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Discussion and Decision
1      Introduction
The SID for new RAT (NR) was approved in RP#71 meeting [1]. One of the SI objective is to study tight interworking between LTE and NR. In RAN2#93bis meeting, there were discussion on RRC modelling and whether LTE and NR eNBs should understand each other’s signalling. In this contribution, we investigate RRC aspects for LTE-NR interworking.
2      Discussion
2.1     Overall framework for LTE-NR interworking

One obvious reference for LTE-NR interworking is LTE dual connectivity. The basic life cycle for dual connectivity operation is shown in Table 1 below. It is expected that the basic life cycle for LTE-NR interworking is similar, and is shown below in Table 1 below for comparison.

Table 1: Life cycle for LTE dual connectivity and LTE-NR interworking
	
	LTE dual connectivity
	LTE-NR interworking (LTE as MCG)
	LTE-NR interworking (NR as MCG)

	UE capability
	The UE reports its support of dual connectivity in capability signalling.
	The UE reports to LTE eNB its support of new RAT in capability signalling. Details of how NR capability is signalled is FFS.
	The UE reports to NR eNB its support of LTE in capability signalling. 

	Measurement configuration
	The MeNB configures the UE to measure the frequencies where small cell eNBs (which typically serve as SeNBs in DC) are deployed.
	The LTE eNB configures the UE to measure the frequencies where NR eNBs are deployed.
	The NR eNB configures the UE to measure the frequencies where LTE eNBs are deployed.

	SCG Addition
	If the channel quality to some cells of a small cell eNB is good enough (e.g. based on event A4), the MeNB initiates SeNB Addition procedure to add SCG. Afterwards, the UE connects to both MeNB and SeNB.
	If the channel quality to some NR cells is good enough, the LTE eNB initiates procedure to add NR cells, e.g. as SCG. Afterwards, the UE connects to both LTE and NR eNBs.
	If the channel quality to some LTE cells is good enough, the NR eNB initiates procedure to add LTE cells, e.g. as SCG. Afterwards, the UE connects to both LTE and NR eNBs.

	SCG Modification
	Both MeNB and SeNB can initiate SeNB modification procedure to perform configuration changes of the SCG within the same SeNB.
	Both LTE and NR eNBs can initiate modification procedure to perform configuration changes of the SCG within the same NR eNB. 
	Both LTE and NR eNBs can initiate modification procedure to perform configuration changes of the SCG within the same LTE eNB.

	SCG Change
	When the UE is moving between two SeNBs, Change of SeNB procedure can be initiated.
	When the UE is moving between two NR eNBs, Change of NR eNB procedure can be initiated. 
	When the UE is moving between two LTE eNBs, Change of LTE eNB procedure can be initiated. 

	SCG Release
	If the channel quality to SeNB drops below certain threshold (e.g. based on event A2), SeNB release procedure can be initiated to release the SCG. Afterwards, the UE goes back to single connectivity mode.
	If the channel quality to NR eNB drops below certain threshold, NR eNB release procedure can be initiated to release the SCG. Afterwards, the UE goes back to single connectivity mode.
	If the channel quality to LTE eNB drops below certain threshold, LTE eNB release procedure can be initiated to release the SCG. Afterwards, the UE goes back to single connectivity mode.


2.2     RRC modelling
In LTE dual connectivity, 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 MeNB and the UE only replies back to MeNB. In radio protocol, RRC is located in MeNB and SRBs are always configured as MCG bearer type and therefore only use the radio resources of the MeNB.
For LTE-NR interworking, one general question is whether at the UE side, there are separate RRC entities for LTE and NR, or there is only one single RRC entity for both LTE and NR. As LTE and NR may evolve separately, each with a different set of specifications, it is expected that separate RRC model is a natural choice. Another reason is that for standalone NR, it is expected that corresponding RRC layer is already separated from LTE RRC at UE side. For LTE-NR interworking, there is some interactions between LTE and NR RRC entities, as discussed below.
Proposal 1: Separate RRC entities are assumed for LTE and NR at UE side.
2.3     RRC signalling transparency
In LTE, capability information is sent from UE to network in message UECapabilityInformation, while other signalling is sent from the network to UE in message RRCConnectionReconfiguration with the confirmation by UE in RRConnectionReconfigurationComplete.

From above discussion on LTE-NR life cycle, it can be seen that following contents need to be transmitted over the air interface as RRC signalling. Note that the discussion is focused on information content; how to group IEs is a stage-3 issue, which is not discussed at this stage. It is also noted that the listed RRC signaling includes NR specific information that LTE may not need to know to enable inter-working operation. NR information related to interworking should be included in LTE RRC signaling message when LTE is MCG. For example, LTE-NR interworking capability and supportable NR bands/band combinations should be included as part of the capability signaling as this enables the configuration of NR measurements and measurement reporting within LTE. Similarly, when NR is MCG, LTE information related to inter-working should be included in NR RRC signaling message. 
· UE capability signalling (UE (( Network)
· Measurement configuration (Network ( UE)
· Measurement result report (UE ( Network)
· SCG Addition (UE (( Network)
· SCG Modification (UE (( Network)
· SCG Change (UE (( Network)
· SCG Release (UE (( Network)

Among the above information content, it is expected that for LTE-NR interworking with LTE as MCG, at least the first four types of information need to be transmitted in LTE: UE capability, measurement configuration / report, and NR Addition. Regarding measurement configuration / report, the discussion is mainly related to the situation before NR cells are added. Similarly, for LTE-NR interworking with NR as MCG, at least the first four types of information need to be transmitted in NR.
Proposal 2: NR related RRC signalling required for the initial configuration of NR SCG is transmitted in LTE for LTE-NR interworking with LTE as MCG before the UE is connected to NR. It is FFS whether NR related RRC signalling should be transmitted in NR for LTE-NR interworking with LTE as MCG after the UE is connected to NR SCG. 

