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1 Introduction 

RAN2 #93bis kicked off the discussion on control plane aspects of tight interworking between NR and LTE. Though there was no agreement achieved, many companies share the view that the DC based LTE/NR tight interworking should be considered in the case of non-ideal backhaul. Furthermore, the majorities also agree that the LTE eNB is not required to understand the RRC signalling/ procedure of NR node. Based on those opinions, we will give a further discussion on the CP architecture with Dual-RRC for the LTE/NR tight interworking in this contribution.
2 CP architecture alternatives
2.1 Definition for Dual RRC
During the SI phase of DC in LTE, different RRC features have been studied in [1] and there are two architecture alternatives for CP as the following and shown in Figure 1.
· Option C1 - Single RRC: Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. 

· Option C2 - Dual RRC: MeNB and SeNB can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB and may send those directly to the UE and the UE replies accordingly. 
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Figure 1: Radio Interface C-plane architecture alternatives for DC
According to the performance evaluation results of the above CP alternatives, Option C2 is better than Option C1 in several aspects such as configuration delay, load of interactions over X2 and synchronization of RRC parameter change, etc. However, due to the complexity in the UE and impact to the specification, RAN2 selected Option C1 as the final CP architecture for DC.

Although the Dual RRC has not been adopted in the DC, the definition of dual RRC can still be reused in the LTE/NR tight interworking, and we give our proposal as:

Proposal 1: The definition of Dual RRC in LTE/NR tight interworking should be:

· Dual RRC: LTE and NR can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between LTE and NR and may send those directly to the UE and the UE replies accordingly.
2.2 CP architecture for Dual-RRC
For the NR, in order to provide high data rates to UEs (e.g. eMBB), the NR will be designed to operate in high frequency band (e.g. 30Ghz or 70Ghz) where wider spectrum bands are available. However, according to the analysis given in [3] and [4], it can be observed that the signal variation at high frequency is faster and larger than conventional LTE frequency and the serving beam SIR may drop by over 20 dB within 5-10ms due to shadowing (e.g. in “around the corner” situation ). If the architecture with single RRC is used, since all the RRC message can only be transmitted/received/generated by LTE, the considerable transmission delay over backhaul (e.g. interface between LTE and NR) will be introduced to delay the overall mobility procedure, and may lead to some unnecessary handover failure and Radio Link failure in NR.
Therefore, in order to accelerate the mobility procedure in NR, the necessary measurement configuration/report and mobility related NR RRC signaling should be allowed to be generated at NR and transmitted between NR and UE directly.

Observation 1: In order to accelerate the mobility procedure in NR, the necessary measurement configuration/report and mobility related NR RRC signaling should be allowed to be generated at NR and transmitted between NR and UE directly.
Based on the observation above, we think the Dual-RRC should be adopted as baseline in the LTE/NR tight interworking.

Proposal 2: The Dual-RRC should be adopted as the baseline in the control plane architecture for LTE/NR tight interworking.

The CP architecture with Dual-RRC for LTE/NR tight interworking is shown in Figure 2. 
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Figure 2 Radio Interface CP architecture for LTE/NR tight interworking

For the NW side, similar to DC, there is an anchor RRC entity in LTE and an assisting NR RRC entity in NR respectively. After NR is added to the UE, the NR RRC can generate the final RRC messages after the necessary coordination for RRM functions between LTE and NR, and those RRC messages can be sent to the UE directly. 
The RRC in LTE is still responsible for master control of the UE, such as inter-RAT/intra-LTE mobility, addition/release NR and transmission of NAS messages, etc. while the RRC in NR is in charge of some NR specific CP functions, e.g. reconfiguration of NR radio resources, measurement configuration and handling of NR and intra-NR mobility, the details need to be confirmed further.
For the UE side, similar as the NW side, there are two RRC entities in UE, one for LTE and the other one for NR accordingly. And the two RRC entities maintain its own configurations and parameters (e.g. Transaction Identifier). The LTE/ NR RRC entity in UE only handle the LTE/NR RRC messages respectively. 
Based on the analysis given above, we give our proposal as follow:
Proposal 3: For the NW side, there will be two independent RRC entities located in LTE MeNB and NR node respectively. And for the UE side, similar as NW side, there will be two independent RRC entities for the LTE and NR as well.

