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1	Introduction
In the RAN2#95bis, the following agreements were made allowing the possibility of a secondary node to format NR RRC PDUs for the UE configuration:
Agreements:
1. Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network
2. Allow gNB to format NR RRC PDUs for the UE configuration.

The focus of this discussion paper is to reiterate the requirement of allowing full (and final) NR RRC PDUs to be transacted between the secondary node and the UE as well as discuss the issues and solutions which allow this mechanism.
2	Definition on UE capability categories
The three deployment scenarios that have been agreed to be studied as part of LTE-NR tight interworking are shown in Figure 1 below. These scenarios correspond to the non-standalone scenarios captured in RP-161266 [1] as scenarios 3, 4 and 7 respectively:

 
Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)
We use the following definitions for UE capability categories for the rest of the discussion. Broadly speaking, the UE capability may be considered to fall into the following groups:
Type I: Capabilities pertaining to a given RAT (e.g. LTE, NR or any other RAT specific capability like support of an LTE feature)
Type II: Hard or semi-statically shared capabilities between LTE and NR (i.e. change requires RRC configuration or is fixed - possible examples are RF band combinations, HARQ soft buffer split)
Type III: Dynamic capabilities shared between LTE and NR (i.e. change does not require RRC configuration - possible example is UL transmission power split between LTE and NR)
Note: Some capabilities may belong to Type I or B depending on the band of operation.
We will call configurations related to each of the capability types as e.g. “Type I configuration” in the rest of the document, and observe the following for the UE configuration related to capabilities of each type:
· Type I configuration does not need any coordination between the RATs – the parameters are only relevant to the corresponding RAT (and are not related to tight interworking). Furthermore, each RAT may change a parameter belonging to this type without exceeding the UE capabilities. 
· Type II configuration may require some coordination between RATs since each RAT’s configuration may depend on the chosen configuration of the other RAT. Therefore, a change in Type II parameter requires a reconfiguration negotiation over Xx and in addition it may require a RRC reconfiguration of the UE. These UE capabilities are either hard or semi-statically split (e.g. RF band combinations and HARQ buffer sharing between LTE and NR).
· Type III capabilities are possible to be dynamically split (e.g. UL Tx power). A Type III configuration will require coordination on the fly between the master and secondary nodes dynamically without a reconfiguration. Some limits may be imposed by initial configuration and the nodes could operate between those limits without further coordination.
Observation 1: LTE does not need to be aware of changes to Type I NR configuration and NR does not need to be aware of changes to Type I LTE configuration. 
3	Direct signalling of  SCG configuration from SgNB to the UE
3.1	Motivation


Figure 2: Scenario 3 tight interworking between LTE and NR
In this section we motivate the need for allowing direct signalling of the SCG  configuration between the SgNB and the UE. In Figure 2, we make a few assumptions (which do not violate any previous agreements made on tight interworking):
· The MeNB and SgNB can indendently decide on the Type I LTE and NR configurations
· There is a single RRC state machine in the UE (based on the master) and network has two RRC entities that can generate ASN.1.
· Both network entities are capable of generating ASN.1 related to their own operation (i.e. M-RRC for LTE and S-RRC for NR).
· NR RRC in the SgNB is capable of formatting NR RRC PDU(s) that UE can process directly (i.e. without any processing from LTE RRC).
It can immediately be seen from Figure 2, that any change in the Type I NR configuration may be triggered by the NR RRC by formatting a NR RRC PDU and transmitting it towards the UE. Since this RRC PDU does not concern LTE configuration, it makes no difference whether the final RRC message is transmitted towards the UE using a direct interface or via the LTE MeNB. However, there is always the additional X2 latency of two transactions in case LTE is used to route the signalling messages in this manner. In addition, there is unnecessary load on the LTE MeNB RRC entity to additionally receive and decode the Xx messages containing the NR RRC PDU, encoding the NR RRC PDU within an LTE RRC message and sending it to the UE. The main takeaway from this argument is that the LTE RRC does not always have to be involved, and it may appear that LTE RRC cannot be involved e.g. if  LTE is unaware of some Type I NR capabilities. 
Observation 2: Changes to (at least the Type I) NR configuration can be done with  direct SgNB RRC signalling.
Further,  having a direct signalling path between the SgNB and the UE is beneficial to allow signalling transactions to exploit the lower latency of the NR interface. In addition, intra SgNB mobility procedures causing no changes to MeNB may be executed with lower latency. One other example is the tuning of beamforming measurements which may benefit from the lower configuration latency.
Observation 3: Direct SgNB RRC signalling has latency benefits over indirect MeNB RRC signalling.
The lower latency benefit is the same for Type I, Type II, Type III reconfigurations, but for configurations involving Type II/C, some coordination between MeNB and SgNB is needed. Some changes yet may happen according to the already agreed capability limits without re-negotiation.  
Observation 3b. LTE does not need to be aware of all changes to Type II/C NR configurations and NR does not need to be aware of all changes to Type II/C LTE configuration. 
For the reasons addressed above, when direct signalling is used, at least in some procedure responses  the MeNB should be made aware of the success or failure of the direct signalling. 
Observation 4: From an overall procedural point of view, the master node may need to  be made aware of the  success or failure response of the direct SgNB signalling, when applicable and when useful. (This can be expected to be specified as part of the procedure in the WI phase.)
3.2	Mechanism of the direct SgNB signalling


