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1. Introduction

In past meetings Low Layer Split architectures have been studied. Discussions have focussed on details relative to distribution of functions across a CU and DU entity, as well as what information could be exchanged over a possible interface between such entities. However, discussions so far have not tackled the full scope and applicability of the split architectures in question. This paper provides a first overview of areas where further analysis would be needed to evaluate the scope of this study.
2. Scope and applicability of LLS Architectures
The NG RAN is a system formed by multiple types of radio accesses. The main value added of the NG RAN is the ability to make simultaneous and coordinated use of heterogeneous radio accesses.
For example, the NG RAN could serve a user by combining radio transmission from: 

· High frequency bands and low frequency bands

· NR radio and LTE radio

· Radios with numerous and multiple transmission points and radios with few/single transmission points

· Existing radio architecture systems, e.g. CPRI based, and new architecture systems, e.g. eCPRI based
· Macro base stations, Pico base stations, Master node and Secondary node
In addition:

· The NG RAN is assumed to serve heterogeneous types of sliced services, where for each device a dedicated radio configuration might be needed

· The above scenarios need to be supported by an opportune transport network, which needs to ensure coordinated and synchronised delivery of radio traffic to the UE.

It appears that the discussion on LLS so far has only looked at a very small range of the overall scenarios that may apply to LLS architectures, i.e. the discussion focussed on NR single connectivity via homogeneous radio. However, to study the case of LLS architecture in a holistic way more cases should be considered.
Conclusion 1: The Study on LLS should look at all possible cases of multi connectivity, variety of end user devices to be served and transport networks deployed to support the system
3
Technical analysis of supported use cases

It is rather difficult to choose which aspect out of the scenarios mentioned in section 2 one should start from. Perhaps, a good starting point would be the scenario where a UE is served by radio links in multiple bands. 

A typical use case would in fact be that the UE is served by radio links over a high frequency band and other radio links over a low frequency band. Such frequency bands may be supported by the same DU (or by different DUs). 

It is a known fact that digital beamforming and AAS are functions that provide enormous value added at high frequency bands, due to the directionality of radio transmission, which makes beamforming very effective. On the contrary, low frequency bands are used for wider coverage, where, rather than beams, sectors are used. 
It is therefore plausible that a design may adopt digital beamforming, AAS solutions and a LLS architecture for high frequency bands, while using sectorisation and legacy architectures (e.g. CPRI based) for low frequency bands. This implies that there could be cases where the same UE is served via DRBs over a LLS architecture and DRBs over a non-split LLS architecture. A practical reason to justify this could be that legacy radio needs to be reused for low frequency carriers, while new, updated radios can be used for high frequency carriers using digital beamforming.
The above can be also applied to scenarios where very tight coordination is needed. For example, scenarios where carrier aggregation is enabled between such high band and low band frequencies.

In the figure below the scenario described is pictured.
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Figure 1: Example of different architecture usage to serve same UE. It applies to Multi-connectivity or CA
It seems evident that to make functions such as CA work in the scenario shown in Figure 1 the CU would need to have full knowledge of all information at PHY level. This is due to various reasons, but a bluntly evident one is that the CU needs to understand PHY channel conditions and ACK/NACK status of data traffic delivered in order to correctly coordinate traffic delivery across the multiple links. Another reason may be that the CU would need to know detailed information about the beams serving the UE, for coordination of scheduling of UEs in MU MIMO. It is unclear how a LLS architecture would be able to interwork in such case.

Conclusion 2: The Study on LLS should address how LLS architectures can operate in cases where interworking between carriers using LLS and carriers not using LLS are used to serve the same UE
When looking at the scenario in Figure 1 it is possible to derive another use case, not necessarily linked to frequency bands. It is in fact common knowledge that the more antenna points a radio supports, the more beneficial it is to apply de-centralisation of some low layer functions. Following the same logic, there is reduced benefit in applying de-centralisation of low layer functions if a radio supports few antenna points. It is also acknowledged that a DU can support multiple radios. 
It is therefore plausible to adopt a LLS architecture for radios with numerous antennae, while to retain non split architectures for radios with few antennae (e.g. legacy radios). Again, one would find himself in a scenario where a UE is served by multiple radios, each supporting a different LLS architecture. The same problem highlighted in Conclusion 2 would apply.

