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1 Introduction
The topic of bearer harmonization for EN-DC as well as for NG-RAN dual connectivity has progressed further at RAN2#99bis, with the outcome covered in the incoming LS in R3-174275/R2-1712050. This document continues discussions started in R3-173947.
2 Current RAN2 assumptions

In RAN2 it has been agreed to allow a flexible mapping between the upper layers configuration (i.e. for PDCP/SDAP and bearer configuration) and the lower layers configuration (MCG/SCG configuration including RLC and MAC).

Basically, from a UE perspective, the actual location of the upper layer configuration is of no relevance, it could be hosted by either of the involved logical RAN nodes. RRC signalling is designed in a way to separate upper and lower layer configuration and hence allow a multitude of combinations of upper and lower layers to form what we called so far “bearer options”.

From the possible bearer options, which have been looked at so far in RAN3, and which have been captured in 37.340, namely the  
· “MCG bearer” which uses MCG radio resources only, with PDCP in the MN

· “SCG bearer” which uses SCG radio resources only, with PDCP in the SN

· “MCG split bearer”, which uses both, MCG and SCG radio resources, with PDCP in the MN and the

· “SCG split bearer”, which uses both, MCG and SCG radio resources, with PDCP in the SN,
two possible combinations are still missing, namely

· “SN terminated MCG bearer” which uses MCG resources only, with PDCP in the SN

· “MN terminated SCG bearer” which uses SCG resources only, with PDCP in the MN
From a pure RRC signalling (and hence UE) point of view, as upper and lower layer configuration are separated, only 3 types of bearer options exist (see also Figure 1):
· “MCG bearer” which uses MCG radio resources only

· “SCG bearer” which uses SCG radio resources only

· “split bearer”, which uses both, MCG and SCG radio resources
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Figure 1: 3 Types of MR-DC bearer options from UE point of view

Further agreements in RAN2:

· NR PDCP is used for all the NR related bearers and DC bearer configurations.
· For all bearers configured with NR PDCP it is possible to configure the UE to either use KeNB or S-KgNB as security key

The location of the PDCP entity is of no importance for the UE and might be located in any of the nodes.

Where these bearers are terminated, i.e. whether the MN or the SN hosts the NR PDCP entity is not important from the UEs perspective anymore, i.e. the UE will just use the key that is being configured from each bearer. 
From a RAN2 point of view it is fully supported to configure MCG radio resources for DRBs while the NR PDCP-U entity is hosted by the SN node using S-KeNB and SCG bearers being terminated in the MN node. Similarly, it is possible to support both SN and MN terminated bearers at the same time i.e. both SN terminated split bearers and MN terminated split bearers. 
3 Discussing RAN3 impacts

Answering RAN2
The incoming LS from RAN2 in R2-1712050 requests RAN3 to provide feedback on whether the new configurations allowed by the RRC signalling being introduced by RAN2 could be supported by RAN3 as part of the ongoing NR Work Item. If RAN3 agrees, then RAN2 will update RAN2 Stage 2 specs and Stage 3 RRC (inter-node messages) accordingly.
We have already shown at RAN3#97bis already that it is possible to support full flexibility w.r.t. combinations of higher and lower layer configurations in the RAN, see submitted stage 2/3 pCR. Those pCRs have been further developed and are submitted to RAN3#98 as well.

The motivation of supporting full flexibility for applying any kind of RRM strategy, optimised for any kind of backhaul deployment and migration strategy, e.g.
-
allocating the bearer termination point logically to the secondary node, while, initially using LTE resources only and switching to split bearer configuration when needed;

-
allocating the bearer termination point logically to the master node, 

In RAN3 it needs to be discussed how this should be modelled using X2/Xn signalling and in stage 2. Possible approaches that could be considered includes:

· The different termination points are explicitly modelled using different bearer types. E.g. SCG terminated split bearer.

· The PDCP termination and its associated GTP tunnels are separated from lower layer configuration e.g. what RAN2 would call the SCG and MCG configuration.

These two alternatives are further explored below.

Alternative 1: Using different bearer types on top of existing ones
In this case the MN node would signal to the SN node what bearer type is setup in the SN node. If the SN for instance signals SCG split bearer the SN node would allocate both a PDCP configuration (and associated UL/DL GTP TEIDs) and a lower layer configuration and provide this info back to the MN node which will signal it to the UE.

