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1 Introduction

The RAN3 procedures for adding, modifying and releasing SCG resources were agreed in RAN3#83bis. In the email discussion [85bis#14] many companies expressed concerns about misalignment between agreements in RAN2 and RAN3 and that alignment is needed. The purpose of this contribution is to discuss and propose new inter node RRC messages, and their content, for use in dual connectivity. The examples presented use the X2 procedures agreed in RAN3, and thus also give an example of how these can be used to reach the agreed behaviour in RAN2.
2 Inter node RRC messages

2.1 MeNB triggered SCG addition/modification
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Figure 1: MeNB triggered SCG addition/modification procedure

The basic procedure for MeNB triggered SCG addition/modification is shown in Figure 1. The figure shows the RAN3 agreed X2 AP message flow and a proposal for inter node RRC messages to be carried in these messages. A  According to the proposal the procedure for selecting MCG and SCG radio resource configurations during MeNB triggered SCG addition or modification should contain the following main steps:

1. The MeNB requests the SeNB to allocate radio resources to the UE with the X2 AP message “SeNB addition request” or “SeNB modification request” in the case of modification of already existing SCG. Trigger could be an RRM measurement from the UE or a request over S1-MME to setup a new bearer. Conceptually, this message resembles a bit the Handover Request message on X2, which is used during legacy handover. Thus, a good starting point could be the information elements of that message. The difference is that in SCG modification, although a protocol entity dealing with inter-node RRC messages is assumed to exist in the SeNB, the RRC protocol entity that actually communicates with the UE still remains in the MeNB, so some parts will not be needed. The Handover Request message on X2 contains an Information Element (IE) called RRC Context, which contains the information under RAN2 control, specified as HandoverPreparationInformation in subclause 10.2.2 of TS 36.331. As the RAN2 content for SCG addition or modification will be slightly different from this, a new inter node RRC message should be introduced. The message should include at least the following IEs:

a. ue-RadioAccessCapabilityInfo. The SeNB will need this information in order to select a SeNB radio resource configuration that does not exceed UE capabilities.
b. RadioResourceConfigDedicated. This should include the target MCG configuration the MeNB intends to apply during the dual connectivity phase. The SeNB should know the target MCG configuration in order to select the SCG configuration properly, not exceeding the UE capabilities, but considering possibly freed UE capabilities from the MeNB, if e.g. a bearer is moved from MeNB to SeNB. The RadioResourceConfigDedicated could also include the SCG configuration or parts of it, if the MeNB wants to propose the use of e.g. specific SCells for the SCG, based on e.g. UE RRM measurements.
c. RRM-Config. Also including measurement results should be considered. As in normal handover, the SeNB may use this information when selecting the SCG radio resource configuration. For instance, the SeNB may use this information when selecting PSCell and SCells for the UE. In the email discussion [85b#15], there was large support for adding measurement results when establishing an SCG or adding an SCG cell. This can be achieved by including the RRM-Config.
d. Possible new IE to indicate the nature of the request, to the extent this is not clear from the X2 message part (see below). For instance, if the MeNB wants to add certain SCells to an existing SCG, this could be explicitly indicated. This would aid the SeNB in understanding the request, since it would not have to parse through the entire RadioResourceConfigDedicated. The need for and format of such new IE is ffs.
In addition to these inter node RRC Information Elements, the X2 message should include X2 AP Information Elements like: 

e. Ciphering information. The exact content is pending SA3 decisions, but will include keying material for the SeNB, e.g. S-KeNB.

f. E-RABs to be setup. This IE should contain a list of bearers that the MeNB wants to offload to the SeNB. The SeNB needs this information in order to select SCG configuration. The following information should be included:

i. E-RAB ID. 

ii. E-RAB Level QoS parameters.

iii. E-RAB type. This information would be needed so that SeNB can select the proper SCG configuration, e.g. should there be PDCP termination or not.

2. The SeNB provides the SCG radio resource configuration to the MeNB using a new inter-node RRC message “SCG-Command”. The message could contain a new IE “SCG-RadioResourceConfigDedicated”, containing the SCG radio resource configuration. Detailed content of the new IE is ffs.
3. The MeNB transmits RRCconnectionReconfiguration to the UE. The SCG configuration is included in a new IE SCG-RadioResourceConfigDedicated included in the IE RadioResourceConfigDedicated. 

