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1 Introduction

In this paper we discuss how to handle the specifications for LTE and NR now when NR should be introduced. And it is also discussed which RRC spec the UE "runs" when doing LTE-NR Dual Connectivity.
2 Discussion
It should be supported that LTE is connected to the Next Gen Core. However it is still not clear exactly what is the difference between EPC and Next Gen CN we assume there may be some impact on RRC to support a potentially new NAS protocol, flow based QoS, etc. We expect however that these differences will be relatively small for RRC, and that it makes sense to further evolve LTE RRC 36.331 to support NextGen CN rather than starting a new RRC especially given that both legacy and new UE NextGen capable UEs will be supported on same LTE carriers. 
Proposal 1 It should be possible to "run" 36.331 while being connected to Next Gen CN, hence some updating may be needed to 36.331.

Regarding which RRC specification to use for NR, RAN2 has two options; either update 36.331 to work with NR or create a new RRC specification for NR. While many details are still under discussion, we assume there may be big changes to NR compared to LTE, which would affect RRC, for example:

· MIB and SIB1 are sent with 40 and 80 ms periodicities respectively and are provided in a cell for that cell;

· Measurements are performed on cells, not beams;
· Security is tied to cells and moving between then requires updated keys, which may no longer be the case for NR. 
Again, the above are a few examples where NR may differ from LTE. While many things are FFS, we see it very likely that from RRC point of view NR will be different enough from LTE justifying a new NR-RRC specification (i.e. a new document 38.331).
This new NR-RRC spec should be applied for stand-alone NR operation but also used for configuring an NR-SCG, even for the scenario where LTE is the MCG and the UE is connected via EPC.

Proposal 2 A new specification is created for NR-RRC which is used for:

· NR stand-alone operation (using NextGen Core)

· configuring an NR-SCG for a UE with an LTE-MCG (regardless of which CN is used)

2.1 RAN2 spec impact of different options
It ash been agreed that SA2 and RAN WGs should consider several different connectivity options or modes of operations: 

· 2 (stand-alone NR connected to NextGen CN), 
· 3 (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).
Below we look at high level impacts on RAN2 specs for these different options:
Option 5 - Stand-alone LTE with EPC
For this to work 36.331 needs updating to the new functionality needed to support an LTE UE connecting to NextGen CN. While details are not clear now there may be things such as flow-based QoS, etc. which are different in NextGen CN which may impact the LTE protocols.
Option 3 - LTE-anchored DC with EPC 
The main RAN2 impact to support this scenarios is to define NR RLC, MAC, PHY and then to define in NR-RRC how to configure these layers. In NR-RRC there would be a message similar to SCG-Config in 36.331 which is used to configure NR-RLC, NR-MAC and NR-PHY.

36.331 may also need to be enhanced to support measurement reporting for NR, support including the SCG-Config received from the NR eNB and some S-RLF for NR.
Option 7/7a - LTE-anchored DC with NextGen Core

On top of the above, to support LTE anchored DC with NextGen Core the 36.331 (as well as other RAN2-protocols) may need some updating. What the changes are depends on what is the difference between EPC and NextGen Core but it is not clear yet what will be different. Most likely the impacts to LTE RRC to support this options is the same as option 3 and 5.
Option 2 - NR stand-alone with NextGen Core

To support stand-alone NR in addition to the above, RAN2 needs to define NR-PDCP but as indicated above we assume this to be straightforward since it would likely be very similar to LTE-PDCP.

Further, things such as initial access, access control (barring), system information provisioning, RRM measurements and mobility handling, etc. would need to be introduced in NR-RRC.
Option 4/4a - NR-anchored DC

To support NR anchored DC, we would need to make sure NR-RRC supports configuration of an LTE-SCG. 
Of course, alternative to supporting this is to only support LTE-anchored DC since very fast mobility between LTE and NR is targeted and it would be possible to do a (quick) handover to LTE and then initiate LTE-anchored DC and it may even be possible to do this (handover and DC-setup) in the same RRC message. 