Proposal 3: LTE related RRC signalling required for the initial configuration of LTE SCG is transmitted in NR for LTE-NR interworking with NR as MCG before the UE is connected to LTE. It is FFS whether LTE related RRC signalling should be transmitted in LTE for LTE-NR interworking with NR as MCG after the UE is connected to LTE SCG.
When NR originated RRC signalling is transmitted in LTE or LTE originated RRC signalling is transmitted in NR, one question is whether the RRC signalling of one RAT is transparent to the eNB of the other RAT. Considering the case of LTE-NR interworking with LTE as MCG as an example. It is obvious that LTE eNB should be able to process some NR related signalling like UE capability and measurement results that is signaled between LTE eNB and UE. It is proposed to adopt a hybrid approach that part of NR signalling related to the initial establishment of the NR SCG is understood by LTE RRC, and other NR signalling related to the configuration and subsequent reconfiguration of NR SCG is transparent to LTE RRC. For example, for the UE capability, the UE only needs to report to the LTE eNB a minimum amount of capability for LTE interworking, e.g. the NR frequency bands that the UE supports for LTE-NR interworking. Detailed NR capability signalling can be transmitted separately e.g. in a container transparent to LTE eNB. One issue for further study is whether there are shared UE capability between LTE and NR and how to ensure that configuration does not violate UE capability limits.   
Above discussion is for LTE-NR interworking with LTE as MCG. Similar principle can be applied when NR is MCG.
Proposal 4: For LTE-NR interworking with LTE as MCG, when NR related RRC signalling is transmitted via LTE MCG, NR related RRC signalling is partly transparent to LTE eNB. FFS which parts are transparent and which parts are not. 
Proposal 5: For LTE-NR interworking with NR as MCG, when LTE related RRC signalling is transmitted via NR MCG, LTE related RRC signalling is partly transparent to NR eNB. FFS which parts are transparent and which parts are not.  
2.4     RRC signalling transmission
For LTE-NR interworking, whether RRC signalling can be transmitted directly over NR needs further study. The reason is that there is the potential blockage issue in the NR for frequencies above 6 GHz [2], therefore the LTE link is more reliable compared with the NR link in high frequency band. On the other hand, it is expected that the TTI in NR is much shorter than current LTE, therefore there is the benefit of reduced latency when RRC signalling is transmitted in NR.

As proposed by several companies, one way to improve RRC signaling reliability is to allow RRC signalling to be transmitted via both LTE and NR. There are several aspects related to RRC signalling transportation. 
Single SRB or Dual SRB

An example of single SRB and dual SRB approaches are shown in Figure 1 below. Single SRB approach is more like DC split bearer, where there is a single PDCP entity handling the security. Single SRB approach might not be efficient from latency perspective, as RRC signalling may need to travel back and forth between LTE and NR eNBs (e.g. in case of NR in Figure 1 below). In case of dual SRB approach, separate SRBs are used in LTE and NR. RRC signalling forwarding would be required between LTE and NR to achieve RRC diversity.
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Figure 1: Single SRB vs. Separate SRB for DL
DL/UL difference
In DL, for each RRC message, whether diversity transmission is needed is up to eNB scheduling. However for uplink, the UE behavior should be clearly specified. For example, assume LTE is acting as MCG and NR is deployed in high frequency band. NR originated RRC signalling might need the protection of RRC diversity, therefore UE needs to transmit to both LTE and NR eNBs. However, for LTE originated RRC signalling, it might be sufficient to transmit to LTE eNB only as LTE link is very reliable.
Proposal 6: RAN2 to discuss whether to transmit RRC signalling from both LTE and NR for LTE-NR interworking.
3      Conclusion

In this contribution, we investigate control plane aspects for LTE-NR interworking, and propose the following:

Proposal 1: Separate RRC entities are assumed for LTE and NR at UE side.
Proposal 2: NR related RRC signalling required for the initial configuration of NR SCG is transmitted in LTE for LTE-NR interworking with LTE as MCG before the UE is connected to NR. It is FFS whether NR related RRC signalling should be transmitted in NR for LTE-NR interworking with LTE as MCG after the UE is connected to NR SCG.
Proposal 3: LTE related RRC signalling required for the initial configuration of LTE SCG is transmitted in NR for LTE-NR interworking with NR as MCG before the UE is connected to LTE. It is FFS whether LTE related RRC signalling should be transmitted in LTE for LTE-NR interworking with NR as MCG after the UE is connected to LTE SCG.
Proposal 4: For LTE-NR interworking with LTE as MCG, when NR related RRC signalling is transmitted via LTE MCG, NR related RRC signalling is partly transparent to LTE eNB. FFS which parts are transparent and which parts are not.
Proposal 5: For LTE-NR interworking with NR as MCG, when LTE related RRC signalling is transmitted via NR MCG, LTE related RRC signalling is partly transparent to NR eNB. FFS which parts are transparent and which parts are not.
Proposal 6: RAN2 to discuss whether to transmit RRC signalling from both LTE and NR for LTE-NR interworking.
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