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[bookmark: _Ref298777854]Introduction
In RAN2#96 following agreements were made:

1	The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
2	For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR

NR needs to fulfil several very challenging requirements, such as on the one hand very high data rates for MBB user cases and on the other hand, ultra-reliability and very low latency for C-MTC use cases. Dual -connectivity is seen as one of the key enablers to meet these demanding requirements of the 5G use cases. However, further improvements are also needed, with respect to LTE Dual Connectivity (DC), to ensure seamless connectivity and robust mobility in addition to higher data rates. 
[bookmark: _Ref471371486]Discussion
In order to be able to provide very high data rates to end users, NR will be designed to operate also in high carrier frequencies where wider spectrum bands are available. Exploiting the high frequencies has an impact on the propagation conditions. The path loss increases with higher frequency and suffers from worsen diffraction and higher outdoor/indoor penetration losses. This means that signals will have less ability to propagate around corners and penetrate walls. In addition, atmospheric/rain attenuation and higher body losses could also contribute to making the coverage of the NR spotty.
In order to compensate for the higher path loss at high frequencies and improve the signal quality, beamforming with massive antennas is needed. However, despite potential link budget gains using massive antennas, reliability of a system purely relying on beamforming and operating in higher frequencies becomes even more challenging, as the coverage might be even more spotty and sensitive to both time and space variations. Thus, the UE may experience sudden drops of SINR or even lose the connection for short time periods. If there is a coverage provided on another NR frequency, the issues mentioned above can be partially addressed by enabling NR dual connectivity. Similarly, LTE-NR interworking can help to alleviate the challenges of high-frequency NR deployments by means of a low-frequency LTE overlay.
[bookmark: _Toc471371402][bookmark: _Toc471371416][bookmark: _Toc471371423][bookmark: _Toc471371430][bookmark: _Toc471371452][bookmark: _Toc471382685][bookmark: _Toc471383510][bookmark: _Toc471401191][bookmark: _Toc471468842][bookmark: _Toc471516617]If there is a coverage provided by a secondary node, NR dual-connectivity can partially resolve the issues caused by the spotty coverage of NR high-frequency nodes.
[bookmark: _Toc471371403][bookmark: _Toc471371417][bookmark: _Toc471371424][bookmark: _Toc471371431][bookmark: _Toc471371453][bookmark: _Toc471382686][bookmark: _Toc471383511][bookmark: _Toc471401192][bookmark: _Toc471468843][bookmark: _Toc471516618]LTE-NR interworking can also help to alleviate the challenges of high-frequency NR deployments by means of a low-frequency LTE overlay.

