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1 Introduction

In RAN2#94 [1], the following agreements were made related to tight integration of LTE and NR:

	- DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture)

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

- The CA based LTE-NR aggregation will not be studied as part of the study item

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


In addition, the following agreements were made in relation to the CN connection for LTE-NR aggregation:

	The following scenarios in terms of CN connection for LTE-NR aggregation are captured in the TR.

1) NR tightly integrated in LTE via EPC (U-plane data is split at CN or RAN).

2) LTE tightly integrated in NR via New CN (U-plane data is split at CN or RAN).

3) NR tightly integrated in LTE via New CN (U-plane data is split at CN or RAN).


This contribution discusses user plane protocol architecture options for NR+LTE with the DC approach.
2 NR-Specific Aspects to Consider in DC Architecture

A number of different architectures for DC were studied as part of the small cells study item in Rel12 [2]. The benefits and drawbacks of each architecture considered are therefore well documented in the context of LTE-only dual connectivity. Architectures 1A and 3C were then chosen for LTE DC as a result of this study.  

For LTE+NR interworking using principles of dual connectivity, at least two additional aspects should be consider which were not applicable to the LTE R12 study (other than NR being a different radio access):

1) Connectivity towards Different Core Networks
The following deployment scenarios were agreed to be studied for LTE and NR [4]:
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As showed above, tight integration of NR with LTE is expected to support both types of connections towards the core network (EPC and NextGen Core). The possible impacts of this should therefore be considered. 

2) Mobility Between Different RATs

In LTE DC, only same RAT mobility is supported seamlessly. For LTE+NR interworking, it can be expected that the system will support lossless service continuity for reconfiguration events (with or without mobility) between LTE and NR, including change of SeNB (or SCG). The following mobility scenarios should be considered in addition to the same RAT mobility scenarios e.g. for the reconfiguration of a given bearer:

a) NR SeNB -> LTE SeNB;
b) LTE SeNB -> NR SeNB;
c) NR SeNB -> NR SeNB.
It may indeed be beneficial to support such mobility events to allow existing LTE footprint and during early deployments of NR.
Proposal 1:
The LTE+NR architecture should consider efficient support for inter-RAT SCG change.  

Based on the above aspects, it may be relevant to reconsider whether or not the selection of architectures 1A and 3C are equally well-suited for LTE+NR Interworking as it is for LTE DC.
In particular, the selection of architecture 1A and 3C may introduce collateral impacts on other aspects of the protocol design for NR as well as on the existing LTE protocols.

In general, support for LTE+NR interworking should imply the minimum possible impacts to the existing protocols. It should also preserve protocol independence between both technologies such that both can continue to evolve separately. Finally, care should be taken to minimize the amount of specification efforts.

Observation 1:
The bearer design in support of LTE+NR interworking should preserve LTE and NR protocol independence as much as possible.
3 Bearer Modelling for LTE+NR Interworking

3.1 LTE+NR Interworking using 1A and 3C modelling
This section discusses architecture modelling 1A and 3C for LTE+NR interworking using LTE as the MeNB. Unless stated otherwise, similar conclusions can be reached if using NR as MeNB.
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The figures above show two architectural options for supporting architecture 1A and 3C for LTE+NR.  
For architecture 1A, one option is to have the NR L2 protocol stack for the NR bearer (as in figure 2) to support all NR use cases. Another option is to use the existing LTE PDCP and RLC with the NR MAC/PHY (as in figure 1); this could possibly enable earlier initial deployments for LTE+NR interworking.  
Both options for architecture 1A support NR-specific use cases (e.g. URLLC, eMBB), as related user plane traffic is never routed via the LTE MeNB thus avoiding any possible bottleneck thereof (in throughput, processing and/or latency). Architecture 1A can be at least supported in deployment scenario 2 and 3, but it remains FFS if it can be supported with deployment scenario 1 without changes to EPC.
Proposal 2:
Architecture 1A is supported as one possible DC user plane architecture.  

For architecture 3C, in LTE R12 DC the splitting of the bearer is under PDCP in the LTE eNB. In one option, NR could reuse the existing LTE RLC supported by a NR-specific MAC entity (as in figure 1). In another option, the NR L2 protocol (e.g. NR lower lower) could be used but would likely require some adaptation to handle LTE PDCP PDUs (as in figure 2).