4. The UE completes the RRC procedure by sending RRCconnectionReconfigurationComplete to the MeNB.
5. The MeNB completes the SCG modification procedure with the X2 AP message “SeNB reconfiguration complete”. This message should contain the up to date RadioResourceConfigDedicated including both MCG and SCG configurations that the UE has applied, thus ensuring that SeNB has the latest information about the UE configuration. This is needed, since the MeNB may depending on the SCG configuration received decide to change parts of the MCG configuration. For this purpose, the already proposed inter-node RRC message “SCG-PreparationInformation” can be reused instead of defining a separate “SCG-Complete” message, as the “SCG-PreparationInformation” message also includes the RadioResourceConfigDedicated IE. The rest of the IEs could be optional and left out.
6. The UE performs Random Access towards the SeNB to confirm that the SCG configuration is taken into use. 
Proposal 1 A new inter-node RRC message “SCG-PreparationInformation” is introduced from MeNB to SeNB for requesting SeNB resources. The message should include the following IEs: ue-RadioAccessCapabilityInfo, RadioResourceConfigDedicated (containing the target MCG configuration the MeNB intends to apply) and RRM-Config. Further IEs to include are ffs.
Proposal 2 A new inter-node RRC message “SCG-Command” is introduced from SeNB to MeNB, containing the SCG radio resource configuration the SeNB wants to apply in a new IE “SCG-RadioResourceConfigDedicated”.

Proposal 3 The MeNB completes the SCG modification procedure with a X2 AP message including the inter-node RRC message “SCG-PreparationInformation” to SeNB, containing the valid RadioResourceConfigDedicated after SCG modification.
2.2 SeNB triggered SCG modification
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Figure 2: SeNB triggered SCG modification procedure

SeNB triggered SCG modification can occur due to e.g. changed radio resource situation in SeNB, release of SCG bearer due to inactivity, etc. The basic procedure is shown in Figure 2. As shown in the figure, the same inter node RRC messages as used for the MeNB triggered procedure can be used here. 
1. The procedure is started by the SeNB sending the X2 message “SeNB modification required” including the inter-node RRC message SCG-Command, containing the SCG configuration that the SeNB wants to apply. 
2. The MeNB transmits RRCconnectionReconfiguration to the UE. The SCG configuration is included in a new IE SCG-RadioResourceConfigDedicated included in the IE RadioResourceConfigDedicated. 

3. The UE completes the RRC procedure by sending RRCconnectionReconfigurationComplete to the MeNB.
4. The MeNB completes the SCG modification procedure with the X2 AP message “SeNB modification confirm”. This message should contain the up to date RadioResourceConfigDedicated including both MCG and SCG configurations that the UE has applied, thus ensuring that SeNB has the latest information about the UE configuration. This is needed, since the MeNB may depending on the SCG configuration received decide to change parts of the MCG configuration. For this purpose, the already proposed inter-node RRC message “SCG-PreparationInformation” can be reused instead of defining a separate “SCG-Complete” message, as the “SCG-PreparationInformation” message also includes the RadioResourceConfigDedicated IE. The rest of the IEs could be optional and left out.
5. The UE performs Random Access towards the SeNB to confirm that the SCG configuration is taken into use. 

As MeNB should have the control over bearers established towards the UE, see also [1], upon receiving the SeNB modification required from SeNB (step 1 in Figure 2), the MeNB should have the possibility to decide how to deal with bearers affected by the modification:

· The MeNB may decide to serve the affected SCG bearers by itself, or to transfer the whole UE context to another SeNB. This may require a second handshake with SeNB to activate data forwarding. 

· The MeNB may decide to release SCG bearers affected by the SCG modification.

· The MeNB may decide to release or modify split bearers affected by the SCG modification

· The MeNB may decide to modify any remaining bearer, taking released UE capabilities into usage

Situations may occur, where the MeNB cannot interpret the SCG configuration in the SCG-Command and thus there has been concern about whether the MeNB will be able to take appropriate action. However, as at least for situations where the SeNB requests to release bearer contexts at the SeNB, X2-level information would be provided anyhow, the MeNB should be in the position to provide the respective resulting RRCConnectionReconfiguration message to the UE.

Observation 1 For SeNB triggered SCG modification resulting in the release of bearer contexts at the SeNB, the X2 AP message part will include the information of affected E-RABs, in addition to the “SCG-Command”.

2.3 SCG modification reject
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Figure 3: SCG modification reject (MeNB triggered procedure)
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Figure 4: SCG modification reject (SeNB triggered procedure)
As agreed, there is a need for the MeNB to be able to reject the SCG configuration received from SeNB. For instance, if the MeNB detects that the SCG configuration together with the MCG configuration exceeds the UE capabilities, the MeNB should have the possibility to reject the SCG configuration. Alternatively, if the MeNB does not comprehend the SCG configuration, the UE may reject the RRCConnectionReconfiguration, which is showed with dashed lines in Figure 3 and Figure 4. This situation may be caused if the SeNB did not have up to date information of the MCG configuration when making its request and the SCG configuration. In the case of a reject, the SeNB needs to be informed that the SCG modification failed. This is handled on X2 AP level, as part of the X2 procedure. For MeNB triggered modification, “SeNB reconfiguration complete” message is used with an indication of failed SCG configuration, see Figure 3. For SeNB triggered modification, the “SeNB modification refuse” message is used, see Figure 4. In the same message informing the SeNB about the failed configuration, the MeNB could also include the “SCG-PreparationInformation” including the current RadioResourceConfigDedicated to aid the SeNB in finding a suitable SCG configuration. After the reject, the SCG modification procedure can be restarted.
Proposal 4 For MeNB triggered SCG modification, the MeNB uses the X2 AP message “SeNB reconfiguration complete” to inform SeNB of failed SCG configuration. The message may include an optional RRC container with the “SCG-PreparationInformation”.
Proposal 5 For SeNB triggered SCG configuration, the MeNB uses the X2 AP message “SeNB modification refuse” to inform SeNB of failed SCG modification. The message may include an optional RRC container with the “SCG-PreparationInformation”.
2.4 MCG configuration update
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Figure 5: SCG addition/modification procedure

