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1 Introduction

The following agreement was made for non-standalone scenario (NSA) in RAN2 94 meeting at Nanjing:

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)

Then the following agreement was made for NSA in RAN2 95bis meeting at Kaohsiung:

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.

In RAN2 NR ad-hoc1 meeting, the following agreements were made:
Agreements

1
For initial configuration of LTE/NR tight interworking, the measurement configuration used by the UE should be configured by the master node.

2: For the LTE/NR tight interworking, the intra-secondary node mobility (including PSCell change and SCell release/addition) should be managed by the secondary node itself. At least in some cases, the master node needs to be informed of intra-secondary node mobility.

3: For the LTE/NR tight interworking, the measurement configuration used by the UE the intra-secondary node mobility should be managed by the secondary node. At least in some cases, coordination with the master is required.

4: Take the triggering of CP procedure listed below as baseline for the LTE/NR tight interworking:


Secondary Node Addition procedure: Triggered by master node.


Secondary Node Release procedure: Triggered by both master node and secondary node.

FFS Whether the secondary node or master node triggers change of secondary node

Intra-secondary node mobility: Triggered by secondary node.


Addition/Release of SCell within secondary node: Triggered by secondary node.

This contribution discusses the options for NR configurations for EN-DC in the context of RRM of the secondary NB (SgNB).

2 RRC signaling options for EN-DC

The following 2 RRC signaling options have been discussed in RAN2 so far delivering RRC messages from the SCG.

1. SN RRC over MCG SRB option

a. SN RRC signaling is sent via the MCG RRC in a transparent container
2. Direct SCG SRB option

a. MN RRC signaling is sent in MCG SRBs and SN RRC signaling is sent in SCG SRBs

Here is the pros and cons table for them.
	Options
	Pros
	Cons

	1. MCG SRB only
	RRC signaling always takes place over the relatively reliable radio link.

Only one connection is used for the RRC signaling and so the RLF handling can be simplified.
Specification impacts are reduced as there is no need to determine which procedures are direct SCG and which are via MCG
	LTE performance defines the RRC signaling performance and can’t take advantage of NR link performance such as low latency.

The backhaul delay will compromise the SN RRC signaling latency as SN RRC messages always need to be forwarded between MN and SN.

It may complicate the UE modem implementation as LTE node and NR node need to exchange the RRC messages.

	2. Direct SCG SRB
	It takes advantage of NR radio link performance (low latency) for SN RRC signaling. 
Each RAT’s RRC can work independently.
Forwards compatible to URLLC where Direct SCG SRB is likely needed to enable zero interruption HO or in case of MCG RLF
	NR radio link is not always reliable and so SN RRC signaling may end up in secondary radio link failure. 


Observation 1: SN RRC over MCG SRB allows for the simplest implementation but is subject to backhaul delay
Observation 2: Direct SCG SRB has the best performance and most forwards compatible to URLLC but has a potential reliability issue.
3 EN-DC operations
The following LTE/NR tight interworking (EN-DC) operations should be supported.

1. SgNB Addition

2. SgNB Modification

3. SgNB Release

4. MeNB to eNB Change

5. Change of SgNB
6. SCG change

7. eNB to MeNB Change

3.1 SgNB Addition
The SgNB Addition procedure should be initiated by the MeNB and is used to establish a UE context at the SgNB in order to provide radio resources from the SgNB to the UE. This procedure is used to add at least the first cell of the SCG. Figure 1 shows the SgNB Addition procedure.
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1. SgNB Addition Request

(carry SCG-ConfigInfo)

2. SgNB Addition Request Acknowledge

(carry SCG-Config)

