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1. Introduction

This paper will further discuss the TDM operation across different RATs issued in the Nanjing meeting. 
2. Discussion
2.1
TDM Operation across Different RATs
In the previous meeting, a concurrent RAT operation based on time sharing has been issued [1]. A possible scenario as in Fig. 1 is that VoLTE is served in LTE, and high rate data is provided in NR. In the initial stage, NR may be deployed mainly in the hotspot areas with high dense traffic, or the interworking NR CN with IMS server could not be completed yet. In that case, operators can try to dump VoIP calls requiring both high mobility and low latency to LTE cells, and serve other high data rate services in NR cells. To support the scenario, the TDM operation across NR and LTE can be a considerable feature. In Fig. 1, for the time duration t1, UE stays at the frequency F1 used by NR, while for the time duration t3, it stays the frequency F2 assigned to LTE. 
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Fig. 1

A scenario in TDM operation across both RATs
With the feature, the expected benefits can be listed up as follows: 
1)  Low cost

It’s clear that the single radio is beneficial than dual radio in cost aspect. 

2)  IDC interference avoidance

The simultaneous TX/RX based on dual radio can result in the IDC interference between both radios. However, assuming to receive/transmit data from/to a single radio only at one moment, the IDC interference can be fully removed. On the other hand, if NR frequencies are separated far away from LTE frequencies, the IDC interference would be no critical issue.
3)  UE power saving

It is expected that the single radio leads to lower UE power consumption. 
We can consider both options on TDM operation across RATs.
Option 1) Single TX chain and single RX chain (Fig. 2 (a))

UE can receive/transmit data from/to a single radio only at one moment. It is regarded as a full TDM method.
Option 2) Single TX chain and separate RX chains (Fig. 2 (b))
UE can receive data simultaneously from NR NB and LTE eNB, but transmit data to a single radio at one moment.

With option 1, the benefits of TDM operation across different RATs can be maximized in aspects such as cost, IDC interference avoidance and power saving. On the other hand, as already indicated in [1], the single RX chain of Option 1 would enforce heavy changes in Radio Link Monitoring (RLM), Radio Resource Management (RRM) and CSI measurements. One alternative to minimize the impacts is the option 2. With option 2, the complicated issues can be excluded even though the expected benefits may be reduced. 
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Options of TDM operation across multiple RATs
2.2
Further Considerations 
TDM operation across different RATs can be considered as a possible solution for inter-RAT interworking. We would like to further discuss the feasibility of the solution in the following aspects. 
Measurement and Mobility Issue

In order to obtain a reliable measurement result, UE has to usually collect measurement samples during the sufficient period defined in specification. Therefore, UE needs to stay a RAT for a certain minimum duration regardless of data transmission time in that RAT. Then the measurement period may be inconsistent with the data reception time in a RAT. It leads to inefficiency in the radio resource management. Another issue is that a UE served in a RAT cannot measure cells belonging to another RAT. It can degrade mobility performance. The late measurements and report due to the absence in a RAT obviously results in late HO decision. In order to minimize the drawbacks, we need an elaborate setting for configuration or additional mechanisms. If we go for option 2, the difficulty can be mitigated because each RX chain can be used to measure the tuned RAT. 

Implementing a RF chain supporting both LTE and NR
With the TDM operation across LTE and NR, a RF chain has to support both LTE and NR in which the antenna unit and RF unit may be designed quite differently. For example, for above 6 GHz, the beam feature can be considered in NR only. But LTE utilizes no beam. Today it is unclear if such hybrid RF chain is feasible in physical implementation and complexity aspects. On the other hand, we can assume that the antenna and RF design in sub-6 GHz NR is similar with LTE’s. We need to clarify the feasibility on the hybrid RF chain.
Transition Time
In LTE, UE has to perform inter-frequency measurements during the configured measurement gap of 6 ms. The UE behaviours such as searching, switching, and measurements are performed during the gap. Considering that UE spends 75% of 6 ms performing both searching and measurements in UE implementation, the one-way switching time can approximate 500 ns. 
Also, in order to provide different services via multiple RATs in parallel, a dynamic switching across RATs can be required because the long stay in a RAT means long latency in other RAT. If even the TDD operation in NR and/or LTE is set, the guard time for switching TX/RX modes is considered in addition. It means that UE performs the frequent switching operations on band and TX/RX mode.
Since transition time is a waste of time, we need to study how often the switching occurs with a valid transition time. 
Buffering Issue

The received data is processed from the front of the filter to channel decoding. Even though a switching from LTE (NR) to NR (LTE) occurs, the process for the received LTE data could not finish in modem yet. Accordingly, until the modem completes the process for LTE data and gets ready for NR data, the received NR data has to be stored in buffer. Alternatively, UE may need to have separate buffer for each RAT. 
Proposal: With TDM-like inter-RAT solution, further feasibility is discussed on aspects such as transition time, hybrid RF chain, buffering, measurements and mobility support.
3. Conclusion
It is proposed that
Proposal: With TDM-like inter-RAT solution, further feasibility is discussed on aspects such as transition time, hybrid RF chain, buffering, measurements and mobility support.
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