Potential issues with this model is that if we want to achieve the same level of flexibility as is possible over the radio interface the number of bearer types increases. The following bearer types need to be defined:
· SN terminated split bearer

· MN terminated split bearer

· MN terminated SCG bearer

· MN terminated MCG bearer (this would not be signalled over X2/Xn)

· SN terminated SCG bearer

· SN terminated MCG bearer
Another issue is the terminology. With the agreements in RAN2 the naming of the bearers using SCG/MCG is only related to which Cell Group is used over the radio, not in which node the actual bearer is terminated. For this reason it could be beneficial in RAN3 specs and Stage 2 to change the naming of bearer type as suggested above e.g. talk about where the bearer is terminated (MN or SN) and which radio interfaces should be used (MCG, SCG or split).
An alternative approach could be to simply not define any new bearer types and only use the existing bearer types agreed, namely MCG bearer, MCG split bearer, SCG split bearer and SCG bearer. The drawback with this however is that some from performance and signalling point important scenarios cannot be supported e.g. for EN-DC/NGEN-DC:
· Setup of MCG L2/L1 while NG-U terminates in a gNB (using NR PDCP and S-KeNB) to speed up the transition to EN-DC/NGEN-DC (either using SCG split or SCG bearer)

· Keep the termination point in the the Secondary gNB when the UE is moved back to the MCG L2/L1 resources only

· Possibility to setup the bearer in the MN wiht MCG L2/L1 and keeping the termination point in the MeNB when switching to SCG L2/L1 and by that avoiding PDCP re-establishment.

Observation 1 It is important to allow more flexibility at bearer type change by keeping the node hosting the (SDAP)/PDCP entity. This reduces path switch signalling towards the CN, Xn/X2 signalling and avoids re-establishment of PDCP.
Observation 2 It is possible to continue using different bearer types to support all scenarios supported over the radio interface (6 bearer types would be needed)
Observation 3 If such an approach would be adopted it would be beneficial to update the terminology to talk about termination point (MN/SN) and radios used separately (SCG/MCG/split). E.g. use “SN terminated split bearer” instead of “SCG split bearer” 
Alternative 2: Separate PDCP configuration from lower layer configuration
In this approach, terminology along the current bearer type definitions can be completely skipped in RAN3, instead the focus is on what is configured in the SN node during SN addition/modification. When the MN node initiates the SN addition it indicates 

· If PDCP should be configured in the SN
· If lower layer SCG resources should be provided
· If lower layer MCG resources are offered by the MN

Example “SN terminated split bearer”:

-
MN indicates to SN that both PDCP and SCG lower layers should be configured; further it indicates that MCG resources are offered, i.e. the PDCP layer at the SN should be connected to both SCG and MCG lower layers (GTP TEIDs needed). 

-
SN allocates PDCP and SCG lower layer configuration (separate IEs according to RAN2 agreement) and send them to the MN which will include them in the RRCConnectionReconfiguration message to the UE.

Example “SN terminated MCG bearer or LTE only bearer”:

· MN indicates to SN that PDCP should be configured and that the PDCP layer should be connected to lower layers in the MN (GTP TEID neeed). 

· SN generates PDCP and send it to the MN which will include it in the RRCConnectionReconfiguration message to the UE.

Example “MN terminated SCG bearer or split bearer”:

· MN indicates to SN that lower layers should be configured and that the lower layers should be connected to PDCP layer in the MN (GTP TEID needed). 

· SN generates lower layer configuration and send it to the MN which will include it in the RRCConnectionReconfiguration message to the UE.

A potential advantage with this approach is that we can support the full flexibility as defined over the radio interface while still making the X2/Xn signalling simple (limited to PDCP conf, and lower layer conf).
Observation 4 If the PDCP configuration is separate from the lower layer configuration it is possible to support all bearer combinations over X2/Xn by just indicating if PDCP configuration and/or lower layer configuration is needed and how the layers are connected to each other. 

4 Proposals

Proposal 1 It is proposed to focus RAN3 work on separate PDCP and lower layer configuration and move away from the different bearer types.

Proposal 2 If proposal 1 is not accepted it is proposed to specify all bearer types which can be supported over the radio interface and to align the terminology with RAN2 and discuss termination point (MN/SN) and radio interface used (MCG, SCG and split) separately. 

Proposal 3
It is further proposed to agree on respective changes for stage 2 and stage 3 in R3-174745 (37.340), R3-174746 (X2AP), (no TP for Xn)
5 Impact on stage 2 specification work (37.340)

Core of the proposed changes in R3-174745 is the definition of bearer types along the discussion above:

-
For MN terminated bearers, the user plane connection to the CN entity is terminated in the MN. For SN terminated bearers, the user plane connection to the CN entity is terminated in the SN. 

-
The transport of user plane data over the Uu either involves MCG or SCG resources or both. 

-
A bearer which only involves MCG resources is called an MCG bearer.

-
A bearer which only involves SCG resources is called an SCG bearer. 