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

9. E-RAB Modification Indication

5. SgNB Reconfiguration Complete

12. E-RAB Modification Confirmation

10. Bearer Modication

7. SN Status Transfer

8. Data Forwarding

6. Random Access Procedure

Path Update procedure

11. End Marker Packet


Figure 1: SgNB Addition procedure
Before the step 1 in Figure 1, MeNB needs to evaluate the quality of NR cells of the SgNB. Therefore MeNB should handle the NR measurement configuration and NR measurement reporting for SgNB Addition procedure.
3.2 SgNB Modification
The SgNB Modification procedure may be initiated either by the MeNB or by the SgNB and be used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SgNB or to modify other properties of the UE context within the same SgNB. Figure 2 shows the SgNB Modification procedure.
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1. SgNB Modification Request

(carry SCG-ConfigInfo)

2. SgNB Modification Request Acknowledge

(carry SCG-Config)

7. SNStatus Transfer

8. Data Forwarding

6. Random Access Procedure

9. Path Update procedure

SgNB initiated modification

2. SgNB Modification Confirm

(carry SCG-ConfigInfo)

1. SgNB Modification Required

(carry SCG-Config)

MeNB initiated modification

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

5. SgNB Reconfiguration Complete

MCG signalling


Figure 2: SgNB Modification procedure
For SCG change procedure described in section 3.6, before the step 1 in Figure 2, SgNB may need to evaluate the quality of NR cells of the SgNB. In such case, SgNB should handle the NR measurement configuration and NR measurement reporting (i.e. SgNB configures NR measurements and processes NR measurement report messages) for the SCG change procedure.

For RRC signaling towards UE, there are two options: MCG signaling and SCG signaling as shown at steps 3-5.

3.3 SgNB Release

The SgNB Release procedure may be initiated either by the MeNB or by the SgNB and is used to initiate the release of the UE context at the SeNB. The recipient node of this request cannot reject.
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2. RRCConnectionReconfiguration

3. RRCConnectionReconfigurationComplete

4. SNStatus Transfer

5. Data Forwarding

6. Path Update procedure

1. SgNB Release Request

7. UE Context Release

MeNB initiated release

1b. SgNB Release Confirm

1a. SgNB Release Required

SgNB initiated release

UE


Figure 3: SgNB Release procedures
3.4 MeNB to eNB Change
This operation should be a combination of SgNB Release as described in section 3.3 and LTE handover.
3.5 Change of SgNB
The change of SgNB procedure may be initiated either by the MeNB or by the SgNB and used to transfer a UE context from a source SgNB to a target SgNB and to change the SCG configuration in UE from one SgNB to another.
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9a. SNStatus Transfer

10. Data Forwarding

T-SgNB

5. RRCConnectionReconfiguration

6. RRCConnectionReconfigurationComplete

7. SgNB Reconfiguration Complete

11. E-RAB Modification Indication

15. E-RAB Modification Confirmation

12. Bearer Modification

13. End Marker Packet

14. New Path

8. Random Access Procedure

9b. SN Status Transfer

16. UE Context Release

1. SgNB Change Required

4. SeNB Release Request

2. SeNB Addition Request

3. SeNB Addition Request Acknowledge

MCG signalling

4. RRCConnectionReconfiguration

5. RRCConnectionReconfigurationComplete

7. SeNB Release Request

SCG signalling

6. SgNB Change Complete


Figure 4: Change of SgNB procedure
Before the step 1 in Figure 4, SgNB may need to evaluate the quality of NR cells of the SgNBs. In such case, the source SgNB should handle the NR measurement configuration and NR measurement reporting (i.e. SgNB configures NR measurements and processes NR measurement report messages) for Change of SgNB procedure.
SgNB should trigger a change of SgNB when certain criteria are met (e.g. when NR measurement report for the neighbor gNB is received). In such case, SgNB requests MeNB to initiate a change of SgNB procedure towards the target SgNB (step 1).
For RRC signaling towards UE, there are two options: MCG signaling and SCG signaling as shown at steps 4-7.

