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1
Introduction
This contribution analyses and proposes the LTE DC applicability of overall procedures for tight interworking between NR and LTE in Option 3/3a. TP for TR 38.801 [1] is also provided.
2
Discussion
2.1
Overall procedures for LTE DC 
For deployment option 3/3a, RAN3 agreed that overall procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 as listed below should be reused as much as possible and captured in TR 38.801 [1]. In this list, LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively.
-
SeNB Addition

-
SeNB Modification (MeNB initiated SeNB Modification)

-
SeNB Modification (SeNB initiated SeNB Modification)

-
Intra-MeNB handover involving SCG change

-
SeNB Release (MeNB initiated SeNB Release)

-
SeNB Release (SeNB initiated SeNB Release)

-
Change of SeNB

-
MeNB to eNB Change

-
SCG change

-
eNB to MeNB change

-
Inter-MeNB handover without SeNB change

-
Addition of a hybrid HeNB as the SeNB

Editor’s note: Applicability of the above-listed DC procedures is FFS.
Editor’s note: It is pending to RAN2 whether additional procedures have to be defined (e.g., UE capability exchange, UE measurement report request).
2.2
RAN2 agreements for tight interworking 

As of RAN2#95bis, RAN2 has made the following agreements concerning tight interworking between LTE and NR.

Table 1: RAN2 agreements made in the RAN2#94 meeting
Agreements:

1-
Functions of LTE RRC are taken as a baseline for NR RRC

Table 2: RAN2 agreements made in the RAN2#94 meeting
Agreements

=>
UE has a single RRC state machine based on the master, and single control plane connection to CN

=>
Network has two RRC entities that can generate ASN.1

=>
ASN.1 generated by the secondary can be transported by the master (at least in some cases, e.g. for first configuration)

Table 3: RAN2 agreements made in the RAN2#95 meeting
Agreements

1:
Separate RRC specification for NR should be introduced and maintained even for the case of LTE + NR interworking.

2
Some coordination is required between LTE (respectively NR) master node and NR (respectively LTE) secondary node.

Table 4: RAN2 agreements made in the RAN2#95 meeting

Agreements

1
From a RAN2 perspective, we aim to have an independent capability information for NR and LTE (meaning that node of one RAT does not need to look at the capabilities of the other RAT). Does not preclude that capabilities of one RAT might contain some information related to the other RAT (e.g. at least measurement capabilities)

2
RAN2 should study further how to coordinate capabilities between the UE, LTE eNB and NR gNB.

Table 5: RAN2 agreements made in the RAN2#95-bis meeting

Agreements

1: RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.

2:
 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.

3
 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

4
Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

5: 
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

Table 6: RAN2 agreements made in the RAN2#95-bis meeting
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.

Considering these agreements, we further discuss possible impacts on the overall procedural aspects. It should be highlighted that RAN2 has agreed that the initial SeNB configuration will be routed via the MeNB (Agreement in Table 2). 

2.3
Procedural impacts of LTE-NR tight interworking 

Based on the RAN2 agreements, we will consider the impacts to the existing LTE DC procedures. In each of the descriptions, we list the message impacts with an explanation of the background for the change.
SeNB Addition 

· In the SENB ADDITION REQUEST message, the MeNB would need to signal NR UE capabilities pertaining to the SeNB. 
· In the SENB ADDITION REQUEST ACKNOWLEDGE, the SeNB indicates its choice of the NR configuration over Xx in addition to providing the NR RRC message corresponding to that choice.
· In the SENB RECONFIGURATION COMPLETE, the MeNB may accept or reject the SeNB configuration received in SENB ADDITION REQUEST ACKNOWLEDGE. It is foreseen that the MeNB could still choose among a set of configurations provided by the SeNB.
[Summary] Existing procedure defined in TS 36.300 can be reused without any procedural change, but with minor update to adapt the message information to NR.
To explain the above principles, we further describe the example call flow for SeNB Addition defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 with additional considerable points highlighted as LTE-NR IWK Option 3/3a. LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. If RAN2 agrees any new procedures or new principles, the detailed contents may change.
== TS36.300 ==
10.1.2.8.1
SeNB Addition

