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1	Introduction
[bookmark: _GoBack]In the context of New Radio, some improvement of Layer 2 for User Plane can be achieved. One of the area is the Network Convergence Sublayer that would replace the PDCP sublayer of LTE. In this contribution we present some basic requirements and principles that should apply to this sublayer. 
2	NCS Architecture and functions
In LTE, the user-plane data is convoyed to UTRAN from Core Network by S1 Bearers that are mapped to Data Radio Bearer (1:1 mapping). The QoS is handled per Bearer ([1],[2]). 
As proposed in [3], in NR the concept of Bearer between CN and RAN and the associated Radio Bearer is not-reused in NR for the following reasons:
-	EPC policies are enforced per bearer. To differentiate a given application or service, a dedicated bearer needs to be established. However, the end-to-end signalling procedures for establishing an e2e bearer are slow. Furthermore the signalling overhead incurred to establish a dedicated bearer is too high
-	Many deployments use only very few QCI values for non GBR traffic (QCI 8 and 9) leaving to actually no other traffic differentiation than usage of APN-AMBR. Traffic differentiation using APN-AMBR supports differentiation between users, not differentiation between flows of a user.
-	Service awareness is not assumed in the RAN: even if service awareness in the RAN would allow a better handling of the flows (for example video is better served when quality variations are not too high).
For this reason it is assumed that a NG1-U Connection will carry traffic with different QoS. For example, for a voice call, a NG1-U Connection can carry the signalling as well as the voice packets. 
Furthermore, it is expected that there will be several NG1-U Connections in order to serve different services or communication type. For example a NG1-U Connection carrying IP traffic, and NG1-U Connection carrying non IP traffic.
In this contribution we propose an architecture of Network Convergence Sublayer (NCS) Sublayer that replaces PDCP sublayer of E-UTRA and allows such framework. The focus is on the User Plane data handling, the Control Plane part, signalling and configuration is not covered.
The assumption is that the CN will deliver to RAN a set of NG1-U Connections. Within each NG1-U Connection, different sub flows are present, each one with a possible different QoS. In the Network side, all the PDUs arrive in the NG-NB from CN and are treated in the NCS. There can be different ways to implement such scheme, but for the purpose of this contribution, we can only assume that a NG1-U Connection transports different traffic flow with different QoS needs and this will be indicated to RAN. Some further information could be added inside the Radio Access Network (for example Content requirement Awareness Functions (CAF). We can assume that it can be done at packet level. 
Figure 1 shows the internal split of NCS sublayer. The first function of NCS will be to distribute the PDUs into different RSF (Radio Sub Flow), according to the QoS information associated with the PDU. The second function will be to handle the RSF.
In UE for DL, there is a priori no need to know the NG1-U and their mapping to RSF: RAN can be in charge of managing the RSF and UE will deliver the data to higher layers. In UL, the UE will need to split the data flow from NAS into the RSFs based on information attached to the received PDU. This task is already done in the UE in LTE with the use of TFT ([4]).


[bookmark: _Ref449600500]Figure 1: NCS internal architecture
Proposal 1: NCS sub layer can split the data flow from NAS into Radio Sub Flows, based on sub flow/QoS indication associated with the PDUs.
Each RSF is then handled separately in a NCS sub-entity in a similar way as Data Radio Bearer in LTE. The allocation of SN will be done at this level, so that different QoS can be handled within a NG1-U Connection. Indeed, the SN allocation imply that all the PDU with the same numbering scheme will be delivered in order or at least within a SN window, preventing any QoS differentiation.
Proposal 2: Sequence number is allocated at Radio Sub Flow level.



[bookmark: _Ref449600685]Figure 2: Handling of RSF

Figure 2 shows more details about the functions of NCS for RSF. It includes the functions that were performed for a Radio Bearer in LTE:
-	Ciphering;
-	Integrity protection;
-	Header compression;
-	Reordering.
Proposal 3: Ciphering, integrity protection, header compression, reordering is performed per Radio Sub Flow.
3	Multi-connectivity and mobility
3.1	Multi-Connectivity 
LTE supported Dual Connectivity, it is natural that NR supports an extension that is called multi-connectivity in this contribution, because the number of involved radio links could be more than two. We give a more detailed description of it in [4].
As there could be several ways to have multiple connection to the UE (e.g. COMP, CA etc), we call the extension of multi connectivity “NCS based multi connectivity” because, as in LTE for DC, NCS could be the anchor.
Note that the proposed architecture for NCS does not preclude any lower layer architecture (RCS, MAC etc.)
Proposal 4: NCS based multi-connectivity is supported in NR.
Figure 3 illustrates the routing and / or duplication function that is added in NCS in order to support NCS based multi-connectivity. 



[bookmark: _Ref449601265]Figure 3: NCS based multi-connectivity
Figure 4 shows example of NCS based multi-connectivity operation.


