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1. Introduction
In previous RAN4 meetings, TDD ON/OFF switching for 5G NR were discussed [1, 2] and some considerations were presented. In this contribution, we share our initial investigation when deciding switching time requirements for NR in mm wave systems.
2. Discussion
As example in Figure 1, In E-UTRA, the duration of one TTI is 1ms and the transient period for end of OFF power to start of ON power is 20μs, which is 2% overhead and it can be acceptable. If the duration of TTI becomes very short, e.g. only 2 symbols, then the overhead of such transient period will be unacceptable.
[image: image1.emf]End of OFF power 

20µs 20µs

Transient period Transient period

Start of OFF power 

Start of ON power 

requirement

Start Sub-frame End sub-frame

End of ON power 

requirement



* The OFF power requirements does not 

apply for DTX and measurement gaps


Figure 1: General ON/OFF time mask in TS36.101
Furthermore, for 5G NR systems with very high frequencies, more than one types of sub-carrier spacing will be supported in the NR single channel bandwidth in comparison with E-UTRA will be needed, such as 30 kHz, 60 kHz and 120 kHz, etc. Increased sub-carrier spacing makes shorter symbol durations, which in turns to need to reduce ON/OFF power switching time between UL to DL and DL to UL in order to avoid unnecessary overhead and the total time budget also need to keep sufficiently large enough to avoid interference to other BSs even at the maximum propagation distance. 
The aims that the periods of UL to DL switching and DL to UL switching for 5G NR system need to be as short as possible. In order to determine durations of UL to DL switching and DL to UL switching for 5G NR TDD system, time budget for each components in Figure 2 need to be investigated.

·   The duration of UL to DL switching is mainly decided by radio switching time and synchronization error   between BSs. The hardware performance of radio switching is at least 7μs according to our investigation, and the synchronization error between BSs can easily reach within 1μs by using GNSS, which makes ~8μs switching time totally can be reached of UL to DL switching. 
·   The duration of DL to UL switching is mainly decided by radio switching time, synchronization error between BSs, wave propagation delay between BS and UE, UE UL transmit time error, and UE transmit advance. According to our investigation, 10μs switching time can be reached of DL to UL switching. In addition, the total time budget should be configured based on size of coverage. If the cell coverage is very small, e.g. 30m, the propagation delay is only 0.1μs, which can be ignored. If the maximum cell range and coverage is large enough, then additional time budget should be added. 
[image: image2.png]BS

UE

maximum BS to
UE propagation
time

DLt UL
switching and ete.

UL timing
advance




Figure 2 Illustration for each components for TDD ON-OFF switching
With technical progresses, the hardware performances of radio switching and PA will rise. Shorter duration of UL to DL switching and DL to UL switching for TDD system can be implemented. Available time budgets for maintaining a reasonable overhead, reasonable coverage and the potential for tightening the BS synchronization and UL timing advance accuracy need to be considered.
3. Summary
It is summarized that shorter duration of UL to DL switching can be specified for 5G NR, ~8μs switching time totally can be reached and the duration of 10μs switching time can be reached of DL to UL switching.  
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