Conclusion 3: The Study on LLS should address how LLS architectures can operate in cases where interworking between radios using LLS and radios not using LLS are used to serve the same UE
One other interesting scenario is where E-UTRA and NR are used within the same carrier. This is indeed a scenario where support is demanded at present and it is a fundamental element of E-UTRA/NR interworking. In such system, the same carrier is used for NR and E-UTRA in a TDM shared fashion. Some TTIs would be used by NR and some by E-UTRA. 

The benefits of such a deployment are that the same radio can be used for NR and E-UTRA. Indeed, the real benefit would be to reuse the same DU and CU for both E-UTRA and NR. Therefore, it should be studied how it is possible to enable use of E-UTRA and NR over the same carrier if the NR stack is subject to LLS. 
Conclusion 4: The Study on LLS should address how the use of E-UTRA and NR can be enabled using a LLS architecture over a shared carrier 

The latter scenario should be considered also in light of the fact that E-UTRA may follow a CPRI based architecture, while NR may follow an eCPRI based architecture. It is therefore evident that coordination is needed between the two systems in question, using the same carrier and using different low layer architectures. This can be generalised with the following conclusion.

Conclusion 5: The Study on LLS should address how systems using different low layer architectures, e.g. CPRI and eCPRI based, can be coordinated, for example when sharing the same carrier

Another aspect that has not been considered in the study on LLS so far concerns the transport infrastructure and scenarios where radio links over different radio architectures are used to serve the same UE. Let’s take as an example the scenario in Figure 2. In such scenario two TRPs are serving the UE, e.g. with CA configuration, each adopting different low layer architectures. For example, TRP1 could be based on a CPRI architecture and TRP2 could be based on one of the possible LLS architectures. However, given that control and user data information need to be received in a timely and synchronised way by the CU and by both DUs, it is necessary that a scheduling function is instantiated at TNL level. This is because the transport interface characteristics for each DU are drastically different. The interfaces are subject to different throughputs and different end to end delays and jitters.  To enable the UE to receive the right information at the right time careful traffic scheduling across such heterogeneous transports is essential.
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Figure 2: TNL scheduling needs for use of different low layer architectures

Conclusion 6: The Study on LLS should address how to guarantee timely and synchronised delivery of control and data traffic over different DUs adopting different low layer architectures and serving the same UE

4
Conclusions
In this paper the authors have opened the horizon of scope and scenarios analysis for LLS architectures. Some fundamental scenarios have been presented, without support of which the success of the NG RAN would be greatly compromised. 

The paper has highlighted that so far the study on LLS architectures has focussed only on a very narrow study case. This has dangerous consequences, because the omission from the study of other scenarios would incur in erroneous technical conclusions on how LLS architectures could be supported. 

In order to ensure a full analysis of LLS architectures the following is concluded:

Conclusion 1: The Study on LLS should look at all possible cases of multi connectivity, variety of end user devices to be served and transport networks deployed to support the system
Conclusion 2: The Study on LLS should address how LLS architectures can operate in cases where interworking between carriers using LLS and carriers not using LLS are used to serve the same UE
Conclusion 3: The Study on LLS should address how LLS architectures can operate in cases where interworking between radios using LLS and radios not using LLS are used to serve the same UE
Conclusion 4: The Study on LLS should address how it can be enabled use of E-UTRA and NR using a LLS architecture over a shared carrier 

Conclusion 5: The Study on LLS should address how systems using different low layer architectures, e.g. CPRI and eCPRI based, can be coordinated, for example when sharing the same carrier

Conclusion 6: The Study on LLS should address how to guarantee timely and synchronised delivery of control and data traffic over different DUs adopting different low layer architectures and serving the same UE

RAN3 should also consider that the list of scenarios highlighted in this paper is non-exhaustive. It is suggested that RAN3 discusses whether other scenarios should be considered and analysed
Conclusion 7: RAN3 is encouraged to discuss other potential scenarios that need to be analysed in order to achieve full analysis of how to enable LLS architectures 
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