The SeNB Addition procedure is initiated by the MeNB and is used to establish a UE context at the SeNB in order to provide radio resources from the SeNB to the UE. This procedure is used to add at least the first cell (PSCell) of the SCG. Figure 10.1.2.8.1-1 shows the SeNB Addition procedure.
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Figure 10.1.2.8.1-1: SeNB Addition procedure

1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to bearer type). In addition, MeNB indicates within SCG-ConfigInfo the MCG configuration and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB, but does not include SCG configuration. The MeNB can provide the latest measurement results for the SCG cell(s) requested to be added. The SeNB may reject the request.
NOTE:
In contrast to SCG bearer, for the split bearer option the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more. The MeNBs decision may be reflected in step 1 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1.
NOTE:
For a specific E-RAB, the MeNB may request the direct establishment of an SCG or a Split bearer, i.e., without first having to establish an MCG bearer.

LTE-NR IWK Option 3/3a:
SCG-ConfigInfo may be specified as a new RRC container.
2.
If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. The SeNB triggers Random Access so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource of SCG in SCG-Config to the MeNB. For SCG bearers, the SeNB provides the new radio resource of the SCG together with S1 DL TNL address information for the respective E-RAB and security algorithm, for split bearers together with X2 DL TNL address information.
NOTE:
In case of split bearers, transmission of user plane data may take place after step 2.

NOTE:
In case of SCG bearers, data forwarding and the SN Status Transfer may take place after step 2.

LTE-NR IWK Option 3/3a:
SCG-Config should be specified as a new RRC container or NR RRC PDU. SeNB indicates the chosen NR configuration over Xx in addition to providing the configuration details in the NR RRC PDU.
3.
If the MeNB endorses the new configuration, the MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config.

4.
The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
5.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.

LTE-NR IWK Option 3/3a: After MeNB receives SeNB configuration in SeNB addition request acknowledge, it may still accept or reject it. MeNB could still choose among candidates given by SeNB. Chosen NR configuration is informed to SeNB in step 5.
6.
The UE performs synchronisation towards the PSCell of the SeNB. The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.

7./8.
In case of SCG bearers, and dependent on the bearer characteristics of the respective E-RAB, the MeNB may take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Transfer).
9.-12.
For SCG bearers, the update of the UP path towards the EPC is performed.
==============
SeNB Modification (SeNB/MeNB initiated SeNB Modification) 

Some enhancements to the SENB MODIFICATION procedures may be needed e.g. due to uses cases and differences between LTE and NR technologies.
· RAN2 has considered that the UE capabilities across LTE and NR may change over a period of time (with all details still as FFS, and pending understanding of the need for this). This means that the SENB MODIFICATION REQUEST or the SENB MODIFICATION REQUIRED messages may require enhancements leading to the requirement to change the LTE or NR configuration.
· The NR may choose to update the local configuration without involving the MeNB. The configuration change notification to MeNB may utilize the SENB MODIFICATION REQUIRED message to dispatch the resultant configuration in a NR RRC PDU.
In addition to the above, there are additional scenarios where RAN2 has not converged with an agreement. These scenarios may impact the Xx interface.
· NR gNB to UE direct signalling 
· 
NR gNB measurement coordination and assistance to MeNB 
· Security in LTE/NR tight interworking 

· RLF handling in in LTE/NR tight interworking 

[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change, but with minor update to adapt the message information to NR. If RAN2 agrees any new procedures, the LTE DC applicability could be studied further. 
To explain the above principles, we further describe the example call flow for SeNB Modification defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 with additional considerable points highlighted as LTE-NR IWK Option 3/3a. LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. If RAN2 agrees any new procedures or new principles, the detailed contents may change.
== TS36.300 ==
10.1.2.8.2
SeNB Modification

The SeNB Modification procedure may be initiated either by the MeNB or by the SeNB and be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SeNB or to modify other properties of the UE context within the same SeNB.