Option 2 may be better suited in the long term to meet all requirements of the different services supported by NR. One possible drawback of option 2 is the adaptation layer itself, which accounts for any differences between the NR and LTE protocols. In particular, the NR RLC would have to support the same services as the LTE RLC (e.g. TM/AM/UM, duplicate detection/discard, in-order delivery) to minimize impacts to the LTE PDCP specifications, or would impose the reuse of existing LTE protocols in NR mainly based on the need to support LTE+NR interworking rather than based on meeting the service requirements for NR. This is because architecture 3C implies a direct interaction between RLC and PDCP, as was noted in [1]. 
It is indeed possible to reuse the LTE protocols almost as-is for the NR L2 protocols. For example, if NR-Upper L2 simply corresponds to PDCP and NR-Lower L2 provides the same services to the upper layer as LTE RLC, then the adaptation layer is not required. However, before drawing such conclusions, it may be more sound to first design the standalone NR L2 protocols with the primary goal of meeting NR service requirements and support for the NR PHY and, when possible re-use as much of LTE as possibly while meeting such goals.
Observation 2:
For Option 2, an adaptation layer for Architecture 3C would support any differences between services normally provided by LTE RLC and those provided by NR-Lower L2.
3.2 LTE+NR Interworking using other bearer modelling
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The figures above show two architectural options for supporting architecture 3A and 2A for LTE+NR, which should be reconsidered as potential candidates to support split bearers and SCG-only bearers.

Both architectures are characterized by separate, independent PDCP entities as studied in [1] and most likely would minimize any possible changes to LTE specifications. Furthermore, they seem to best preserve protocol independence between LTE and NR.
Observation 3:
DC architectures 2A and 3A can better support LTE and NR protocol separation.
Both architectures have the further benefit that SeNB mobility is not visible to the CN. This may be considerable if one objective of LTE+NR interworking is to support seamless inter-RAT mobility.
3.2.1 Architecture 3A

Architecture 3A is a suitable alternative to architecture 3C for the split bearer. 
Architecture 3C has the advantage that the backhaul will carry compressed IP packets (rather than IP, in the case of 3A). However, how relevant an advantage this may be is unclear given that the backhaul connection is expected to support the higher rates of NR and its supported services to benefit from the LTE-NR integration. Architecture 3C also has the advantage that it requires only 1 PDCP entity per split bearer. However, this advantage may not be compelling as differences are introduced between NR PDCP and LTE PDCP. 
However, architecture 3C has the disadvantage that it requires additional NR specification efforts for the adaptation as mentioned in section 2.2.
Architecture 3A would possibly require a new reordering function above PDCP for packets that may arrive out-of-sequence from separate MCG and SCG legs, which may result in some small additional specification efforts. Minimally, such impact could consist of disabling any PDCP reordering assuming that some form of sequence numbering synchronization may be supported and conveyed to the NR side. However, no further protocol impacts would be foreseen with architecture 3A.

Therefore, it may be worthwhile to consider architecture 3A in the study of the bearer architecture for LTE+NR interworking and consequently the following is proposed:
Proposal 3:
Study further the support of architecture 3A for LTE+NR bearers.  

3.2.2 Architecture 2A 

Architecture 2A is very similar to architecture 1A with the exception that user plane data is routed through the MeNB. Given support for architecture 1A for SCG-only bearers, support for architecture 2A may be useful mainly for deployment scenario 1. Specifically for deployments with a LTE MeNB, support for architecture 2A may be relevant if a direct user plane connection between the NR SeNB node and the EPC is not supported.

Observation 4:
If following further SA2 progress on CN-RAN connectivity, the connection between NR SeNB and EPC is not supported, then support for architecture 2A may be applicable.
Proposal 4:
Study further the support of architecture 2A for LTE+NR bearers, at least for deployments with LTE as the MeNB.  

4 Conclusion

In this contribution the following observations we made related to tight integration of LTE and NR:
Observation 1:
The bearer design in support of LTE+NR interworking should preserve LTE and NR protocol independence as much as possible.
Observation 2:
For Option 2, an adaptation layer for Architecture 3C would support any differences between services normally provided by LTE RLC and those provided by NR-Lower L2.
Observation 3:
DC architectures 2A and 3A can better support LTE and NR protocol separation.
Observation 4:
If following further SA2 progress on CN-RAN connectivity, the connection between NR SeNB and EPC is not supported, then support for architecture 2A may be applicable.
As a result of the above observations the following proposals were made:

Proposal 1:
The LTE+NR architecture should consider efficient support for inter-RAT SCG change.  

Proposal 2:
Architecture 1A is supported as one possible DC user plane architecture.  .  

Proposal 3:
Study further the support of architecture 3A for LTE+NR bearers.  

Proposal 4:
Study further the support of architecture 2A for LTE+NR bearers, at least for deployments with LTE as the MeNB.  
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