3.6 SCG change
"SCG change" refers to a synchronous SCG reconfiguration procedure towards the UE involving synchronisation on PSCell. This procedure is used to establish SCG, and can be used to reconfigure the SCG configuration.
To perform SCG change within the same SgNB, the SgNB Modification procedure as described in section 3.2 is used and in this case, the path switch and data forwarding for DRB on SCG may be suppressed. To perform SCG change between different SgNBs, the change of SgNB as described in section 3.4 is used.
3.7 eNB to MeNB Change
This operation should be a combination of LTE HO and SgNB Addition as described in section 3.1.
4 Considerations on RRM
By looking at the details of the procedures described in section 3. We propose the following principles.

The following agreement made in RAN2 NR ad-hoc1 meeting is relevant to the secondary node addition (3.1).

Agreements

1
For initial configuration of LTE/NR tight interworking, the measurement configuration used by the UE should be configured by the master node.

So the measurement part has already been clarified in RAN2 and the missing part is who delivers the secondary node addition reconfiguration message.

Proposal 1: The master node delivers the secondary node addition reconfiguration message
The following agreements made in RAN2 NR ad-hoc1 meeting are relevant to the mobility in the secondary node (3.6)
Agreements

2: For the LTE/NR tight interworking, the intra-secondary node mobility (including PSCell change and SCell release/addition) should be managed by the secondary node itself. At least in some cases, the master node needs to be informed of intra-secondary node mobility.

3: For the LTE/NR tight interworking, the measurement configuration used by the UE the intra-secondary node mobility should be managed by the secondary node. At least in some cases, coordination with the master is required.

RAN2 confirms that the secondary node manages the intra-secondary node mobility and the measurement configurations for the intra-secondary mobility. However it’s still not yet confirmed how the secondary node RRC message is delivered to the UE.

It makes sense to use the low latency link for NR mobility especially in mmW deployment because beam measurement is involved even for cell level mobility.

Proposal 2: The secondary node delivers the intra-secondary node mobility (including PSCell change and SCell release/addition) related RRC messages via SCG SRB

The following open issue needs to be addressed in RAN2 and it’s relevant to the change of SgNB (3.5).
Agreements

FFS Whether the secondary node or master node triggers change of secondary node
As section 3.5 described, SgNB should handle NR measurement configuration and reporting to trigger the change of secondary node therefore we propose:

Proposal 3: The secondary node initiates the change of secondary node

For the change of SgNB operation, the master node has to be always involved e.g. for user path switch and security key derivation. Therefore SN RRC over MCG SRB makes more sense.

Proposal 4: The change of SgNB reconfiguration messages can be delivered over MCG SRB
By considering the NR mobility operations for EN-DC and the above proposals, the following principle should be applied for the EN-DC operations.
Proposal 5: SgNB handles all mobility and RRM for intra-NR to allow LTE not to need to understand NR mobility to minimize the impact on legacy LTE deployments, reduce the coupling between LTE and NR and allow NR mobility to evolve without constraints of LTE compatibility, e.g., within a CU/DU split deployment
5 Summary
This contribution discussed the RRC signaling options for EN-DC and EN-DC operations. We propose:
Observation 1: SN RRC over MCG SRB allows for the simplest implementation but is subject to backhaul delay

Observation 2: Direct SCG SRB has the best performance and most forwards compatible to URLLC but has a potential reliability issue.
Proposal 1: The master node delivers the secondary node addition reconfiguration message
Proposal 2: The secondary node delivers the intra-secondary node mobility (including PSCell change and SCell release/addition) related RRC messages over SCG SRB

Proposal 3: The secondary node initiates the change of secondary node
Proposal 4: The change of SgNB reconfiguration messages can be delivered over MCG SRB

Proposal 5: SgNB handles all mobility and RRM for intra-NR to allow LTE not to need to understand NR mobility to minimize the impact on legacy LTE deployments, reduce the coupling between LTE and NR and allow NR mobility to evolve without constraints of LTE compatibility, e.g., within a CU/DU split deployment
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