Based on the Dual-RRC discussed above, another question is what kind of RB will be established at the Uu interface between UE and NR for the transmission of RRC messages. In LTE, "Signaling Radio Bearers" (SRBs) are defined as Radio Bearers (RB) that is used only for the transmission of RRC and NAS messages. According to the current specs, three SRBs are defined:

· SRB0 is for RRC messages using the CCCH logical channel;

· SRB1 is for RRC messages (which may include a piggybacked NAS message) as well as for NAS messages prior to the establishment of SRB2, all using DCCH logical channel;

· SRB2 is for RRC messages which include logged measurement information as well as for NAS messages, all using DCCH logical channel. SRB2 has a lower-priority than SRB1 and is always configured by E-UTRAN after security activation.

For the SRB0, whether the SRB0 is needed in NR depends on whether the NR RRC reestablishment in NR will be supported in case the RL failure has been detected in NR branch. Considering the indication for NR RL failure can also be sent on LTE, which is similar as DC, whether the SRB0 is needed in NR can be FFS.

For SRB2, since the NAS message will only be transmitted in LTE, there is no requirement for the transmission of NAS message over NR. For the logged measurement, since the logged measurement refer to the measurement has been recorded in RRC_IDLE state, also considering the NR RRC IDLE state should not be considered in LTE/NR tight interworking, we think the logged measurement for NR can be configured and reported in LTE branch instead of NR branch, and the SRB2 is not needed in NR in the LTE/NR tight interworking. 

Based on the analysis above, in order to support the integrity protection, it proposed that the SRB 1 should be established in NR for the transmission of RRC message.

Proposal 4: The SRB 1 should be established in NR to carrier the NR RRC message.  SRB 2 is not needed and whether SRB 0 is needed can be FFS.

2.3 NR RRC functions required in LTE/NR tight interworking
In the DC based architecture, the LTE acts as “Master eNB”, and all the procedures related to the initial access should be done in LTE system. Moreover, the RRM decision and related measurement / configuration signaling for the NR node addition/release should also be controlled by the LTE MeNB. However, based on the analysis given in section 2.2, once the NR is added for a specific UE, the RRM function related to the intra-NR node (e.g. which will not cause the change of NR node connected to LTE MeNB) mobility and reconfiguration will be determined by the NR RRM instead of LTE MeNB. The functions distributed between LTE and NR is shown in Figure 3.
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Figure 3 Functions distributed between LTE and NR
Besides the functions captured in the figure above, system information should also be considered. However, since most of the system information required in NR can be sent to UE by dedicated signalling, the system information in NR is not required in the LTE/NR tight interworking, except for the MIB which will be used to transfer the timing information (e.g. SFN).

Based on the analysis above, we given the function required for the NR RRC as follow:
Proposal 5: For the LTE based LTE/NR tight interworking, at least, the following control plane functions should be supported in the NR side:
· (Re-)Configuration of NR radio resources;
· NR Measurement related functions;
· Mobility within NR node;
· MIB for timing information;

· Security Management (FFS).

In order to support the EPC based LTE/NR tight interworking, some NR related function should also be introduced in LTE side.

Proposal 6: For the LTE based LTE/NR tight interworking, at least the following new NR related control plane function should be supported in the LTE side:

· NR Measurement ;
· Addition/release/change of the NR node (including forward the RRC container generated by NR RRC to UE);
· Security Management.

2.4 Specification architecture for Dual RRC
In case we adopt the dual-RRC in LTE/NR tight interworking and considering the LTE is not required to understand the NR RRC messages/IEs except for the necessary measurement information, one question is how to arrange the specification to capture the description for NR RRC procedure and the definition for NR RRC messages/IEs. In order to handle this, two alternatives are given as follow:
· Alt.1: Capture the NR RRC procedure and signaling required in the LTE/NR tight interworking in LTE RRC specs (i.e. 36.331).

