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1   Introduction

RAN3#91bis endorsed content being captured in [1] to list options and possibilities for the New Radio NR interface.
Based on content of [1] we would like to share some practical considerations from an operator viewpoint with the aim to aid the discussions to find reasonable functional split options between central and distributed unit for the NR.

We also propose text for 3GPP TR 38.801 to aid the decision finding process on a reasonable functional split between central and distributed unit.
In general it should be noted that these consideration equally would apply for any functional split design being considered also for LTE.

2   Discussion
As captured in [1] Annex B1, there are various options from a pure protocol point of view for a possible split to between a between central and distributed unit.
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Figure D.1-1: Function Split between central and distributed unit

Of course any decision on a protocol split need to be taken in accordance with 3GPP RAN2. However, we would like to add some guidance from RAN3 and an operator deployment point of view. 
The diagram above focuses on the user plane functions. The only control plane function shown is RRC, although other RRM functions need to be considered. Whilst it is acknowledged that there will be some inter-dependencies between user plane and control plane functional split options, it is proposed at this stage to decouple the user plane and control plane function split options to avoid the complication of many different combination options. It is therefore proposed to remove Option 1 and revisit the control plane split options, considering also interdependencies with the user plane split options, when the required RRM functions are better defined and stable in cooperation with RAN2.
As a starting point for the user plane, we would like to refer to the deployment topology presented in [1] (Fig. 5.3-1), which lists several options for potential radio access splits between a central unit and the distributed units.
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Figure 5.3-1: Centralized baseband deployments (high performance transport)

When considering the different user plane functional split options the following transport / fronthaul performance requirements need to be compared against the capabilities offered by those splits:

1.) Transport latency requirements.
2.) Transport bandwidth, which is another practical aspect already discussed and considered in 3GPP TR 38.801.  The support of up to 1GHz system bandwidth, and up to 256 antennas lead to a very bandwidth demanding front haul, if it’s based on current split (CPRI).  Operators are seeking solutions to reduce this bandwidth demand, specifically if C-RAN/Cloud RAN deployments are considered.
3.) Jitter - required frequency accuracy between radio unit clock and central unit clock
Note however that the transport latency requirement may itself depends upon the user plane latency requirement of the usage/service scenario. In TR 38.913, the one way user plane latency for eMBB has been agreed as <4ms, while for URLLC the figure is <0.5ms on average, and <1ms with 99.999% reliability.
The latency requirements determine the possible distance between the distributed units and the central units. Even if fibre is considered as transport medium, the max. distance to achieve the lower URLCC latency requirement would be in the order of 10-15km. It would become even lower if it’s e.g. a switched fibre (no direct connection), which would inject additional latency (and jitter) by the used equipment. This has significant impact on the aggregation network architecture and the placement of the centralized functions.
On the other hand, the different functional split options offer different features for inter-site cooperation and aggregation as more of the functions are centralised, e.g.  Joint Reception when some of the PHY functions are centralized.     
We think it would be beneficial and helpful for the decision making process on the user plane functional split between central and distributed unit, to capture in a table the transport requirements and features supported for the different options. 
Just as an example table is given below for eMBB. Please note, these figures are first numbers to start the discussion, based upon LTE. For 5G NR the numbers will need adjustment, e.g. the latency values would need to be added considers an appropriate 5G NR numerology and frame design. Other tables maybe added later to cover feasible options for larger bandwidth carriers with higher order MIMO, and a URLLC usage scenario with an lower user plane latency requirement. 
	Protocol Split option 
according to figure D1-1
	Required bandwidth 
	Max. allowed one way latency [ms]
	Delay critical feature

	Option 2
	[~70 Mbps]
	[>20 ms]
	[Dual Cell Connectivity]

	Option 3
	[~70 Mbps]
	[>10 ms]
	[ ]

	Option 4
	[? Mbps]
	
	[Carrier aggregation]

	Option 5
	[~ 100-200 Mbps]
	[~0.25 ms]
	[HARQ]

	Option 6
	[~ 500 Mbps]
	[~0.25 ms]
	[Other CoMP (JT, JR)]

	Option 7
	[~2 Gbps]
	[~0.25 ms]
	[Joint detection (carrier level)]


Table 2.1.1: exemplary transport network requirements based on LTE 2x2 MIMO / 20 MHzOur first thoughts on potential split options are:

It seems to be obvious that current split option (Option 7/”CPRI”) is needed in the future as well and should be continued. Ideally it should be specified as completely open interface. 

The same holds for Option 2, as it is already defined for dual cell connectivity feature and seems a good way of integrating LTE to 5G-NR. 
A potential third interface could be Option 6, which would already significantly reduce the bandwidth demand but still give sufficient gain while using the coordination features.
Expectations for each of the agreed splits
The co-signing companies expect that the number of splits will be limited (e.g. 3) and that not all possible splits will be defined as part of the 3GPP architecture. 

The study should therefore provide clear guidance which split options would be the most beneficial ones in terms of minimizing complexity while ensuring deployment flexibility. 

In the course of the SI phase a discussion should also take place about which of the interfaces supporting the agreed split options should be standardized by 3GPP as open interfaces. If for certain splits it turns out that 3GPP does not have the right expertise of developing relevant open interface specification or re-usable open interface specifications from other SDOs already exist, 3GPP should decide on a way forward for those interfaces. Any interface to be specified by 3GPP obviously needs to be defined in an open way.
3   Conclusion and proposals

Proposal: It’s proposed to agree on the text below, in section 4  to be captured in TR 38.801
4   Text proposal
----------------------------------------------Start of Changes----------------------------------------------

When considering the different user plane functional split options the following transport / fronthaul performance requirements need to be compared against the capabilities offered by those splits:

1.) Transport latency requirements.

2.) Transport bandwidth
3.) Jitter (the required frequency accuracy between radio unit clock and central unit clock)
The latency requirements determine the possible distance between the distributed units and the central units. Even if fibre is considered as transport medium, the max. distance to achieve the lower URLCC latency requirement would be in the order of 10-15km. It would become even lower if it’s e.g. a switched fiber (no direct connection), which would inject additional latency (and jitter) by the used equipment. This has significant impact on the aggregation network architecture and the placement of the centralized functions.
In order to identify reasonable user plane functional splits between central and distributed unit, the following table x.x.x  summarizes the benefits and drawbacks of the related split options from deployment and feature support point of view.
	Protocol Split option 
according to figure D1-1
	Required bandwidth 
	Max. allowed one way latency [ms] *
	Delay critical feature

	Option 2
	
	
	

	Option 3
	
	
	

	Option 4
	
	
	

	Option 5
	
	
	

	Option 6
	
	
	

	Option 7
	
	
	


Table x.x.x: Exemplary figures for UP function split 5G NR 2x2 MIMO / 20 MHz channel bandwidth (note: Option 1 removed as CP/UP function split should be treated separately) 
Editor’s note: There will be some inter-dependencies between user plane and control plane functional split options. It is proposed at this stage to decouple the user plane and control plane function split options discussions to avoid the complication of many different combination options. However, the work in other WGs on Control Plane function split and potential interdependencies with User Plane function split shall be monitored and coordinated and based on the related progress, necessary coordination between WG shall be triggered and adjustments shall be brought to this section.

----------------------------------------------End of Changes----------------------------------------------
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