-
A bearer for which both, MCG and SCG resources are involved, is called a split bearer. For split bearers PDCP data is transferred between the SN and the MN via the MN-SN user plane interface.
6
Impact on specification work in X2/XnAP
6.1
Categorisation of Bearer Options for DC

Recap the possible bearer options
· SN terminated split bearer

· MN terminated split bearer

· MN terminated SCG bearer

· MN terminated MCG bearer (this would not be signalled over X2/Xn)

· SN terminated SCG bearer

· SN terminated MCG bearer

Categorising those bearer options in terms of L2 entities residing in the Master or Secondary Node, i.e. along the presence of the PDCP entity or Lower Layers (RLC/MAC/PHY) gives the following:
	bearer type
	PDCP at MN
	PDCP at SN
	MCG LL resources
	SCG LL resources

	MN terminated split bearer
	(
	
	(
	(

	SN terminated split bearer
	
	(
	(
	(

	MN terminated MCG bearer
	(
	
	(
	

	SN terminated MCG bearer
	
	(
	(
	

	MN terminated SCG bearer
	(
	
	
	(

	SN terminated SCG bearer
	
	(
	
	(


Another depiction of the possible resource configurations is given in the picture below:
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Figure 1:
possible bearer types – NG-RAN
Note, that any of those configurations could exist in parallel for a UE, e.g. a DRB could be configured as an MN terminated MCG bearer, whereas another DRB is configured as an SN terminated split bearer. Current status of discussions on how and which bearer type changes are supported can be found in 36.340.

6.2
Details for X2AP BL CR update

This results in indicating the requested configuration of PDCP and LowerLayers:

The basic structure would look as follows (quasi reduced ASN.1 pseudo notation, w/o extensions and protocol/IE containers):
-
Key is the indication of the EN-DC-Resource Configuration in every applicable EN-DC message that deals with different bearer conigurations. I.e. the MN provides to the SN the following information
EN-DC-ResourceConfiguration ::= SEQUENCE {


pDCPatSgNB

ENUMERATED {present, not-present, ...}, -- presence of PDCP in SN

mCGresources
ENUMERATED {present, not-present, ...}, -- provision of MCG resources

sCGresources
ENUMERATED {present, not-present, ...}, -- requesting SCG resources
}

-
The Basic SgNB Addition Request message contains the list of to be added E-RABs:

SgNBAdditionRequest ::= SEQUENCE {


MeNB-UE-X2AP-ID,

SecurityCapabilities,

SgNBSecurityKey,

etc.,


E-RABs-ToBeAdded-SgNBAddReqList,

etc.

}

-
The E-RAB resource configuration is a choice between PDCP being configured in the SgNB:

E-RABs-ToBeAdded-SgNBAddReqList ::= SEQUENCE (SIZE(1..maxnoofBearers)) OF 


E-RABs-ToBeAdded-SgNBAddReq-Item ::= SEQUENCE {



E-RAB-ID,



EN-DC-ResourceConfiguration,



Resource-Configuration



CHOICE {




E-RABs-ToBeAdded-SgNB-PDCP-present,




E-RABs-ToBeAdded-SgNB-PDCP-not-present



}


}

-
For PDCP being configured in the SgNB, the MN indicates its offer of MCG resources and a DL TEID to connect the MCG resources to the PDCP entity in the SN:

E-RABs-ToBeAdded-SgNB-PDCP-present ::= SEQUENCE {


Full-E-RAB-Level-QoS-Parameters,


Max-MCG-admit-E-RAB-Level-QoS-Parameters
OPTIONAL –- if MCG offered,

DL-Forwarding







OPTIONAL,


MeNB-DL-GTP-TEIDatMCG





OPTIONAL –- if MCG offered






S1-UL-GTPtunnelEndpoint

}

-
For PDCP being not present at the SgNB, the MN indicates requested QoS and the UL TEID to connect the SCG with PDCP at the MN:

E-RABs-ToBeAdded-SgNBPDCPnotpresent ::= SEQUENCE {


scg-requested-E-RAB-Level-QoS-Parameters

E-RAB-Level-QoS-Parameters,


meNB-UL-GTP-TEIDatPDCP






GTPtunnelEndpoint,

}

6.2
Further improvements for more descriptive signalling

GTP-U tunnel establishment on X2/Xn and NG/S1

Current X2/Xn signalling specifications are not very explicit in terms of interconnecting L2 entities and providing RAN-CN UP connectivity.

A possibility would be to clearly describe 

· where an entity resides (Secondary or Master Node)

· which entity is to be connected (PDCP or Lower Layer)
· whether the Tunnel Endpoint is for UL or DL.

E.g. S-Node UL TEID @ PDCP, which may constitute a bidirectional GTP-U Tunnel with the M-Node DL TEID @ LL.
The following figure depicts the terms used in message definitions:
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- Full E-RAB Level QoS Parameters
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Figure 1:
Terms used in the updated X2AP BL CR

6.3
Security related aspects

37.340 currently states:

In EN-DC, for bearers configured with NR PDCP the network configures the UE with either KeNB or S-KgNB..

Theoretically, this would require changes in X2AP and probably later in XnAP, once SA2 confirmed the applicability for NGEN-DC. However, we do not expect implementations that would configure the MN’s key in PDCP entities hosted by the SN, so this has no effect from a network point of view.
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