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Introduction
[bookmark: _Ref178064866]Based on the discussion in the last RAN3 meetings, possible 8 function split options between central unit and distributed unit have been captured in TR38.801[1]. 


In this contrubution, we analyse functional splitting issue from the perspective of fronthaul conditions and user plane  functions ,then give our proposal accordingly.
Discussion
In last meeting, many operators co-signed an document[2] to propose a standard interface between central and distributed units. The two benefits of open interface are that distributed unit best suited for the particular deployment scenario/band can be selected, without being tied down to the vendor providing the central unit and when replacing central unit, central unit best suited for the capacity, suppported functions and so on can be selected, without being tied down to the vendor providing the distributed unit.
Proposal1: It is proposed to support standard interface between CU and DU.
From the perspectives of specification efforts and the complexity of interoperability test, it is difficult to specify so many interface types between CU and DU, e.g. more than three types or even eight types. So,from our point of view, the options for standard interface(s) should not be too much. 
Proposal2: The number of standard interface between CU and DU should be as few as possible.
There are two key charateristics of fronthaul performance: latency and throughput. The latency characteristics of fronthaul shall decide whether real-time data processing can be located in the Central Unit (CU) or not. In 5G, TTI will be further shortened even adopting dynamic TTI in order to adapt to different traffic requirements. In general, only with the latency-ideal fronthaul of microseconds level latency (e.g. several μs to tens ofμs), CU can have real-time data processing functions, e.g. scheduling, creating transport blocks and etc. In other words, if the latency of fronthaul is not ideal, e.g. to the ms level, CU can only have non-real-time processing functions such as the functions above scheduling.
The throughput characteristics of fronthaul shall decide the type of data transmitted through this fronthaul. In general, if the throughput of fronthaul is not large enough, only Layer 2 PDU can be transmitted through this fronthaul. The larger the throughput of fronthaul is, the lower data can be transmitted through this fronthaul. In a extreme case, RF data will need a 12800Gbps throughput of fronthaul in the case of 1GHz system bandwidth and 256 antenna ports.
Observation1: The functional splitting option designed for the non-ideal fronthaul can also applied to the ideal fronthaul case, however the functional splitting option designed for the ideal fronthaul can not applied to the non-ideal fronthaul. 
According to the above observation ,we propose to discuss the standardization of the function split for non-ideal fronthaul which could apply to all fronthaul deployment cases first and then consider how/whether standardize function split for ideal fronthaul cases.
Proposal 3:Non-ideal fronthaul case should be in high priority when considering standardization of CU/DU function split. 
In the current LTE system, L2 has three sublayers, i.e. PDCP, RLC and MAC,whose functions could be divided into two groups i.e. real-time L2 functions and non-real-time L2 functions. As discussed in above subsection, for non-ideal backhaul scenario, real-time functions could be placed close to the radio unit i.e.in DU and the non-real time funcions could be placed in the CU. The details of the L2 functions are shown in the following table2.
Table 2 Category for non-real-time L2 functions and real-time L2 functions
	Sublayer
	Function
	Non-real-time functions
	Real-time functions

	

PDCP
	Packet Numbering
	√
	

	
	Header Compression
	√
	

	
	Integrity Protection
	√
	

	
	Ciphering
	√
	

	
RLC
	ARQ
	√
	√

	
	(Re)Segmentation and concatenation
	
	√

	
MAC
	Multiplexing
	
	√

	
	Scheduling
	
	√

	
	HARQ
	
	√


In table 2, it is obvious that the funcions of PDCP layer are non-real-time and functions of MAC layer are real-time.For RLC layer,(Re)segementation and concatenation are real-time funcion and it is better to be placed in DU.However,for ARQ function,there maybe two options as below:
Option 1:ARQ function is listed as non-real-time function and put in CU especially in multiple TRPs connection case, in this case,it could also be used to retransmit data in other DU when orignal TRP link is not good, e.g. in the case of high frequency link sudden fading.
Option 2:From latency point of view,ARQ function could be put on DU to shorten the retransmission and recovery time, e.g. in single TRP connection case. 
The two options could be used in different scenarios to satisfy different service type or requirement.In current LTE UP model,the two options could be mapped on option 2 and option 3.
In RAN2,UP stack for NR is still under discussion.One possile UP stack which consider non-ideal bakhaul between CU and DU is depicted in the annex as reference.From our point of view,no matter how the UP stack is designed in RAN2,the principle of function split between CU and DU for non-ideal backhaul scenario should be real-time functions in DU and non-real-time functions in CU.
Proposal 4:It is proposed to support and standardize the option of real-time functions in DU and non-real-time functions in CU .
Proposal 5:It is proposed to support ARQ function could be configured in either DU or CU to applied to different scenarios.
Conclusion
Based on the discussion in section 2 the followings are proposed:
[bookmark: _In-sequence_SDU_delivery]Proposal1: It is proposed to support standard interface between CU and DU.
Proposal2: The number of standard interface between CU and DU should be as few as possible.
Observation1: The functional splitting option designed for the non-ideal fronthaul can also applied to the ideal fronthaul case, however the functional splitting option designed for the ideal fronthaul can not applied to the non-ideal fronthaul. 
Proposal 3:Non-ideal fronthaul case should be in high priority when considering standization of CU/DU function split. 
Proposal 4:It is proposed to support and standardize the option of real-time functions in DU and non-real-time functions in CU .
Proposal 5:It is proposed to support ARQ function could be configured in either DU or CU to applied to different scnearios.
Annex: an proposed L2 UP stack considering CU/DU split
The folloing figure gives an proposed L2 functional splitting between CU and DU.


Figure 1 L2 functional splitting between CU and DU
The above figure gives an multiple connectivity example. The UE can receive data from multiple TRPs. The non real-time L2 functions can be located in the CU/upper L2, i.e. packet numbering, optional header compression, optional security functions, central ARQ and distribute or duplication function. Duplication function means to send copy of the same data among multiple TRPs in order to guarantee the reliability, e.g. for signaling data and URLLC traffic. Central ARQ may be used to retransmit data in other TRP link when orignal TRP link failure, e.g. in the case of high frequency link sudden fading.
The real-time L2 functions can be located in the DU/lower L2, i.e. scheduling, segmentation, concatenation, multiplexing and HARQ and so on. In this UP architecture, both segmentation/concatenation and multiplexing are together in the DU/lower L2 and close to the scheduling function and link detection, which simplifies processing and avoids interaction between the layers. In DU, ARQ function can be configured according to need to shorten the retransimssion and recovery latency.
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