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1   Introduction
In RAN2 93bis meeting, the LTE-NR tight interworking was discussed and companies expressed the different view on the design of control plane architectures.
In this contribution, we will continue the discussion on the control plane design of the LTE-NR tight interworking
2   Discussion
2.1   CP architectures
[1] discussed the control plane architecture and gave some analysis on different options, e.g. single RRC/dual RRC, etc.  In Rel-12 small cell enhancement, RAN2 already discussed this aspect for dual connectivity in [2]. 
Similar to what has been discussed for LTE DC, the RAN nodes eNB and so called “NR node” could take roles like “MeNB” and “SeNB”.  For this discussion we call the “MeNB” side as “master RAT” and the other as “secondary RAT”.  In LTE DC, it would mean control plane anchor is only with the master, but for NR we should evaluate if something more flexible is needed.  And we show eNB and NR node connected with a standardised interface called as Xn, details of the interface function to depend on what is needed for the architecture to work.
The principles of dual connectivity for LTE dual connectivity discussion are:

-
There will be only one S1-MME Connection per UE;


-
The SeNB owns its radio resources and is primarily responsible for allocating radio resources of its cells.
-
 In dual connectivity operation, a UE always stays in a single RRC state, i.e., either RRC_CONNECTED or RRC_IDLE.
It is reasonable to reuse above principles for tight interworking.
Proposal 1: adopt following design principles of control plane for the LTE NR tight interworking:

-
There will be only one control Connection to core network per UE;


-
The Secondary RAT owns its radio resources and is primarily responsible for allocating radio resources of its cells.
-
In tight interworking operation, a UE always stays in a single RRC state (FFS on RRC state details).
In this way, similar as dual connectivity [2], two potential control plane architectures for RRC are listed as below:

· Single RRC connection: Only the master RAT generates the content of RRC messages to be sent towards the UE, after the coordination of RRM functions between master RAT and secondary RAT. The UE RRC entity sees all messages coming only from one entity (in the master RAT) and the UE only replies back to that entity.  In this way, control of radio resources also on the secondary RAT uses signalling from the master RAT, there could be coordination between them on network side but it should be hidden from UE perspective.
· Dual RRC connection: master RAT and secondary RAT can generate RRC messages to be sent towards the UE.  There is coordination of RRM functions between master RAT and secondary RAT but each RAT may send those to the UE and the UE replies accordingly.  On the UE side, it considers to have two RRC connections and two RRC protocol entities, one for each RAT.  And reasonably, the NR-RRC would go over the air using NR link, even if NR is not master RAT.  (But the important issue is the two protocol entities with separate anchor points, not which air link would be used.  The air link question is discussed in section 2.2 below.)
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Figure 1: Radio Interface C-plane architecture alternatives for LTE-NR tight interworking
UE complexity and network complexity were main reasons in Rel-12 for RAN2 to select single RRC as [2]:

	-
Complexity in the UE side: C2 is clearly more complex mechanism than C1. The main reasons for complexity of C2 are: 1) separate security needed in the SeNB, 2) routing of UL messages towards the correct node and 3) solution for parallel RRC procedures that are not supported currently. The additional complexity of C2 depends also on L2 architecture selected for user plane.
-
Complexity in the network side: The complexity difference of C1 and C2 from the network point of view is not significant. Most complexity comes from coordination between MeNB and SeNB which could be considered to be similar in C1 and C2.  Locating Security/ PDCP increases complexity of C2. However, the additional complexity due to this depends also on L2 architecture selected for user plane.


The complexity reason listed above for dual connectivity is also applicable for tight interworking. 
In addition, dual RRC connections may have reliability issue. As discussed in [3], the RAT with wide coverage should be used as anchor. For high frequency deployment, the coverage normally is not big. It should be used as secondary RAT accordingly. The radio link would be fragile and conditions could change very quickly, e.g. at millisecond scale. Typical RRC procedures in LTE depend on much better channel stability than this, and even with new RRC designing for NR it can be challenging to complete procedures so fast.  Since the control plane signalling through the air interface of HF secondary RAT transmission may suffer the problem of poor reliability for high frequency. Therefore it should be supported for these cases, that the RRC messages should be transferred via Master RAT RRC.
Considering the DC model and the issues above, similar to LTE DC, we prefer that single RRC connection should be adopted for the control plane architecture of LTE-NR tight interworking.
Proposal 2: Single RRC connection should be adopted for the control plane architecture of the LTE NR tight interworking.
2.2   Transport of RRC message

- Where is the one RRC connection transported over the air
Considering the standalone scenarios, both LTE and NR will have their own RRC. Based on this assumption, there will be two choices for the one RRC protocol that manages the connection, i.e., the LTE RRC or NR RRC. We assume this job always belongs to the master RAT, so if the scenario has LTE master, the single RRC protocol would be LTE RRC, and anchored in the network side at LTE eNB.  Then, the question is if there would be any good case for sending the RRC message over the air using secondary RAT, e.g. as shown in Figure 2.
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Figure 2: Anchor at master and air interface via secondary
Maybe this could be useful if the secondary has wider coverage than the master. However if normally the coverage of secondary is not big, it is difficult to guarantee the reliability. Considering the reliability, addition complexity, and the coverage principle described in section 2.1 above, we prefer:
Proposal 3: The RRC message should be transported on the air interface of the master RAT, no matter LTE or NR.

- How to transport secondary RAT RRC information

As discussed above, the secondary RAT should transfer RRC via master RAT. According to the LTE DC mechanism, the MeNB should comprehend the SeNB configuration, and generate RRCConnectionReconfiguration message. The consequence is that the version of the secondary eNB has to be equal or lower than the Master eNB. 

For tight interworking, if we reuse the same mechanism as DC, it will be really strange that one RAT has to understand the other RAT’s configuration. Normally we should decouple the evolution of different RAT as much as possible in order to allow them to do evolution separately.  That is each RAT should not be dependent on RRC protocol formats/versions of the other.  Especially in case of LTE master, it would be a big burden to have to upgrade each eNB constantly to understand the most current version of NR RRC and related features.  So we propose to use the already field tested approach (handover) of having the inter-RAT configuration information as a container.

Proposal 4: The RRC message of the master RAT should carry the secondary RAT configuration information in a container.
3   Conclusion
In this paper we discuss the control plane design for tight interworking and have following proposals:
Proposal 1: adopt following design principles of control plane for the LTE NR tight interworking:


-
There will be only one control Connection to core network per UE;


-
The Secondary RAT owns its radio resources and is primarily responsible for allocating radio resources of its cells.
-
In tight interworking operation,  a UE always stays in a single RRC state (FFS on RRC state details).
Proposal 2: Single RRC connection should be adopted for the control plane architecture of the LTE NR tight interworking.
Proposal2：It is suggested RAN2 to capture the radio resource management procedure between master RAT and secondary RAT as 5G RRC function, including both LTE master and NR master cases..
Proposal 3: The RRC message should be transported via anchor RAT, no matter LTE or NR.

Proposal 4: The RRC message should carry the inter-RAT configuration information in a container.
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