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1. Introduction
The study item on New Radio Access Technology has started in 3GPP to develop requirements and specifications for new radio (NR) systems. The study aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 

Despite of meeting more use cases, NR also aims to improve the functions and performance compared with LTE system. Until 2016 Q1, there are 408 commercial LTE or LTE-A networks launched in 157 countries. Take CMCC as an example, over 1 billion base stations were deployed for 4G system already. During the practical deployment and operation of 4G network, we observe some problems that may not be considered when developing the specification. Hence, we believe it is important for us to learn from these lessons and try to avoid and solve them at the very beginning of 5G NR system development.
In this contribution, we discuss some problems that we observed in our practical LTE network, and hope NR system can learn from them at the beginning of system design.
2. Lessons from LTE network
2.1 Independent radio and core network
In LTE system, some features affect both radio and core network, which needs the combined upgrade of both radio and core network, e.g. Relay, MDT, SON etc. Such combined upgrade is certainly not desirable and will cause some troubles in practical network. 

Firstly, the combined upgrade will cause additional complexity and increase the cost. Secondly, affecting both radio and core network may lead to instability and impact the performance of such features. Thirdly, considering that radio and core network may from different vendors in some operators’ network, the combined upgrade is difficult to be implemented in reality. Also, allowing RAN and CN to evolve independently is one of the requirements of 5G NR system design [2].
Hence, from operator perspective, it is desirable to affect only the radio or core network when introducing new feature in order to reduce the cost and complexity of upgrade. 
Observation 1: It is desirable to affect only the radio or core network when introducing new feature in 5G NR system, in order to reduce the cost and complexity of network upgrade. 
2.2 More scalable specification development
Scalability has always been considered when developing system and specification. At 5G stage, the network structure and base station number will increase more rapidly compared to 4G. Hence, the scalability of specification development becomes more important for 5G NR system. 
In LTE system, we have discussed the early implementation of some features, e.g. UL 64QAM. Such early implementation can help operators to achieve some urgent market need without upgrading to a total new release. In Release 8, some FGI bits are reserved for future proof, but they are run out in Release 11. Earlier release UE can utilize the reserve bits to report some later release features without causing any confusion. Without the reserve bits, earlier release UE reporting later release features is not a standard way, and the corresponding eNB behavior after receiving such signaling is also not standard and may cause some serious errors (e.g. refuse UE to access) [3]. In order to avoid such non-standard eNB and UE behavior, it is better to reserve enough bits for such early implementation at the beginning of 5G NR system design.

The number of cell and UE ID in our LTE network is already close to the limit in existing specification. At 5G stage, the network and user scale will grow significantly, especially for big operators which has large number of users. Also, considering the IoE and massive connected devices in 5G, it is necessary to reserve large enough number of bits to ensure the scalability.
Observation 2: Considering the rapid expanding network/user scale and market need, the specification and signaling design should be more scalable and flexible in 5G NR system.
2.3 More clear reserved bits definition
As we discussed in section 2.2, ensuring the scalability (e.g. developing enough reserved bits) is very important for 5G NR system design. However, in the existing LTE system, the reserved bits are not specified clearly, how to use and treat the reserved bits are all up to implementation. Such ambiguity may cause some serious problems in real network. 

For example, it happened in our network that eNB refuse UE to access because of the different understanding and behavior on the reserved bits. eNB treat the reserved bits with certain value as abnormal.
In order to avoid such abnormal situations, it is better to specify more clear definition and rules on the reserved bits in 5G NR system. 

Observation 3: It is desirable to specify clear definition and rules on the reserved bits in 5G NR system, in order to avoid the ambiguity and abnormal situations in reality.
2.4 Better inter-operation parameter definition
In LTE system, some features related to eNB functions are left to implementation, e.g. load balancing. The flexibility may cause quite different performance and difficulties in supporting multi-vendor inter-operation. 
The load balancing aims to find the optimal handover operations between the overloaded cell and possible target cells to achieve better network system performance. Especially in HetNet scenario, small cells are introduced to distribute the system load and to increase system capacity. In reality, macro and small cells are from different vendors in most cases. However, the multi-vendor load balancing cannot be well supported since there is no unified understanding of load in existing specification. 

We understand that eNB would like to have some flexibility and private implementation. However, for some key parameters related to inter-operation (e.g. clear definition of load), consistent understanding among different vendors and unified definitions are necessary. 

Observation 4: It is desirable to specify the necessary inter-operation parameters in 5G NR system, in order to achieve better inter-operation for multi-vendor.  
2.5 Practical achievable performance and complexity
Achieving better performance is always the aim of system development and optimization. However, sometimes, seeking for “perfect” performance may cause additional complexity and difficulties for implementation and deployment in reality. 

Inter-working between neighbour cells is very important for mobility and network performance. Existing LTE system develops enough flexibility for the inter-working configuration. Network can configure different neighbour cells/frequencies and corresponding thresholds for each base station. The “personalized” configuration is certainly desirable from the perspective of achieving better performance. However, such “personalized” configuration is difficult for implementation in reality, especially for big operators with large number of base stations and rich spectrum resource. For example, in our network, the blind redirection and handover is applied in some cases, since it is too complicated to configure each base station with “personalized” parameters. 
We all understand that there is a tradeoff between performance and complexity. However, when developing 5G NR system, it is necessary for us to understand the practical achievable performance with reasonable complexity. And further enhancement and optimization should focus on the practical achievable performance and complexity, not the ideal one. 
Observation 5: Practical achievable performance and complexity should be considered instead of ideal performance when designing 5G NR system.
2.6 More intelligent SON
Self-Organizing Networks (SON) is a very important feature developed from LTE Release 8. At 5G stage, the structure and number of network will become more complex and larger. The rapidly expanding number of base stations will need to be configured and managed with the least possible human interaction. Study the enhancement of SON is important and necessary in 5G NR system.
The existing SON mechanism is not intelligent enough. Some important network parameters cannot be configured and managed automatically, e.g. the antenna related parameters, mobility parameters, etc.
Also, in order to reduce the cost of network management and operation, centralized management is utilized in our network. The centralized management requires more intelligent SON functions, e.g. supporting automatic transmission of failure information, supporting remote optimization and configuration, etc. So far, LTE system does not support these functions.
Observation 6: More intelligent SON supporting centralized management and remote configuration is one important evolution direction in 5G NR system.
3. Conclusion

In this contribution, we discuss some problems that we observed in our practical LTE network, and hope NR system can learn from them at the beginning of system design. The observations are provided as follows:
Observation 1: It is desirable to affect only the radio or core network when introducing new feature in 5G NR system, in order to reduce the cost and complexity of network upgrade. 
Observation 2: Considering the rapid expanding network/user scale and market need, the specification and signaling design should be more scalable and flexible in 5G NR system.
Observation 3: It is desirable to specify clear definition and rules on the reserved bits in 5G NR system, in order to avoid the ambiguity and abnormal situations in reality.
Observation 4: It is desirable to specify the necessary inter-operation parameters in 5G NR system, in order to achieve better inter-operation for multi-vendor.  
Observation 5: Practical achievable performance and complexity should be considered instead of ideal performance when designing 5G NR system.
Observation 6: More intelligent SON supporting centralized management and remote configuration is one important evolution direction in 5G NR system.
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