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1 Introduction

At the last NR ad hoc RAN3 had long discussions on the topic of RAN split architectures.
The following table of potential standardization outcomes was produced during the meeting:

	Option 
	High Layer Split
	Low Layer Split

	A)
	No specification 
	No specification 

	B)
	Stage 2 Only- single option
	No specification 

	B2)
	Stage 2 2options  2-1&3-1
	No specification 

	C)
	Stage 2 Only- single option
	Stage 2 Only

	C2)
	Stage 2 2options  2-1&3-1
	Stage 2 Only

	D)
	Stage 2 and Stage 3 (one option)
	No Specification 

	E)
	Stage 2 and Stage 3 (one option)
	Stage 2 Only

	E2)
	Stage 2 and Stage 3 2options  2-1&3-1
	Stage 2 Only 

	F)
	Stage 2 and Stage 3 (one option)
	Stage 2 plus hooks in procedures used in both splits 

	G)
	Stage 2 and Stage 3 (one option)
	Stage 2 plus as much Stage 3 as possible 

	H)
	Stage 2 and Stage 3 (one option)
	Stage 2 and Stage 3 (one option)


At the end of the meeting the outcomes favoured by Operators were identified in row G and H, while the outcomes favoured by vendors were identified in row A, B and B2.

A number of possible options are available for a compromise that would allow to conclude the discussion on RAN split architecture and to close the SI on 5G networks. This paper discusses a possible way forward for such compromise.
2 General Observations
In current 3G and 4G networks, spectrum is a valuable resource. Apart from being a limited natural resource, operators typically pay significant amount of money to get access to spectrum. For an operator, spectrum can typically be around 20% cost of the RAN cost per subscriber and year.
So far the industry has handled that matter by a business model in where an efficient usage of this valuable resource has been optimized. This optimization is built on one fundamental principle: that all stakeholders in the value chain can innovate for the better to the whole eco-system.

For example: 

· Vendors can offer better and better performing systems (performance is here mentioned with a wide scope, i.e. peak bit rate, system capacity, latency, energy efficiency, bits/Hz, …) within the scope of a specific standard release.

· Operators can proactively dimension, plan, deploy and tune the system into an operation suited for the particular business strategy.

· Standards are in a constant evolution, allowing new performance enhancing features to be added and incorporated into the system.

Observation 1: Any standards shall help industry innovation and competitiveness for better performance systems, which should be based on technical discussion and evaluation.

History is a valuable treasure to be taken into account. There were several rounds of discussions on the splitting of the RAN node starting from the birth of mobile networks. It was noted that the Iub interface between NodeB and RNC was fully open and supposed to be interoperable. However, the truth is that it was not workable in multi-vendor cases. The reason for this is not that technology was not ready for that architecture. The main reason is that a split between MAC/PHY is delay sensitive, which requires considerable coordination and the exact same processes on both sides of the interface. Examples of such processes are scheduling coordination, UL/DL power control, where the RNC-NB connection is not sufficiently performing. In these cases it is very difficult to make the Iub operate in an efficient way. Therefore, considering tighter time constrains for LTE, it was a wise decision in the study of LTE to select the most flexible distributed architecture to allow the vendor innovation to adapt to different use cases. This also made LTE more successful than UMTS. 

In NR, the design target is not only for eMBB, but also for URLLC and mMTC. The time constrains become more and more stringent comparing to LTE especially with lower layer splits. Unfortunately, tighter communication is needed, while a perfectly coordinated system-wide algorithm design is required. Therefore, the real technical obstacles for standardization of RAN internal split are still the same, which are elaborated in another contribution. These obstacles are not supposed to be rushed and resolved in a short time interval.

In the meantime, the design of 5G RAN has already started and will continue to develop NR protocols based on their unique innovative solutions developed also thanks to years of research investments. It would indeed be unrealistic to think that a whole new telecommunication system such as the 5G RAN can be built within the course of a few months (i.e. the course of a 3GPP release).
Observation 2: It was impossible in the past to conquer the obstacles of low layer split RAN architectures especially intra-PHY split. Such obstacles should not be tackled in a short time interval.

For higher layer split e.g. option 2 or option 3, some work has been carried out already in LTE, i.e. Dual Connectivity for small cell deployment. Therefore, a good amount of work has already been done in the area of high layer splits. Said that, it has to be noted that although the X2 interface today is working in a multi-vendor fashion, there are typically no real deployments in where eNBs from different vendors are mixed in the same geographical area. That should make it clear that coordination at high layers is also not simple and challenging. 

However, the technical discussion on high layer splits is more mature. There were already some interaction between RAN2 and RAN3 to understand the detailed design of different higher layer split options. In order to develop high layer split options we can use the experience gained in LTE DC.

In conclusion, given the new technology trends aiming at virtualisation of parts of the RAN processes, it is worth studying different possibilities for a centralised RAN architecture. 
For low layer RAN splits it is believed that the challenges are still unresolved. Moreover, work on the PHY and MAC layers for NR has not even started in 3GPP, so it would be very difficult to work on a functional split of such protocols and still produce a robust and valid standard.
While there are technical challenges in achieving high layer split options that can work efficiently and robustly it is believed that the technical maturity of discussions on high layer splits makes it worth to attempt standardisation work.  
Observation 3: Considering the LTE DC and LTE-NR DC design, the higher layer split is more mature for some level of standardization work.

3 Possible way forward
The clock is ticking for the completion of the 5G Release 15 plan. We need to have both non-standalone and standalone systems ready in a short release, with only 12 to 15 months. Considering the maturity of the discussion and in the spirit of compromise, we propose the following WF:
Proposal: in order to reach a conclusion within the 5G RAN study for the topic of RAN split architectures, and to be able to start normative work, it is proposed to agree to leave the specification of low layer split options out of Release 15, and to discuss on the level of standardization details of higher layer split options in Release 15.

4 Conclusion
In this paper general observations on the effect of splitting the RAN are made. These lead to the following 

Observation 1: Any standards shall help industry innovation and competitiveness for better performance systems, which should be based on technical discussion and evaluation.

Observation 2: It was impossible in the past to conquer the obstacles of low layer split RAN architectures especially intra-PHY split. Such obstacles should not be tackled in a short time interval.

Observation 3: Considering the LTE DC and LTE-NR DC design, the higher layer split is more mature for some level of standardization work.

In this paper an explanation of the proposals presented by a number of vendors as part of the RAN split architectures discussion is provided. The paper focuses on the reasons why such proposals are made and indicates the areas where there could be more room for standardization as well as those areas where standardization is believed not to be mature. The paper proposes the following:
Proposal: in order to reach a conclusion within the 5G RAN study for the topic of RAN split architectures, and to be able to start normative work, it is proposed to agree to leave the specification of low layer split options out of Release 15, and to discuss on the level of standardization details of higher layer split options in Release 15.
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