The SeNB modification procedure does not necessarily need to involve signalling towards the UE.
MeNB initiated SeNB Modification
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Figure 10.1.2.8.2-1: SeNB Modification procedure - MeNB initiated

The MeNB uses the procedure to initiate configuration changes of the SCG within the same SeNB, e.g. the addition or release of SCG SCells, the addition, modification or release of SCG bearer(s) and the SCG part of split bearer(s) and to trigger PSCell change involving PSCell release. The SeNB may reject the request, except if it concerns the release of SCG cells, of SCG bearer(s) or the SCG part of split bearer(s). Figure 10.1.2.8.2-1 shows an example signalling flow for a MeNB initiated SeNB Modification procedure.

1. The MeNB sends the SeNB Modification Request message, which may contain bearer context related or other UE context related information, data forwarding address information (if applicable) and SCG-ConfigInfo which contains the MCG configuration and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB. In case of SCG SCell addition request, the MeNB can provide the latest measurement results for the SCG cell(s) requested to be added and SCG serving cell(s). In case of SCG Change, SCG Change Indication is included.
NOTE:
MeNB may request the establishment or release of SCG or Split bearer while not reconfiguration to MCG bearer, which can be performed without SCG change.

LTE-NR IWK Option 3/3a: The following procedures can be done by step 1 and step 2.

-
UE capability update: UE capabilities could update dynamically, which could lead to requirement to change the LTE or NR configuration (FFS).

2.
The SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information within SCG-Config message and data forwarding address information (if applicable). In this step, the SeNB does not initiate an SCG change i.e. the SCG-Config message indicates an SCG Change only if the MeNB included the SCG Change Indication in the SeNB Modification Request message (as an SCG change initiated by the SeNB would subsequently require an SCG counter from the MeNB). In case of SCG Change, for E-RABs configured with the split bearer option for which no bearer type change is performed, the SeNB provides a new DL GTP TEID to the MeNB. The MeNB shall continue sending DL PDCP PDUs to the SeNB with the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and use the new DL GTP TEID starting with the PDCP re-establishment or data recovery.

3/4.
The MeNB initiates the RRC connection reconfiguration procedure. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

5.
Upon successful completion of the reconfiguration, the success of the procedure is indicated in the SeNB Reconfiguration Complete message.

6.
If instructed, the UE performs synchronisation towards the PSCell of the SeNB as described in SeNB addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

7/8.
If applicable, data forwarding between MeNB and the SeNB takes place (Figure 10.1.2.8.2-1 depicts the case where a bearer context is transferred from the MeNB to the SeNB).

9.
If applicable, a path update is performed.
SeNB initiated SeNB Modification
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Figure 10.1.2.8.2-2: SeNB Modification procedure - SeNB initiated

The SeNB uses the procedure to perform configuration changes of the SCG within the same SeNB, e.g. to trigger the release of SCG SCell(s) (other than PSCell), SCG bearer(s) and the SCG part of split bearer(s) (upon which the MeNB may release the bearer or reconfigure it to an MCG bearer), and to trigger PSCell change. The MeNB cannot reject the release request of SCG SCells (other than PSCell), SCG bearer and the SCG part of split bearer. The SeNB cannot initiate an SCG SCell addition except for the case of SI update of an SCG SCell. Figure 10.1.2.8.2-2 shows an example signalling flow for an SeNB initiated SeNB Modification procedure.

1.
The SeNB sends the SeNB Modification Required message, which may contain bearer context related, other UE context related information and SCG-Config which contains the new radio resource configuration of SCG. For bearer release or modification a corresponding E-RAB list is included in the SeNB Modification Required message. In case of SCG Change, SCG Change Indication together with SCG-Config are included. In case of release of bearer served by SeNB, SCG-Config is not included.

The SeNB can decide whether the Random Access procedure is required, i.e. SCG change.
LTE-NR IWK Option 3/3a: The following procedures can be done by step 1 and step 6.