The UP interruption time is defined as [1]:
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.
This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.
To achieve 0ms UP interruption for intra-frequency mobility, tight synchronization will be required between the nodes to avoid interference and could in those instances be handled by beam management procedures for intra-gNB mobility between different TRPs.
[bookmark: _Toc471382064][bookmark: _Toc471382681][bookmark: _Toc471383505][bookmark: _Toc471400808][bookmark: _Toc471401186][bookmark: _Toc471468846][bookmark: _Toc471515062][bookmark: _Toc471516619]0ms UP interruption for intra-frequency mobility can be achieved with beam management procedures between different TRPs in the same gNB
For inter-frequency mobility, DC could assist in reducing the UP interruption time as discussed in [2]. All intra MeNB mobility can be handled with 0ms interruption by allocating split bearer and adding, modifying and removing SCG. 
[bookmark: _Toc471516620]0ms UP interruption for inter-frequency mobility can be achieved with dual connectivity for intra MeNB mobility
For inter MeNB mobility, a role of the SeNB to MeNB during mobility was suggested to be studied.
Reconfigure MeNB to an SeNB to target the 0 ms UP interruption
In LTE, the only way to reconfigure from an MeNB to an SeNB is to release the SeNB and perform a handover to that eNB. As discussed in [2], this results in an UP interruption while the UE connects to the new eNB.
[bookmark: _Toc471468844][bookmark: _Toc471516621][bookmark: _Toc471371404][bookmark: _Toc471371418][bookmark: _Toc471371425][bookmark: _Toc471371432][bookmark: _Toc471371454][bookmark: _Toc471382687][bookmark: _Toc471383512][bookmark: _Toc471401193]In LTE DC, the procedure for reconfiguring SeNB to MeNB results in a UP interruption while the UE connects to the new eNB. 
For NR, it has been proposed that a role switch from SeNB to MeNB should be possible [3]. However, there are several implications which need to be addressed in order to achieve this.
When a UE is connected with DC, the MeNB uses the security key KeNB while the SeNB uses the S-KeNB which is derived from the KeNB. If the MeNB is changed, the KeNB will be updated and so will the S-KeNB. To ensure the security, the keys are updated every time the UE changes eNB based on the Next Hop Chaining Counter (NCC) provided by the CN. In order to update the security key, the UE has to perform a (potentially contention free) random access to the new eNB to synchronize the usage of the new key. Thus, there will inevitably be an interruption when the key is updated.
[bookmark: _Toc471371405][bookmark: _Toc471371419][bookmark: _Toc471371426][bookmark: _Toc471371433][bookmark: _Toc471371455][bookmark: _Toc471382688][bookmark: _Toc471383513][bookmark: _Toc471401194][bookmark: _Toc471468845][bookmark: _Toc471516622]Updating the KeNB will lead to some interruption during RA. 
To avoid the UP interruption, it should be studied whether the key change would be possible without the random access for the specific case of role change from SeNB to MeNB. Since the UE has a radio link established with the SeNB, UE already has UL sync to the SeNB and a random access is only needed to sync the usage of the encryption keys. Inband solutions could be investigated for synchronizing the use of the encryption keys.
Proposal 1 [bookmark: _Toc471468847][bookmark: _Toc471515063][bookmark: _Toc471516623]RAN2 to study procedure for SeNB to MeNB reconfiguration not involving random access.
SeNB to MeNB reconfiguration for LTE-NR DC
In addition, it is essential to consider the early deployments where there is both LTE and NR coverage. In this case, if a procedure for SeNB to MeNB reconfiguration is agreed for NR dual-connectivity, then it could be also beneficial for certain deployments to enable the same procedure for LTE-NR tight-interworking. 
Proposal 2 [bookmark: _Toc471371411][bookmark: _Toc471371462][bookmark: _Toc471379364][bookmark: _Toc471379390][bookmark: _Toc471382066][bookmark: _Toc471382683][bookmark: _Toc471383508][bookmark: _Toc471400811][bookmark: _Toc471401189][bookmark: _Toc471468848][bookmark: _Toc471515064][bookmark: _Toc471516624]If a procedure for SeNB to MeNB reconfiguration is agreed for NR dual-connectivity, then it could be also beneficial to enable the same procedure for LTE-NR tight-interworking.
Conclusion
In section 2 we made the following observations:
Observation 1	If there is a coverage provided by a secondary node, NR dual-connectivity can partially resolve the issues caused by the spotty coverage of NR high-frequency nodes.
Observation 2	LTE-NR interworking can also help to alleviate the challenges of high-frequency NR deployments by means of a low-frequency LTE overlay.
Observation 3	0ms UP interruption for intra-frequency mobility can be achieved with beam management procedures between different TRPs in the same gNB
Observation 4	0ms UP interruption for inter-frequency mobility can be achieved with dual connectivity for intra MeNB mobility
Observation 5	In LTE DC, the procedure for reconfiguring SeNB to MeNB results in a UP interruption while the UE connects to the new eNB.
Observation 6	Updating the KeNB will lead to some interruption during RA.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to study procedure for SeNB to MeNB reconfiguration not involving random access.
Proposal 2	If a procedure for SeNB to MeNB reconfiguration is agreed for NR dual-connectivity, then it could be also beneficial to enable the same procedure for LTE-NR tight-interworking.
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