· Alt.2: Capture the NR RRC procedure and signaling in a separate specification (e.g. NR RRC specification). And the LTE specs can refer to the NR RRC spec if needed.

For the Alt.1, since we will have a separate RRC specs for the standalone NR, and most of the NR RRC messages/IEs will be redundant in both of the specs, which means we have to maintain two set of NR RRC procedures/messages/IEs in both LTE specs and NR specs. Once the signalling or procedure is updated in NR RRC, we have to update the related part in LTE RRC specs accordingly, which may cause unnecessary complexity on the maintenance of LTE RRC specs and may lead to misalignment between the two specs. In order to save the complexity in specification maintenance and avoid the mismatch between the NR procedure and signalling defined the LTE RRC and NR RRC specs, we think it should be avoided to maintain two set of NR procedures/messages/IEs in two separate specs and we propose to take the alt.2 as baseline.

Proposal 7:  Capture the NR RRC procedure and signalling in a separate specification (e.g. NR RRC specification). And the LTE specs can refer to the NR RRC spec if needed.

One example for the alt.2 can be found as follow:

	LTE RRC Spec (i.e. 36.331)

For the description of the NR RRC procedure:

Some general description can be added in LTE RRC specification to specify that, in case the NR RRC IEs/messages are received in the LTE/NR interworking operation, the UE should take the behaviors as specified in NR RRC specification.

……
For the definition of NR RRC IEs.

We don’t need to capture the definitions of NR RRC IEs/message in LTE RRC. 

For the NR RRC container which is necessary in the NR node addition/change, the content of the container should refer to the NR RRC specification.
	NR RRC Spec (i.e. 3x.331)

The NR RRC procedure for both standalone NR and LTE/NR tight interworking should be captured in the NR RRC specification. If the behaviors for standalone NR and LTE/NR tight interworking are different, the behaviors should be specified accordingly.

The definition for NR RRC messages/IEs should be captured in NR RRC specs.  

Common messages/IEs for both standalone NR and LTE/NR tight interworking should be considered as baseline, but some differentiation can also be considered if necessary.


3 Conclusion 

RAN2 is kindly asked to discuss the issues given above and adopt the proposals as follow:

Proposal 1: The definition of Dual RRC in LTE/NR tight interworking should be:

· Dual RRC: LTE and NR can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between LTE and NR and may send those directly to the UE and the UE replies accordingly.
Observation 1: In order to accelerate the mobility procedure in NR, the necessary measurement configuration/report and mobility related NR RRC signaling should be allowed to be generated at NR and transmitted between NR and UE directly.

Proposal 2: The Dual-RRC should be adopted as the baseline in the control plane architecture for LTE/NR tight interworking.
Proposal 3: For the NW side, there will be two independent RRC entities located in LTE MeNB and NR node respectively. And for the UE side, similar as NW side, there will be two independent RRC entities for the LTE and NR as well.
Proposal 4: The SRB 1 should be established in NR to carrier the NR RRC message.  SRB 2 is not needed and whether SRB 0 is needed can be FFS.
Proposal 5: For the LTE based LTE/NR tight interworking, at least, the following control plane functions should be supported in the NR side:
· (Re-)Configuration of NR radio resources;
· NR Measurement related functions;
· Mobility within NR node;
· MIB for timing information;

· Security Management (FFS).

Proposal 6: For the LTE based LTE/NR tight interworking, at least the following new NR related control plane function should be supported in the LTE side:

· NR Measurement ;
· Addition/release/change of the NR node (including forward the RRC container generated by NR RRC to UE);
· Security Management.

Proposal 7:  Capture the NR RRC procedure and signalling in a separate specification (e.g. NR RRC specification). And the LTE specs can refer to the NR RRC spec if needed.
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