-
UE capability update: UE capabilities could update dynamically, which could lead to requirement to change the LTE or NR configuration (FFS).

-
SeNB configuration update: The NR may choose to update the local configuration without involving the MeNB and dispatch the resultant configuration in a NR RRC PDU (FFS).

2./3.
If data forwarding and/or SeNB security key change needs to be applied, the MeNB triggers the preparation of the MeNB initiated SeNB Modification procedure and provides forwarding address and/or a new SeNB security key information within the SeNB Modification Request message, respectively. If the SeNB requested to release a bearer in step 1, and the MeNB decides to reconfigure it to an MCG bearer, the MeNB provides the SCG Change Indication within the SeNB Modification Request message and the SeNB provides respective RRC information in the SCG-Configuration within the SeNB Modification Request Acknowledgement message.

NOTE:
When the SeNB Modification Required message contains SCG-Config in step 1, the following MeNB initiated SeNB Modification procedure triggered by the MeNB in step 2 cannot be used for anything that would require a new SCG configuration (as SCG-Config cannot be subsequently signalled by the SeNB).

NOTE:
If only SeNB security key (i.e. without SCG Change Indication) is provided in step 2, the MeNB does not need to wait for the reception of step 3 to initiate the RRC connection reconfiguration procedure.

4.
If MeNB accepts the SeNB request, the MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config.
5.
The UE applies the new configuration and replies the RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

6.
Upon successful completion of the reconfiguration, the success of the procedure related to SCG-Config is indicated in the SeNB Modification Confirm message.

7.
If instructed, the UE performs synchronisation towards the PSCell of the SeNB as described in SeNB addition procedure. Otherwise, the UE may perform UL transmission after having applied the new configuration.

8/9.
If applicable, data forwarding between MeNB and the SeNB takes place (Figure 10.1.2.8.2-2 depicts the case where a bearer context is transferred from the SeNB to the MeNB).
10.
If applicable, a path update is performed.
==============
Intra-MeNB handover involving SCG change, Inter-MeNB handover without SeNB change
These cases involve intra-/inter-MeNB handover where the NR part may or may not change. Any procedural changes to this part should be similar as considered in addition/modification/Change of SeNB/SCG change procedures.
[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change. Any changes should be reflected in SeNB Addition and SeNB Modification procedures.
MeNB/SeNB initiated SeNB Release 

Just as with LTE DC, either MeNB or SeNB should be able to release the LTE-NR connection. No procedural changes are foreseen.

[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change.
Change of SeNB

Since even in LTE DC, this is essentially just SeNB release + SeNB addition, any procedural changes should be covered by the component procedures.

[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.

MeNB to eNB Change, eNB to MeNB change

These procedures allow using a handover to change to/from using LTE DC. As also these procedures are using the components of SeNB addition/SeNB release, no procedural changes are foreseen. 

[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.

SCG change

In LTE DC, SCG change is used whenever synchronous reconfiguration is required for SeNB. With LTE-NR, it is assumed similar baseline can be assumed and no procedural changes are foreseen.

[Summary] Existing procedures defined in TS 36.300 can be reused without any procedural change. Any changes should be reflected in SeNB Addition and SeNB Modification procedures.

Addition of a hybrid HeNB as the SeNB
This procedure allows an addition of a hybrid HeNB as the SeNB. If this feature is supported, as the procedure is using the components of SeNB addition, no procedural changes are foreseen.
[Summary] If this feature is supported, existing procedures defined in TS 36.300 can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.
Proposal 1:
All the existing procedures defined in 10.1.2.8 (Dual Connectivity operation) in TS 36.300 can be reused without any procedural change. SeNB Addition and SeNB Modification procedures may need to be updated in the detailed information exchanged over Xx.
Proposal 2:
RAN3 agrees on TP for TR 38.801.
3
Conclusions
Proposal 1:
All the existing procedures defined in 10.1.2.8 (Dual Connectivity operation) in TS 36.300 can be reused without any procedural change. SeNB Addition and SeNB Modification procedures may need to be updated in the detailed information exchanged over Xx. 
Proposal 2:
RAN3 agrees on TP for TR 38.801.
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10.1.2.3
Procedural aspects

The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [12] are listed below. In this list, LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. The DC procedures defined in TS 36.423 [13] should be used as baseline.