Figure 3: Logical model of RRC configuration routing with MeNB (eNB) and NR gNB
Figure 3 describes an example  of RRC configuration exchange for three different signalling formats, and  it is assumed that SRB resources are configured from both the eNB and gNB between the network and the UE:
Format 1: Sent from the eNB to the UE, containing only LTE specific configuration. Baseline for LTE-only operation.
Format 2: Sent from the gNB to the UE, containing NR only configurations.
Format 3: Sent from eNB to the UE, containing both LTE and NR configurations (i.e. NR RRC PDU from SgNB is routed via the MeNB to the UE).
Obviously, format 1 and format 3 correspond to existing LTE model (format 1 to normal LTE and format 3 to LTE DC), and SRB format 2 corresponds to the direct signalling. However, there are some design considerations for this to consider, which we do in the following section:
· How is security handled?
· How does signalling diversity work?
· What kind of failure handling is needed?
· How does UE identify the message to be only relevant for NR?
3.3	Specifying direct SgNB signalling
We consider the issues in supporting the direct signalling between SgNB and the UE more below in the context of a generic signalling framework:
· The PDCP would be part of the UE SRB configuration, and would be decided by SgNB. The set of SRBs between the SgNB and the UE is configured during the initial configuration (i.e. “SgNB addition” procedure).  These SRBs may also be used to support signalling diversity. 
· The SgNB SRBs failure are reported in the same manner as the data radio bearers; E.g. the UE could report the SGC radio link failure (S-RLF) to the MeNB for added reliability.
· Security is needed for the RRC messages between the SgNB and the UE
· As with LTE, the RRC messages are ciphered and integrity protected. The same should apply for any messages sent directly from SgNB to UE.
· When the PDCP entity at the SgNB is configured, the direct signalling messages could be protected (ciphered and integrity protected)  by the SgNB security keys (e.g. similarly as with SCG bearers for LTE DC).
· For SRB messages sent with RRC diversity (e.g. LTE RRC messages can be sent over LTE, NR or both), the PDCP entity at the SgNB would only be configured at MeNB,  and the direct signalling messages could be protected by the master node keying material.
· The RRC transaction identifier needs to be set for each RRC message
· The transaction identifier of RRC message could be specific to the RRC entity (i.e. LTE or NR). This indicator would be used at the UE side for book-keeping or for routing to processing module.
· Failure handling of direct signalling message needs to be specified
· A NR RRC ASN.1 failure would follow similar procedures as with LTE, and could cause e.g. SCG failure.
· The transaction identifier of the RRC configuration can be used to indicate configuration failures at the UE to the MeNB and SgNB.
· Elimination of race conditions should be ensured: UE would only process one RRC message at a time
· The possibility of race conditions at the UE due to conflicting messages is minimal due to the assumption that the direct signalling will only modify the configuration involving localized capabilities e.g. “Type I” or other cases where there the nodes are already coordinated as mentioned earlier. 
· It is also trivial to handle the case where the NR SgNB updates the NR configuration while the MeNB triggers a release of the LTE-NR at the same time – at the end, the UE will simply have released the NR configuration.
Observation 5: The design issues of the direct signalling from SgNB can be solved by simple extensions to the tight interworking signalling framework.
4	Conclusion
In this discussion paper, the RRC aspects and motivations for allowing direct signalling path from the secondary node to the UE have been addressed. The discussion by motivating the requirement and some key observations are made in this regard. These are listed here once again:
Observation 1: LTE does not need to be aware of changes to Type I NR configuration and NR does not need to be aware of changes to Type I LTE configuration.
Observation 2: Changes to (at least the Type I) NR configuration can be done with  direct SgNB RRC signalling.
Observation 3: Direct SgNB RRC signalling has latency benefits over indirect MeNB RRC signalling.
Observation 3b. LTE does not need to be aware of all changes to Type II/C NR configurations and NR does not need to be aware of all changes to Type II/C LTE configuration. 
Observation 4: From an overall procedural point of view, the master node may need to  be made aware of the  success or failure response of the direct SgNB signalling, when applicable and when useful. (This can be expected to be specified as part of the procedure in the WI phase.)
Observation 5: The design issues of the direct signalling from SgNB can be solved by simple extensions to the tight interworking signalling framework.
The protocol framework and design issues have been discussed by presenting motivations and simple solutions to each of them. It can be concluded that direct signalling between the secondary node to the UE is beneficial enabling lower latency and also for allowing signalling diversity for RRC. Based on the discussion and the arguments presented above, we propose:
Proposal 1: Allow the direct signalling from the secondary node to the UE in LTE/NR tight interworking scenarios.
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