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1. Introduction

Eight possible functional split options have been listed up to now in TR 38.801. In this contribution, we discuss about the number of split options that could be standardised. We provide also our view on the possibility to cascade function splits, and provide arguments about where the gNR scheduler could be located.
2. Discussion
2.1. Number of split options to be specified
There are various motivations to split the functions of a gNB into different locations, e.g. in central units (CU) and distributed units (DU). The salient ones are to authorise NFV/SDN, and the expected gain of the softwarisation; to allow the optimisation of radio resources thanks to function pooling; to ease gNB deployment thanks to smaller footprint of the distributed units; to be able to adapt the RAN architecture to TNL constraints considering in particular the throughput gNR could require.
Up to now, eight functional split options have been envisaged in TR 38.801 [1]. Flexibility is indeed a good to have feature, but it has to be balanced by the specification and inter-operability testing burden, as specifying a functional split comes with the definition of an interface between the two entities. In order to minimise the specification work, it is worth looking at what would be essential to have – at least at start. Hence we can think of:
1) One functional split at high level, allowing the aggregation of high level functions - typically non real time ones – and their softwarisation with NFV principles. This would target options 1 or 2, possibly 3.
2) One functional split at low level, minimising the DU footprint and allowing radio resource optimisation, at the cost of high requirements on TNL. Options 7 and 8 would fall into this category.

3) One "in the middle" functional split, still authorising radio resource optimisation but with relaxed constraints on transport network. 

Hence, the number of functional split options to be specified could be limited to 3.

2.2. Compatibility of the different split options
It seems interesting to have the possibility to combine different functional split options in one RAN deployment architecture. Indeed, as noted in [2], a RAN deployment could at the same time aggregate the high level functions of a large number of gNRs in a central office (CO), a kind of data centre; have central units regrouping radio-related gNR functions; and distributed units embedding the lowest level functions of gNRs, as depicted in Figure 1. This cascaded RAN deployment architecture could hence take full benefit of what functional splits could offer.
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Figure 1: Example of RAN deployment with cascaded functional split
A requirement to be included in the TR should then be that the cascaded architecture depicted in Figure 1 shall be supported.

2.3. The "in the middle" functional split option

As highlighted in section 2.1, a split option somewhere in the middle of the layers seems necessary. The question is where to split. [3] proposed to make the distinction between functions linked to radio conditions and those that are not. [4] prefers to make the distinction between non real time functions (RLC ARQ, RRC) and real time functions (HARQ, scheduler). The location of the scheduler appears to be a structuring choice. If it is placed in the distributed unit, then TNL constraints on transmission delay could be relaxed, but CoMP ad ICIC possibilities will be limited, leading to less efficient radio resource optimisation. If the scheduler is located in a more central location, with the PHY and perhaps the HARQ functions put in the distributed units, then full CoMP and ICIC features set can be considered, providing better radio resource optimisation. The cost to pay is on transport delay requirements, which remains high - in the order of the TTI -, but TNL bandwidth constraint is relaxed compared to what functional split options at the PHY layer, like today's CPRI, would require.
With the cascaded functional split depicted in section 2.2, non-real time functions could be located in the central office (split options 1 or 2).  The scheduler could be placed in central units (split options 4 or 5), the remaining lower layers functions being scattered in the distributed units.
3. Conclusion

In this contribution, we discussed about the number of functional split options and propose:
- That the number of functional split options to be standardised is limited to 3,

- That cascaded functional split options shall be supported.

Relative Text Proposals for TR 38.801 are provided hereafter.

In addition, we highlighted that scheduler location is a structuring choice, and that having it in a central position allows better radio resource optimisation, while lowering bandwidth requirements put on TNL.
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5. Text Proposal

---- Start of text proposal 1-----------------------------
6.1.2.2
Architectural and specification aspects

6.1.2.3.1
Number of split options

Different split options allows adapting to various network architectures, but such flexibility has to be balanced by the amount of specification work each split option would require. Hence, the number of split options should be limited, and this maximum number could be set to 3: One functional split at high level, allowing the aggregation of high level functions, one at low level, minimising the Distributed Unit footprint and allowing radio resource optimisation, and one in the middle, still authorising radio resource optimisation but with relaxed constraints on transport network.

---- End of text proposal 1-----------------------------

---- Start of text proposal 2-----------------------------

6.1.2.2
Architectural and specification aspects

6.1.2.3.2
Cascaded functional splits support

Different split options should be able to co-exist in a RAN deployment, authorising the support of cascaded functional splits as depicted in Figure 6.1.2.3.2-1
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6.1.2.3.2-1: Cascaded functional splits.
---- End of text proposal 2-----------------------------
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