-
SeNB Addition

-
SeNB Modification (MeNB initiated SeNB Modification)

-
SeNB Modification (SeNB initiated SeNB Modification)

-
Intra-MeNB handover involving SCG change

-
SeNB Release (MeNB initiated SeNB Release)

-
SeNB Release (SeNB initiated SeNB Release)

-
Change of SeNB

-
MeNB to eNB Change

-
SCG change

-
eNB to MeNB change

-
Inter-MeNB handover without SeNB change

-
Addition of a hybrid HeNB as the SeNB


Editor’s note: It is pending to RAN2 whether additional procedures have to be defined (e.g., UE capability exchange, UE measurement report request).
SeNB Addition 

· In the SENB ADDITION REQUEST message, the MeNB would need to signal NR UE capabilities pertaining to the SeNB. 

· In the SENB ADDITION REQUEST ACKNOWLEDGE, the SeNB indicates its choice of the NR configuration over Xx in addition to providing the NR RRC message corresponding to that choice.
· In the SENB RECONFIGURATION COMPLETE, the MeNB may accept or reject the SeNB configuration received in SENB ADDITION REQUEST ACKNOWLEDGE. It is foreseen that the MeNB could still choose among a set of configurations provided by the SeNB.

Existing procedure defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR.
SeNB Modification (SeNB/MeNB initiated SeNB Modification) 

Some enhancements to the SENB MODIFICATION procedures may be needed e.g. due to uses cases and differences between LTE and NR technologies.
· RAN2 has considered that the UE capabilities across LTE and NR may change over a period of time (with all details still as FFS, and pending understanding of the need for this). This means that the SENB MODIFICATION REQUEST or the SENB MODIFICATION REQUIRED messages may require enhancements leading to the requirement to change the LTE or NR configuration.

· The NR may choose to update the local configuration without involving the MeNB. The configuration change notification to MeNB may utilize the SENB MODIFICATION REQUIRED message to dispatch the resultant configuration in a NR RRC PDU.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR. If RAN2 agrees any new procedures, the LTE DC applicability could be studied further. 

Intra-MeNB handover involving SCG change, Inter-MeNB handover without SeNB change
These cases involve intra-/inter-MeNB handover where the NR part may or may not change. Any procedural changes to this part should be similar as considered in addition/modification/Change of SeNB/SCG change procedures.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change. Any changes should be reflected in SeNB Addition and SeNB Modification procedures.

MeNB/SeNB initiated SeNB Release 

Just as with LTE DC, either MeNB or SeNB should be able to release the LTE-NR connection. No procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
Change of SeNB

Since even in LTE DC, this is essentially just SeNB release + SeNB addition, any procedural changes should be covered by the component procedures.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.

MeNB to eNB Change, eNB to MeNB change

These procedures allow using a handover to change to/from using LTE DC. As also these procedures are using the components of SeNB addition/SeNB release, no procedural changes are foreseen. 

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.

SCG change

In LTE DC, SCG change is used whenever synchronous reconfiguration is required for SeNB. With LTE-NR, it is assumed similar baseline can be assumed and no procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change. Any changes should be reflected in SeNB Addition and SeNB Modification procedures.
Addition of a hybrid HeNB as the SeNB
This procedure allows an addition of a hybrid HeNB as the SeNB. If this feature is supported, as the procedure is using the components of SeNB addition, no procedural changes are foreseen.
If this feature is supported, existing procedures defined in TS 36.300 [12] can be reused without any procedural change. Any changes should be reflected in SeNB Addition procedure.
End of Text Proposal
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