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1 Introduction

The study on scenarios and requirements for next generation access - TR 38.913 [1] includes a number of requirements for NR. Latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms. It is further stated that the user plane latency should consider delay for resource allocation, a likelihood of HARQ retransmission and a fronthauling delay of up to 250µs to allow for protocol split across central and remote radio access nodes – except for URLLC for which those may be assumed to be (close to) zero. Latency requirements for the user plane have thus been set as follow:

· URLLC: 0.5ms in the uplink and in the downlink respectively with no specific reliability criteria;

· eMBB: 4ms in the uplink and in the downlink in average (e.g. 6ms UL and 2ms DL is acceptable) as long as the 10ms round trip is achieved;

TR 38.913 further states that interworking using at least dual connectivity between LTE and NR should be supported for collocated and non-collocated site deployments for mobility and aggregation of data flows. Separation of control and user planes should be enabled as well as flexible splitting of L2 processing across central and remote access nodes.

Following RAN2 #93bis where NR was first discussed in RAN2, and email discussion was triggered to discuss and agree on initial deployment scenarios for NR [2].

This contribution further discusses user plane aspects for interworking between NR and LTE using dual connectivity, taking into account the conclusions of this email discussion.
2 Discussion
In the email discussion on deployment scenarios for NR [2], section 2.3 presented the three scenarios for CN connection for LTE and NR tight integration.  The following observations can be made from the proposals related to this section:

Observation 1 Both deployment scenarios of NR tightly integrated into LTE and LTE tightly integrated into NR are to be supported.

Observation 2 A single control plane connection to the MME will be assumed for both scenarios.

Observation 3 The single control plane connection to the core network will be either through the EPC or the NextGen Core.

Based on the observations made from the email discussion, implementing DC for both scenarios of NR+LTE tight integration is further considered.

2.1 NR Tighly integrated into LTE (LTE as the MeNB)

In Rel-12, a DC capable UE can be configured either with MCG bearer and SCG bearer (architecture 1A) or with MCG and split bearer (architecture 3C).  To allow for flexibility in deployments, both architectures were supported for Rel12 LTE.  

Support for architecture 3C has the following benefits:
·  Reduced signalling to CN, since mobility between SeNBs is hidden from the CN
·  Makes use of resources across both MeNB and SeNB for the same bearer and adjusts to link issues without bearer reconfiguration
·  Mobility requirements on SeNB can be relaxed as the MeNB can be used while an SeNB change takes place 

To take advantage of the same benefits, architecture 3C should be supported for LTE + NR tight interworking.  There are, however, some limitations in trying to support the new NR requirements using architecture 3C alone.  In architecture 3C data all NR data has to be routed and processed by the LTE eNB. For the eMBB use case, routing and processing over LTE may become the bottleneck as the LTE system has not been provisioned to deal with the new expected high data rates.  
Furthermore, for the URLLC use case, the latency incurred to transfer data from one node to the other over a non-ideal backhaul would not be acceptable.  In addition, local breakout, which may be essential for realizing URLLC requirements, can also not be supported by architecture 3C. 
Therefore, to support high bit rates and meet the stringent latency requirement, it would be necessary to support a direct user plane connection from NR to the core network (i.e. architecture 1A) for the tight interworking.  
Proposal 1 NR Tightly integrated into LTE should support both architectures 3C and 1A 
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Figure 1 – NR Integrated into LTE: Option 1
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The figures above show two architectural options for supporting architecture 1A and 3C in the case of NR tightly integrated into LTE.  
For architecture 3C, the bearer should be split at the PDCP in the LTE eNB as in Rel12 DC.  This allows minimization of the changes to the LTE protocol stack.  On the NR side, the NR could use the existing LTE RLC with an NR MAC/PHY, as shown in figure 1.  Alternatively, a full NR L2 stack could be used, with potentially some build in adaptation in the L2 NR to allow it to handle PDCP packets from the LTE protocol stack.

For architecture 1A, the preferred option would be to have the full NR L2 protocol stack for the NR bearer (as in figure 2) in order to support all of the NR-related use cases. However, this would require full development of the NR protocol stack and potentially delay deployments of tight interworking.   

Another option that would enable earlier initial deployments for the interworking case, is to use the existing LTE PDCP and RLC with the NR MAC/PHY as shown in figure 1.  This option for example would allow re-use of LTE PDCP security without having to wait for the full NR design.  
To have full support of NR requirements, option 2 will likely be the long-term architecture to be used for the protocol design for NR integrated into LTE.  If option 1 needs to be supported as an intermediate step towards option 2, design of the NR protocols need to be performed incrementally to ensure reuse of option 1- related design when designing option 2.   

Proposal 2 Impacts to the LTE UP protocols and their procedures should be minimized when supporting NR tightly integrated into LTE.

Proposal 3 NR Tightly integrated into LTE should support a UP protocol architecture based on at least Option 2.
2.2 LTE Tighly integrated into NR (NR as the MeNB)
For the deployment scenario of LTE tightly integrated into NR, the CP connection will be through the NR, and the NR will therefore act as the master node.  It is therefore suspected that such a scenario will be enabled only after mature development of NR (including RRC as well as the full NR user plane stack).  
Observation 4 The scenario of LTE integrated into NR will be deployed in later stages when the NR protocol stack is mature.

In this case, use of architecture 1A should be possible with no impact to the LTE protocol stack and little effort to design NR protocols and procedures be compatible with existing LTE.  The NR bearer path would leverage the entire NR UP protocol stack, while the LTE bearer would leverage the existing LTE protocol stack.  
Proposal 4 LTE Tightly integrated into NR should support at least architecture 1A.

In order to support architecture 3C, a split bearer anchored in NR would need to be defined.  For DC, the analysis that led to the selection of architecture 3C was based on the functionality of each layer and impact of splitting the bearer at that layer.  Therefore, it would be too early to decide the feasibility of the split and where the split would be done for this case, without fully understanding the functionality of each layer in NR.  Furthermore, the split would have to consider that the existing LTE protocols can be used with minimum (or no) impact to LTE protocol stack.  The design of the split bearer can be further evaluated when the L2 functions have been defined and placed into layers in RAN2.  At that time, the extent of these enhancements should be weighed against the impact of not supporting architecture 3C for the case of LTE tightly integrated into NR.
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Proposal 5 For LTE Tightly integrated into NR, more progress on the design of the NR L2 protocols is required before deciding on whether or not to support a split-bearer.
3 Conclusion

In this contribution the following observations we made related to tight integration of LTE and NR:
Observation 5 Both deployment scenarios of NR tightly integrated into LTE and LTE tightly integrated into NR are to be supported.

Observation 6 A single control plane connection to the MME will be assumed for both scenarios.

Observation 7 The single control plane connection to the core network will be either through the EPC or the NextGen Core.

Observation 8 The scenario of LTE integrated into NR will be deployed in later stages when the NR protocol stack is mature.

As a result of the above observations the following proposals were made:

Proposal 6 NR Tightly integrated into LTE should support both architectures 3C and 1A 

Proposal 7 Impacts to the LTE UP protocols and their procedures should be minimized when supporting NR tightly integrated into LTE.

Proposal 8 NR Tightly integrated into LTE should support a UP protocol architecture based on at least Option 2.

Proposal 9 LTE Tightly integrated into NR should support at least architecture 1A.

Proposal 10  For LTE Tightly integrated into NR, more progress on the design of the NR L2 protocols is required before deciding on whether or not to support a split-bearer.
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