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1. Introduction
In last RAN4 meeting, TDD ON/OFF switching for mm wave systems was discussed [1] and some considerations were presented. In this document, issues related to TDD ON/OFF switching for mm wave systems will be discussed, and our initial understanding is provided.
2. Discussion
The needed guard periods of UL to DL switching and DL to UL switching for TDD system has been analysed in [1]. Basically, we agree with the analysis. The guard period of UL to DL switching is mainly decided by radio switching time and synchronization error between BSs. The guard period of DL to UL switching is mainly decided by radio switching time, synchronization error between BSs, UE UL transmit time error, wave propagation delay between BS and UE, and UE transmit advance etc. as shown in Figure1.
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Figure1. Guard periods of UL to DL switching and DL to UL switching for TDD system
There will be multiple numerologies for 5G NR in physical layer design, where shorter TTI and symbol length will be introduced, e.g. 8.93μs OFDM symbol length for 120kHz subcarrier space as mentioned in [1]. More frequent UL/DL and DL/UL switching will be used especially for URLLC services. Longer guard period and more frequent switching will cost time-frequency source, and reduce the radio source efficiency. It is desired that the guard periods of UL to DL switching and DL to UL switching for TDD system could be as short as possible.
However, to our understanding, the needed guard period is decided by hardware performance of radio switching and PA for mm wave, not decided by numerologies of physical layer design. Of course, with technical progresses, the hardware performances of radio switching and PA will rise. Shorter guard periods of UL to DL switching and DL to UL switching for TDD system can be implemented. According to our investigation, less than 8μs switching time can be reached. More data is desired to be provided by radio hardware vendors.
The synchronization error between BSs is required to be less than 3μs in E-UTRAN TDD specification [2]. In current era, the GNSS is applied widely, i.e. GPS, Galileo, GLONASS, and BDS etc. The synchronizations between BSs are universally implemented by GNSS. So synchronization between TRPs in 5G NR based on GNSS is reasonable and feasible. It is observed that ±0.5μs of synchronization accuracy can be reached using GNSS.
From above two reasons, we think shorter guard period of UL to DL switching can be specified, e.g. 10μs, even one OFDM symbol length of 120kHz subcarrier space is 8.93μs.

For guard period of DL to UL switching, except for above two factors, it is also related to UE UL transmit time error, wave propagation delay between BS and UE, and UE transmit advance etc. If the coverage of TRP is very small, e.g. 30m, the propagation delay is only 0.1μs, which can be ignored. Then, the guard period of DL to UL switching can be specified as the same length as guard period of UL to DL switching. If the coverage of TRP is 3km, at least another 20μs should be added. So the guard period of DL to UL switching should be configured based on size of coverage, e.g. like the different configuration of special subframes in E-UTRA TDD. It is the responsibility of RAN1 to design frame structure for 5G NR.
It is summarized that shorter guard periods of UL to DL switching can be specified for 5G NR, e.g. 10μs, even one OFDM symbol length of 120kHz subcarrier space is 8.93μs. The guard periods of DL to UL switching will be configured based on size of coverage, which should be designed by RAN1, and at least same guard periods length of UL to DL switching should be considered.
3. Summary
In this paper, the issues for ON-OFF switching of 5G NR TDD system is discussed, which should be studied based on art of date technical. It is observed that shorter guard periods of UL to DL switching can be specified for 5G NR, e.g. 10μs, even one OFDM symbol length of 120kHz subcarrier space is 8.93μs. The guard periods of DL to UL switching will be configured based on size of TRP coverage which should be designed by RAN1 and at least same guard periods length of UL to DL switching should be considered.
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