One way to avoid the UE capability conflict caused by SeNB not having up to date information about the MCG configuration would be to have a separate inter-node procedure for letting the MeNB update the SeNB with the current radio resource configuration of the UE. This could be a push oriented X2 AP procedure that the MeNB triggers, for instance after changing the MCG configuration. This would also help the SeNB to e.g. take UE capabilities into use that were released by the change in the MCG configuration. The X2 AP message should contain a RRC container including RadioResourceConfigDedicated. Since this IE is included in the proposed inter node RRC message SCG-PreparationInformation, our proposal is to reuse this message in the UE configuration update procedure.
Proposal 6 RAN2 to propose to RAN3 to foresee means of X2 signalling for updating the SeNB with current UE related information from the MeNB. The X2 AP message is to contain a RRC container with the inter-node RRC message “SCG-PreparationInformation”. 
2.5 SCG release
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Figure 6: SeNB triggered SCG release

One of the remaining open issues after last meeting is which node creates the RRC message part that releases the SCG resources at SeNB triggered total SCG release? For the SeNB change procedure, it was agreed that the MeNB can create the RRC message part that releases the source SCG. Therefore, we think the same procedure can be used also for the SeNB triggered SCG release, and there is no need for the SeNB to create a container that releases the SCG.
Proposal 7 MeNB creates the RRC message part that releases the SCG.
2.6 Mapping of inter node RRC messages to X2 AP procedures
In this section, we take a look at how inter node RRC Messages proposed in section 2.1 map to the X2 AP procedures recently agreed in RAN3. A summary is given in table 1.
Table 1 Mapping of RRC inter node messages to X2 procedure
	X2 AP message
	Inter node RRC message

	SeNB addition request
	SCG-PreparationInformation

(Includes the target UE configuration the MeNB wants to apply in the configuration)

	SeNB addition request acknowledgement
	SCG-Command

(Includes the SCG configuration the SeNB wants to apply)

	SeNB addition request reject
	-

	SeNB modification request
	SCG-PreparationInformation

(Includes the target UE configuration the MeNB wants to apply in the configuration)

	SeNB modification request acknowledgement
	SCG-Command

(Includes the SCG configuration the SeNB wants to apply)

	SeNB modification request reject
	-

	SeNB reconfiguration complete 

(Includes indication of successful or unsuccessful completion)
	SCG-PreparationInformation 

(Includes the current UE configuration (MCG & SCG))

	SeNB modification required
	SCG-Command 

(Includes the SCG configuration the SeNB wants to apply)

	SeNB modification confirm
	SCG-PreparationInformation 

(Includes the current UE configuration (MCG & SCG))

	SeNB modification refuse
	SCG-PreparationInformation

(Includes the current UE configuration (MCG & SCG))

	SeNB release request
	-

	SeNB release required
	-

	SeNB release confirm
	-


3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A new inter-node RRC message “SCG-PreparationInformation” is introduced from MeNB to SeNB for requesting SeNB resources. The message should include the following IEs: ue-RadioAccessCapabilityInfo, RadioResourceConfigDedicated (containing the target MCG configuration the MeNB intends to apply) and RRM-Config. Further IEs to include are ffs.
Proposal 2
A new inter-node RRC message “SCG-Command” is introduced from SeNB to MeNB, containing the SCG radio resource configuration the SeNB wants to apply in a new IE “SCG-RadioResourceConfigDedicated”.
Proposal 3
The MeNB completes the SCG modification procedure with a X2 AP message including the inter-node RRC message “SCG-PreparationInformation” to SeNB, containing the valid RadioResourceConfigDedicated after SCG modification.
Proposal 4
For MeNB triggered SCG modification, the MeNB uses the X2 AP message “SeNB reconfiguration complete” to inform SeNB of failed SCG configuration. The message may include an optional RRC container with the “SCG-PreparationInformation”.
Proposal 5
For SeNB triggered SCG configuration, the MeNB uses the X2 AP message “SeNB modification refuse” to inform SeNB of failed SCG modification. The message may include an optional RRC container with the “SCG-PreparationInformation”.
Proposal 6
RAN2 to propose to RAN3 to foresee means of X2 signalling for updating the SeNB with current UE related information from the MeNB. The X2 AP message is to contain a RRC container with the inter-node RRC message “SCG-PreparationInformation”.
Proposal 7
MeNB creates the RRC message part that releases the SCG.
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