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Introduction
Per the traditional definition of RAN, a User Equipment (UE) is managed within a Cell of a base station, which means that the context of the UE (e.g., Radio bearer configuration, UE ID, radio resource allocated) is directly bundled to a Cell allocated by the base station. We regard this kind of UE-Cell relation as “coupled”, where the UE as well as the UE’s contexts is associated to and dependent on a particular serving cell within the base station. With the deployment of UDN (ultra-dense network) and over-laid coverage, it is common to see that a UE can be served simultaneously by a few cells. This can be more popular in case of multi-connectivity. In this context, we need to carefully consider the relationship between UE and Cell, e.g. to decouple the UE from a particular Cell in order to build a high performance 5G system at the beginning of the new RAT standardization process. 
Discussion 
Coupled UE-Cell relation in LTE 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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.  

 
Fig.1a eNB side view of the coupled UE-Cell relation in LTE system 


Fig.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, 
[bookmark: 1049162-8-10][bookmark: 1049162-8-11]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.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 1:  the traditionally coupled 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,
Observation 2: Decoupling the UE from a particular Cell is needed to fulfil the 5G requirements on higher performance and lower latency with respect to flexible multi-cell operation, multi-connectivity transmission and 0 ms mobility interruption time.
Decouple the UE from a particular Cell in NR
As analysed in above section, in order to achieve low-latency, robust data link, high-performance control procedure and real-time flexible control over air interface, decoupling UEs from Cell is required. In this section we further explore the main concept of the decoupled UE-Cell relation, i.e. decoupling the UE from a particular cell. This decoupled UE-Cell relation of NR is shown in Fig 2a and Fig 2b, illustrating the base station side and UE side respectively.  


Fig.2a base station side view of the decoupled UE-Cell relation in NR system 


Fig.2b UE side view of the decoupled UE-Cell relation in NR system
From the base station point of view, there might be two independent functions responsible for the UE management and Cell management, namely UE Management Function and Cell Management Function, respectively. The context and radio data link of UE managed by UE Management Function is decoupled from cells serving the UE, and the Cell itself managed by the Cell Management Function is taken as a type of radio resource in order to real-time and flexible control over air interface  
Furthermore, according to this decoupled UE-Cell relation, the data link and contexts are managed by UE Management Function instead of a specific Cell, i.e. the UE is not bundled with a particular Cell (e.g. PCell) any more. During the data transmission over air interface through multiple severing cells, all the data and UE contexts can be directly provisioned by the UE Management Function. This function design leads to a wide room to establish a real-time and flexible radio resource allocation mechanism in NR, which brings a significant advantage in efficient data processing and optimized system performance in the context of multiple cell operation.
Proposal 1:  New relation between UE and Cell should be considered in NR system design.  
Proposal 2: Decoupling UE from a particular Cell should be considered as a starting point in designing the 5G NR radio architecture.
Conclusions
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In this condition, we analyze the traditional relation between UE and Cell, and have two observations as follows:
Observation 1:  the traditionally coupled 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,
Observation 2: Decoupling the UE from a particular Cell is needed to fulfil the 5G requirements on higher performance and lower latency with respect to flexible multi-connectivity transmission and 0 ms mobility interruption time.
Then we further explore our thinking on the decoupled UE-Cell relation and propose:
Proposal 1:  New relation between UE and Cell should be considered in NR system design.
Proposal 2: Decoupling UE from a particular Cell should be considered as a starting point in designing the 5G NR radio architecture. 
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