as different ways a given UE can connect to the system. The logical architecture for supporting all of these scenarios would look something like the figure below.


At the last RAN plenary meeting it was again clarified in [1] that the standard shall support all the options above. There have also been some agreements on accelerating the completion of the NSA version of NR based on Option 3/3a although exact time plane for completion of higher layers is not yet agreed. The motivations for early deployments of NSA NR based option 3/3a could be due to 
· Stand-alone operation of NR is not mature enough in products (UE, Network) at initial NR deployments
· Not all legacy products in the network is upgraded at time when NR is introduced
From a RAN standard point of view when supporting these different options, it is important that the standard support a smooth evolution from early deployments e.g. based on Option 3/3a to later deployments of the other options. This would avoid splitting the standard into multiple non compatible evolution tracks, which could lead to the following drawbacks:
· No smooth migration from early investments to later releases of NR
· Could lead to delayed investment, added costs for introducing new features, supporting legacy devices etc.
· Incompatibility between different standard tracks could lead to
· Lack of global support for new features leading to a smaller device eco-system
· Problems to support roaming subscribers
· More cost in maintaining multiple evolution tracks in standard, testing, products, OAM and network deployments
· Could lead to poorer end-user performance due to less efficient inter-RAT inter-working
For this reasons it is highly beneficial if the standard support mechanism allowing smooth migration between the different options listed above. This paper discusses different solutions on how this can be achieved.
Observation 1: The 3GPP standard should support smooth network/UE migration in order to avoid that multiple incompatible standard tracks are developed. 
Support for Option 3 connected to EPC
The driver for Option 3 is early deployment of Non Stand-Alone NR supported by existing LTE deployments for coverage, mobility, and initial access. In this document, Option 3 refers also to Option 3a (and similarly, Option 7 refers also to 7a and so on). It is expected that this can be supported reusing the concept of Dual Connectivity defined for intra-LTE and between LTE and WLAN. NR will be configured as a SeNB and the UE will at the same time be connected to an LTE MeNB as illustrated in the figure below (agreed in R3-162060). 


To support this option there will be impact on RAN2 protocols, but the impact to S1 and EPC to support this scenario would be small. In fact, for migration purposes including roaming etc. it would be highly beneficial if the impacts to EPC are small enough so that in principle all EPCs can support Option 3 assuming they are connected to a RAN that is NR capable and support Option 3. 
This would mean that early Option 3 capable UEs would be able to connect to most networks even when there are Option 2/4/5/7 capable UEs and networks on the market.
Observation 2: By minimizing the impacts on S1 and EPC for supporting option 3, this increases the likelihood that option 3 capable UEs will be globally supported, which reduces investment risks in option 3 capable UEs.

When introducing option 3 it is important that this still allow a smooth migration to the other options. If this would not be the case, there is a high risk that some operator deploying Option 3 would be stuck with option 3 even when other options are available. This in turn can lead to that multiple tracks of the standard are developed e.g. one based on an evolution of Option 3 and one based on the other options, with all the drawbacks described in previous chapter. How to avoid this is further discussed in next section.
Observation 3: It is essential that the 3GPP standard support smooth migration from option 3 to the other options based on NextGen CN in order to avoid all the problems with supporting multiple incompatible standards track.


