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1 Introduction

At RAN3 91bis meeting, the functional split between central and distributed units has been discussed and some initial agreements / discussion status are tentatively captured in TR38.801 Annex B [1]. 
In addition, agreed TR 38.913[2] at RAN plenary #71 meeting has identified requirements for architecture and migration of Next Generation Radio Access Technologies in chapter 8. From those architectural requirements, some key observations for next generation RAN architectural design may be as follows: 
· Central and Remote Unit for splitting RAN shall be possible
· C-plane/U-plane separation should be supported
· RAN internal interfaces shall be open for multi-vendor interoperability
· Multi-connectivity over multiple TRPs should be supported
· Effective inter-site scheduling coordination shall be possible
This contribution provides an overview of the NR RAN internal functional description.

2 Discussion 
From the above requirements, a potential internal function split for NR RAN is illustrated in Figure1. Central Unit (CU) may incorporate higher layer control and data functions, and possibly some baseband functions as well. CU would be able to handle multiple cells and serves as a function pool. Distributed Unit (DU) are could implement the RF part (i.e. Remote Radio Head, RRH) and the remaining baseband processing, which depends on different options of function split. 
The CU control and data function might be further separated into two logical entities: CU-C and CU-U, respectively, 
· CU-C would mainly deals with high layer control functionalities, such as radio resource control and etc; 
· CU-U would be responsible for data packet processing, distribution, reordering, user plane mobility anchor and etc.
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Figure 1: Potential NR RAN internal functional split
Potential function descriptions of the new RAN nodes are summarized in figure 1.
To achieve low-latency and robust data link, high-performance control procedure and real-time flexible control over air interface, it would be beneficial to decouple UE control from “Cell” especially under multi-connection scenario. If the UE is not bundled with a particular Cell (e.g., PCell) any more, all the data and UE contexts can be directly managed centrally by CU during the data transmission over air interface through/among multiple severing cells. And therefore, there is no need for the scheduled Cell to acquire the data and UE contexts from other severing cells. Eventually it is beneficial to establish a real-time and robust data link with flexible radio resource allocation. (More detail refers to Annex).
Proposal 1: RAN3 is kindly asked to consider the separation of UE level control and Cell level control. 
Function description of CU-C:
· UE level Control
· Radio Bearer Control 
As described in [3]. 
· Connection Mobility Control
As described in [3].

· Dynamic Radio Resource Allocation
As described in [3].
· Dynamic association between UEs and Cells
It is responsible for dynamic association between UEs and serving cells according to channel quality, RB buffer occupancy, RB QoS and etc.

· Multi-connectivity control
It is responsible for managing multiple radio and data links, including flexible scheduling and effective flow control.
· UE Context Management
It is responsible for the management of UE context, which may contain Radio Bearer specific configuration information and channel information of serving cells.
· UE Measurement related
It is responsible for measurement reporting configuration for UE mobility and scheduling.
· Cell level Control
· Radio Admission Control
As described in [3].
· Intra and inter-cell resource control
Intra and inter-cell resource control is responsible for the control of the common resources within a cell or among cells. 
· Inter-cell coordination control
As described in [3].

· Cell level broadcast and Paging
It is responsible for scheduling and transmission of paging messages, and scheduling and transmission of broadcast information.
· CU-U management
· It is responsible for managing CU-U, such as configuration for a specific Radio Bearer.
· DU function management
· It is responsible for configuration of DU, such as functional split between CU and DU.
Function description of CU-U:
-
Data packets processing 

· It is responsible for user plane data packet processing, which may include IP header compression, integration protection, ciphering and etc [3].
-
Data Distribution and Reordering
· It is responsible for distributing data PDU between CU-U and DU(s). It is also responsible for reordering data PDUs received from multiple data links.
-
Mobility User Plane Anchor
· It is responsible for providing user plane anchor and enabling data forwarding in the case of UE moving between multiple DUs.
Function description of DU:
-
Functions of Radio Remote Head (RRH)
-  Part of baseband processing, e.g., PHY, which depends on different options of function split for Central and Remote Unit 
Proposal 2: RAN3 is kindly asked to consider the proposed functional split of NR RAN which is needed for standardization. 
3 Conclusion
Proposal 1: RAN3 is kindly asked to consider the separation of UE level control and Cell level control
Proposal 2: RAN3 is kindly asked to consider the proposed functional split of NR RAN, which is needed for standardization. 
This contribution also proposes to capture the above function description of CU-C, CU-U and DU as TP in the TR38.801.
4 Annex
4.1 Coupled UE-Cell relation in LTE 

Traditionally, the UE is coupled to a specific serving cell, i.e. Primary Cell (PCell). The UE context is associated to and managed in the PCell only. In case of CA Carrier Aggregation), the UE may be configured with a single PCell and multiple Secondary Cells (SCells) , while all the contexts and data of the UE are allocated at PCell only from the eNB point of view. Besides, all the RRC (re-)configurations relevant to the serving cells (including the SCell only configuration) are performed by and depends on the PCell. The similar view could be observed from the UE perspective. This traditional relation between UE and Cell (UE-Cell relation) of LTE/LTE-A is shown in Fig 1a and Fig 1b, illustrating the eNB side and UE side respectively. With this UE-Cell relation, whenever a serving cell (PCell and/or any SCell) change is needed due to UE mobility or network load management, a RRC signalling procedure has to be performed, which may lead to unnecessary signalling overhead and performance degradation.  
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Fig.4.1a eNB side view of the coupled UE-Cell relation in LTE system 
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Fig.4.1b UE side view of the coupled UE-Cell relation in LTE system 

Take the simplest mobility case as an example. In case a UE is moving among different cells within the same eNB, a handover procedure is still required (namely intra-eNB handover). As known, the handover signalling procedure is quite complex and of high-latency as well as the possible data forwarding and packets loss. The average C-plane latency during handover signalling procedure may be 80ms [1]. The latency cannot meet the high requirement of 5G with respect to interruption time of the intra-NR mobility. If we consider the UDN scenario where more mobility cases among neighbouring cells is foreseen, these issues become more severe. 

In case of CA, the UE can be configured with multiple serving cells, while the UE context is managed in the sole PCell rather than a SCell,and the SCells only provide UEs with channels for data transmission/receiving. Besides, all the DRB(Data Radio Bearer) processing operations including the PDCP/RLC/MAC entities locate in the PCell, which bring significant process burden while the SCell may still be at a quite low-load level in term of processing capability. This implies an unbalanced load distribution and system-level performance degradation. We may further consider the mobility scenario where the UE needs to change its serving PCell to a SCell and promote a serving SCell to be the PCell instead (i.e. PCell change in the same serving cell group). This can be implemented by a handover procedure between PCell and SCell irrespective of the fact that the control signalling is complex and the latency is very high. However, the serving cells for UE are actually the same. Furthermore, for a UE, the reestablishment procedure of data link is started as soon as PCell or one of SCells changes, which is not only redundant but also brings unnecessary operations with increased UE power consumption. When considering the multi-cell operation and/or multi-connectivity, the similar issues can probably be foreseen as well.

Therefore, it can be observed that the traditional UE-Cell relation brings longer delay, declines the reliability of data link, increases the UE power consumption and leads to unnecessary RRC signalling overhead in case of mobility and multi-connectivity operation, 

To some extent, the above mentioned issues may origins from the coupled UE-Cell relation. When looking at the requirements of 5G, higher performance and lower latency are the most crucial factors, such as flexible multi-connectivity transmission and 0 ms mobility interruption time. As a consequence, there should be a need to redesign the relation between the UE and Cell.
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