[bookmark: _Ref449601330]Figure 4: NCS based inter NG-NB multi-connectivity
In the previous generation (LTE) Dual Connectivity was limited to AM mode ([6]). We think that there is no reason to restrict it for NR and thus, we have the following proposal:
Proposal 5: NCS based multi-connectivity can support both UM and AM traffic.
Some contribution were proposed to support this for PDCP ([7])
Furthermore we think that the location of NCS in the network should be flexible: it could be relocated to another NG-NB in a flexible manner.
3.2	Mobility
In LTE, the mobility for the user plane is handled at Radio Bearer level. In our proposal, the SN allocation is performed at RSF level, it makes sense to do the relocation at this level, in order to guaranty for example lossless relocation.
Proposal 6: Upon NCS relocation, the relocation is performed per Radio Sub Flow.
All the RSF of a NG1-U Connection should be relocated at the same time, because all come from the same connection (NG1-U Connection) to the core network.
The RRC of the target NG-NB will configure NCS in the target cell so that it can continue to perform the function of RSF distribution.
4	Security
In LTE, the ciphering and integrity protection keys are defined per eNB. All the radio bearers belonging to one UE and a given eNB share the same key for ciphering and/or integrity protection.
In 5G in the context of Cloud Networking: operators may want to terminate different NG1-U Connections of one UE at different locations, which may not be within a single security domain. So the associated NCS entities could be located in different security domains and should therefore not share keys.
For this reasons it would be beneficial to have more flexibility in the 5G AS key hierarchy: keys for ciphering and integrity protection should be allocated at a smaller granularity than only per NG-NB.
Proposal 7: The handling of security key should be more flexible than in LTE.
5	Conclusion
In this contribution, we have proposed a structure of NCS layer that would support some principles that will be introduced in NR. For this we have made the following proposals:
Proposal 1: NCS sub layer can split the data flow from NAS into Radio Sub Flows, based on sub flow/QoS indication associated with the PDUs.
Proposal 2: Sequence number is allocated at Radio Sub Flow level.
Proposal 3: Ciphering, Integrity protection, header compression, reordering is performed per Radio Sub Flow.
Proposal 4: NCS based multi-connectivity is supported in NR.
Proposal 5: NCS based multi-connectivity can support both UM and AM traffic.
Proposal 6: Upon NCS relocation, the relocation is performed per Radio Sub Flow.
Proposal 7: The handling of security key should be more flexible that in LTE

References
[1] 3GPP TS 36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN);Overall description; Stage 2
[2] 3GPP TS 23.401, General Packet Radio Service (GPRS) enhancements for  Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access
[3] R3-160736, RAN QoS Framework, Nokia, Alcatel-Lucent Shanghai Bell
[4] 3GPP TS 24.301, Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3
[5] R2-163687, Multi-connectivity in standalone NR, Nokia, Alcatel-Lucent Shanghai Bell 
[6] R2-141854, Report of 3GPP TSG RAN WG2 meeting #85, held in Prague, Czech Republic
[7] [bookmark: _Ref450815010]R2-140407, Assumptions to base reordering at PDCP, NSN, Nokia Corporation
image1.emf
Radio sub-flow

RSF distribution

RCS Queues

NG1-U 

Connection

RSF 

Handling

RSF 

distribution/ 

merge

RSF merge


oleObject1.bin
�

Text


RSF merge


Radio sub-flow


RSF Handling


NG1-U Connection


RSF distribution


RCS Queues


RSF distribution/ merge



image2.emf
Radio sub-flow

RCS Queues

NG1-U 

Connection

RSF 

Handling

RSF 

distribution/ 

merge

ROHC

Security

Reordering

RSF distribution

ROHC

Security

Reordering

RSF merge

ROHC

Security

Reordering

ROHC

Security

Reordering


oleObject2.bin
�

Text


RSF merge


Radio sub-flow


RSF Handling


NG1-U Connection


RSF distribution


RCS Queues


RSF distribution/ merge


Security


ROHC


Reordering


Security


ROHC


Reordering


Security


ROHC


Reordering


Security


ROHC


Reordering



image3.emf
Radio sub-flow

RCS Queues

NG1-U 

Connection

RSF 

Handling

RSF 

distribution/ 

merge

RSF distribution

RSF merge

Routing and/or 

duplic

ation

Reordering

Security

ROHC

ROHC

Security

Reordering

ROHC

Security

Reordering

Routing and/or 

duplic

ation

Reordering

Security

ROHC


oleObject3.bin
�

Text


RSF merge


Radio sub-flow


Security


ROHC


Reordering


RSF Handling


Routing and/or duplication


NG1-U Connection


RSF distribution


RCS Queues


RSF distribution/ merge


Security


ROHC


Reordering


Security


ROHC


Reordering


Security


ROHC


Reordering


Routing and/or duplication



image4.emf
NG-NB

NCS

NG-NB

NCS

Core Network


oleObject4.bin
�

Text


NG-NB


NG-NB


NCS


NCS


Core Network