Support for Option 2/4/5/7 connected to NextGen CN
A key aspect for the migration between the options above is how different NextGen CN is from EPC. If NextGen CN was identical to EPC, there would not be any migration issues or risks for split standard tracks since the same CN could support all connectivity options for NR capable UEs as well as legacy LTE UEs.
Given the ongoing work in SA2 it is however likely that the NextGen CN will at least have some differences compared to EPC in the area of QoS. It is expected that this will have an impact on the interface to the RAN and UE. Other than the QoS not so many significant differences have been identified so far, rather there seem to be quite a lot of similarity with NG and S1 interfaces according to the table captured in the RAN3 TR 38.801. User plane wise SA2 also assumes that NG interface will support tunnelling as S1.
Observation 4: It is likely that on a high level the NG interface will share many features with the S1 interface but also have some differences mainly in relation to QoS 
In order to support smooth RAN level inter-working (DC and fast mobility) between LTE and NR it is required that LTE and NR is connected to the same CN. For this reason, it is likely that operators deploying stand-alone NR connected to NextGen CN also will deploy option 5/7 by upgrading their LTE eNBs to support NextGen CN. As stated before it is therefore important that the standard support this upgrade in a smooth way to avoid that multiple tracks are developed where not all operator’s upgrade LTE to support NextGen CN. In order to allow smooth upgrade, it is highly beneficial if significant existing LTE functionality can be reused also when connecting to NextGen CN. This could include things like:
· Support for all relevant LTE features introduced since Rel-8 e.g. CA/DC, latency improvement, mobility enhancement etc. 
· Maximum re-use of relevant S1 and NAS functionality when standardizing NG
· Support for NextGen CN in LTE RRC 36.331 meaning common RRC evolution regardless of CN (this is more discussed in R2-166827)
· Alignment of ongoing standardization work for LTE with NR work e.g. support for MTC, V2X, light connected WI, Wi-Fi inter-working, etc. avoiding diverging tracks
The motivation for this alignment is that it should be possible to introduce LTE connectivity to NextGen CN without losing any value LTE features, or leading to worse LTE performance. If the migration step from Option 3 to the other options is too costly for the operators, some operators would prefer to continue to evolve Option 3 type solutions leading to multiple standard tracks being developed. 
Observation 5: It is important that LTE can be evolved to support NextGen CN in a smooth way without losing any relevant features and without leading to worse LTE performance.


Likely migration paths
At the last RAN3 meeting different migration paths was discussion. Some possible observations are that it is it is expected that some operator will initially deploy Option3 while other will focus on directly support NextGen CN options. 
When it comes to support NextGen CN options some operators plan to first upgrade LTE to support NextGen CN (option 5/7) and then later introduce stand-alone NR (option 2) while others are thinking more of parallel deployments of option 2 and 5 (and maybe 4). 
It is technically possible also for operators to only deploy Option 2 (stand-alone NR) e.g. to support very specific scenarios, however the drawback with such deployments is that they would not benefit from tight RAN level inter-working with LTE (e.g. to support load-balancing, mobility robustness, …) and would not benefit from having a common CN evolution for LTE and NR.
Observation 6: It is likely that different operators will have different migration paths, however it is expected that many paths would involve upgrading LTE (e.g. option 3, 5, 7) when deploying NR. For this also supports the need for smooth LTE evolution to support NextGen CN.

Impact on RAN2 to support smooth migration
In order to support smooth migration from option 3 to option 5/7 it is clearly beneficial if the same baseline RAN2 solution can be used for all the options. It is our belief that this can be achieved by evolving LTE RRC 36.331 to support all options. The impacts on RRC would then be:
· Option 3/3a support DC with NR, LTE is MeNB
· Option 5 support Next Gen CN
· Option 7/7a support DC with NR, LTE is MeNB and Next GenCN
This together means that RRC will need to be adapted to support DC with NR and RRC needs to be adapted to support Next Gen CN,
Proposal 1: LTE RRC 36.331 should in Rel-15 be evolved to support DC with NR, LTE is MeNB and to support Next Gen CN (incl. new QoS concept)

Conclusion
The following observations are made:
Observation 1: The 3GPP standard should support smooth network/UE migration in order to avoid that multiple incompatible standard tracks are developed. 
Observation 2: By minimizing the impacts on S1 and EPC for supporting option 3, this increases the likelihood that option 3 capable UEs will be globally supported, which reduces investment risks in option 3 capable UEs.
Observation 3: It is essential that the 3GPP standard support smooth migration from option 3 to the other options based on NextGen CN in order to avoid all the problems with supporting multiple incompatible standards track.
Observation 4: It is likely that on a high level the NG interface will share many features with the S1 interface but also have some differences mainly in relation to QoS 
Observation 5: It is important that LTE can be evolved to support NextGen CN in a smooth way without losing any relevant features and without leading to worse LTE performance.
Observation 6: It is likely that different operators will have different migration paths, however it is expected that many paths would involve upgrading LTE (e.g. option 3, 5, 7) when deploying NR. This also supports the need for smooth LTE evolution to support NextGen CN.

Based on the observations it is proposed that:
Proposal 1: LTE RRC 36.331 should in Rel-15 be evolved to support DC with NR, LTE is MeNB and to support Next Gen CN (i.e. support the NG interface)
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