The benefit of relying on HO to LTE is that we avoid having two solutions for doing LTE-NR Dual Connectivity (i.e. one in LTE-RRC and one in NR-RRC) and hence we have fewer solutions to maintain.
2.1.1 Which RRC to use for NR-LTE Dual Connectivity
As discussed above there are several options to be considered. Below we discuss (considering all scenarios) which RRC specification the UE follows in different scenarios.
We assume that a UE which is doing "single-connectivity" applies the RRC specification associated with the RAT the UE is connected with. I.e. if an UE is connected/connecting to NR the UE applies the procedures in NR-RRC and if the UE is connected to LTE the UE applies the procedures in 36.331, i.e. such as procedures for initial access, paging, access control, mobility, etc.
In Dual Connectivity, the eNB to which the UE performed handover to, or initial access to, is considered the MeNB for the UE, and an SeNB can be added in addition to the MeNB. In LTE the MeNB and SeNB are of the same RAT, while in 5G they may be of different RATs and would therefore apply different specifications. But we assume the same principle is applied also in 5G, i.e. that the eNB to which the UE performed handover to or initial access to, is the eNB which is considered the MCG, and an SCG of another RAT may be added in addition to that.
A UE which is having an LTE MCG naturally would "run" the LTE-RRC specification (36.331) and apply the procedures in this specification. Adding an NR-eNB as SeNB simply adds another cell group but we assume the UE still applies the procedures in 36.331. For example, the UE would do RRM measurements, perform RLM, apply system information, apply IDC, etc., as defined in 36.331. If an NR-SCG is added the UE adds some NR-RLC entities, and an NR-MAC entity to communicate with the NR-SCG.

Proposal 3 A UE having an LTE eNB as MCG follows the procedures in 36.331.

Vice versa, if a UE initiates connection to an NR eNB or is handed over to NR eNB, the UE would "run" the NR-RRC specification since the MCG would then be MCG and apply the procedures defined in that specification. And if an LTE-eNB is added as SeNB the UE would establish LTE-RLC entities and an LTE-MAC entity to communicate with the LTE-eNB.
Proposal 4 If supported, a UE having an NR eNB as MCG follows the procedures in NR-RRC.
Following from the above, if an MCG-change or handover is performed from NR to LTE, the UE would switch from applying NR-RRC to apply 36.331, and vice versa.
Proposal 5 If supported, at MCG-change or handover between LTE and NR, the UE switches which RRC is applied (i.e. changing from following procedures in 36.331 to the procedures in NR-RRC and vice versa).
2.1.2 Model for (re)configuration of SCG parameters for LTE-NR Dual Connectivity
For the NR-eNB to configure an SCG we assume the DC-approach will be applies, i.e. the following steps will happen (of course this is just a model):

1. NR eNB creates the SCG-config which will be used to configure NR-lower layers in the UE

2. NR eNB forwards the SCG-config to the LTE eNB over X2

3. LTE eNB creates the final RRC message  (RRCConnectionReconfiguration) which includes the SCG-config

4. LTE eNB sends the final RRC message to the UE

5. LTE RRC engine in the UE parses any potential LTE-parameters and extracts the SCG-config containing the SCG-config for the NR lower layers

6. LTE RRC engine forwards the SCG-config to the NR RRC engine

7. NR RRC engine parses the SCG-config

After this, the NR RRC parser would respond to the LTE RRC engine whether the configuration was successful or not. And based on this (as well as on whether the LTE parameters was successful) the LTE RRC engine sends an RRCConnectionReconfigurationComplete to the LTE eNB, or re-establishment if there is a failure.
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Proposal 6 RAN2 to adopt the above model for (re)configuration of an SCG of the "other" RAT when doing NR-LTE Dual Connectivity.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
It should be possible to "run" 36.331 while being connected to Next Gen CN, hence some updating may be needed to 36.331.
Proposal 2
A new specification is created for NR-RRC which is used for:


NR stand-alone operation (using NextGen Core)


configuring an NR-SCG for a UE with an LTE-MCG (regardless of which CN is used)
Proposal 3
A UE having an LTE eNB as MCG follows the procedures in 36.331.
Proposal 4
If supported, a UE having an NR eNB as MCG follows the procedures in NR-RRC.
Proposal 5
If supported, at MCG-change or handover between LTE and NR, the UE switches which RRC is applied (i.e. changing from following procedures in 36.331 to the procedures in NR-RRC and vice versa).
Proposal 6
RAN2 to adopt the above model for (re)configuration of an SCG of the "other" RAT when doing NR-LTE Dual Connectivity.
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