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Proposal for RAN Functional Split
Introduction

In this contribution, we present our view on the RAN functional split and discuss a number of High and Low split options that could be practical for deployment.
The purpose of this contribution is to narrow down the choice of functional split options and concentrate on option or options which are practical for network deployment.
Furthermore, we re-iterate the need for a separate Control and User Planes in the design of the new RAN architecture.
The functional split options as presented in TR 38.801[1] is shown in the following figure: 


Figure 1 Function Split between Central and Distributed Unit
Although considerable discussion has taken place on various split options, never the less, we believe that it is unpractical, from engineering perspective, to have many different options: in our view having too many options dilutes the RAN3 efforts and reduces the technical concentrations on few practical solutions. Furthermore, too many options, makes the network engineering much more difficult.
Therefore, we present two options for the user plane that we believe could work and should be standardised. We also propose that control plane and user plane should be separated.
Proposed User Plane Functional Splits to Standardise
High-Split
We propose that a split is introduced between RLC-PDCP layer, with PDCP protocols and functions residing at the CU, and, RLC and lower functions at DU. This is referred to option 2 in the functional split diagram. See the following figure.


[image: ]
Figure 2 High Split Option 2 
In our view Option 2 provides:
· Flexibility of utilising Dual Connectivity Architecture as developed for the LTE-A 
· [bookmark: _GoBack]A common architecture for UE using LTE and 5G dual connectivity  
· Scalability in terms of the transport network resources
· Avoids tromboning of data between DUs when using inter-site Dual Connectivity 
· Allows centralized termination of security protocols and allows RRC to have more natural visibility and control of surrounding sites. 
· Transmission latencies and bandwidth which will not impose heavy requirements on the transport network architecture and dimensioning

Low-Split
A low layer split in general has the following benefits:
· Makes greater use of centralisation of RAN functionalities where most critical functions are located in centralised unit, leaving RF and possibly some physical layer functionalities at the DU. 
· With concentration of RAN functionalities at CU, the operator has greater control of the baseband processing and allows for easy maintenance of the active modules. 
In principle, moving as much as possible of the radio protocol functionality into the CU would maximise the above benefits. ETSI ORI has defined an open interface standard for LTE/UMTS/GSM, which considers an option 8 split, and in principle it seems possible to update this to allow for NR operation. 
However, with removal of RAN functional blocks from the DU, greater emphasis is placed on transport network capacity and performance, such as throughput and latencies, which cannot be overlooked. The main issue we see with option 8 in a centralised topology with a very large transport network capacity requirement (especially with Massive MIMO and the use of multiple, wide frequency bands per base station site). On the other hand, we see Option 8 as a valid option when CU and DU are in the same site.
Currently deployed low-cost optical fibre access network standards such as Gigabit PON [2] provide 2.5 Gbit/s over up to 20 km. Two new standards have increased this capacity: 10 Gigabit PON (XGS-PON) [3] has 4 times the rate of GPON and Next Generation PON2 (NG-PON2) [4] permits a further 4-8 times the capacity of XGS-PON, i.e. 40-80 Gbit/s.
Annex A of TR 38.801 v1.0.0 shows that the current option 7b and 7c require about 40% of the bandwidth of option 8. This bandwidth requirement is still too extreme to be useful. Note that Annex A seems to describe only (part of) one sector of what may frequently be a three-sector site, hence the fronthaul transmission requirements for the operator may be much greater than indicated in Annex A.
All variants of option 7 will be complex to specify (while option 8 has been proven to be simple). Hence any variant of option 7 that is worth standardising must deliver at least about 90% reduction of the bandwidth required by option 8. 
As a consequence, we believe that Option 7a seems most promising [5]. This is depicted in the following figure. 
[image: ]
Figure 3 Low Split Option 7a 
 Control and User Plane Separation
In our view, the separation of control and user plane should be supported. This allows their independent evolution and scalability, and aligns with established 3GPP practice for 4G (EPS) and the ongoing 5G architecture work. To date much discussion has been presented on the functional split which is aimed at the User Plane (UP), however very little has been presented on how control and user plane separation would be implemented in a split RAN architecture.
Taking Option 2 as an example, in our view the control and user planes should be separated at the RLC functional block into PDCP-U for the user plane and PDCP-C for the control planes [6].
In turn this requires the specification of a control interface from the unit implementing the base station’s RRM functionality (for multiple UEs) and the UE’s RRC protocol, and, the unit implementing that UE’s PDCP-U.
Advantages of control and user plane separation are:
a) Allows different PDCP-U locations for different UEs and/or different bearers of one UE. This e.g. permits local breakout of some bearers either at the base station site or at some point of transmission infrastructure in between base station and large-centralised PDCP-U;
b) Allows existing multi-UE RRM logic to be retained in existing base stations but inter-site dual connectivity with a 5G cell to be introduced with remote PDCP-U (thereby avoiding data tromboning of the data sent on 5G through the 4G cell) 
c) As one option, allows future centralised, virtualised RRM to cover larger geographic areas than one PDCP-U unit can handle (i.e. independent scalability of control and user plane)
d) As a different option, keep RRM very ‘radio aware’ with RRC/RRM in the base station site, but, by placing the PDCP-U functionality deep in the network the S1-U style high capacity/high speed IPSec GW can be avoided for that traffic.
e) Allows independent evolution of control and user plane (e.g. introduction of new user plane encryption algorithms for all or a subset of users).
Different variants of this separation are illustrated in the following figure:
[image: ]
Figure 4 User and Control Plane Separation for Option 2
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Figure 5 An alternative approach to Control and User Planes separation for Option 2 
Proposal
In our view RAN3 should concentrates its efforts on standardising only 2 user plane functional split:
1- High Split such as PDCP-RLC split, Option 2
2- Low Split such as High PHY-Low PHY split, Option 7a
While ensuring that control and user planes are separated (to align with the, well established, EPS and 5G-system architecture design principles), in turn this requires the specification of a control interface from the unit implementing the RRC protocol/RRM functionality and the unit implementing PDCP-U.
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