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Introduction
In the previous RAN4 meeting, contributions [1-3] discussed 5G NR TDD ON/OFF power switch and timing budget but no consensus were achieved. RAN4 should decide the needed length for transmit power ON/OFF and OFF/ON switching time.
Discussion
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, such as 30 kHz, 60 kHz and 120 kHz, etc. Increased sub-carrier spacing makes shorter symbol durations and more frequency switching UL/DL in application 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 timing budget also need to keep sufficiently large enough to avoid interference to other eNBs due to eNB must switch off the PA fast enough to avoid still transmitted signal causes UL interference to other eNBs due to propagation in the air even at the maximum propagation distance. 
In TDD-LTE, the requirement of the power switching for eNB on OFF to ON and ON to OFF is 17μs and OFF power is defined as -85dBm/MHz. The power switching for UE on OFF to ON and ON to OFF is 20μs and OFF power is defined as -50dBm/MHz. Those OFF power requirements are calculated based on MCL and it is the conduct requirement. In current NR discussion with very high frequencies, seems antenna connector cannot be available for beamformed and MCL in this case cannot be used. How to define NR OFF power requirements for very high frequencies 5G NR need to be carefully reconsidered, e.g. based on OTA.
For 5G NR eNB, the needed transient period is mainly decided by hardware performance of radio switching and PA. Initial investigation from time mask in the last meeting that the power switching on OFF to ON can be shortest as 10μs, and power switching on ON to OFF can be shortest as 7μs[1]. But in the actual implementation of TDD, a specific issue for eNB from the OFF to ON that the EVM of the transmission signal will be affected and the duration is relatively long, makes longer switching time. 
The earliest time for eNB and UE to start UL transmission and start DL transmission can be summarized as follows.
TeNB, DLUL ≥ TeNB, PA on  off + TeNB_eNB, SYNC + TeNB_eNB_LOS
TeNB, ULDL ≥TeNB, PA off  on + TeNB_eNB , SYNC + TUE_eNB_LOS 
TUE, DLUL ≥ TUE, PA off  on + TeNB_ eNB, SYNC + TUE_eNB_LOS - TUE_UE_LOS 
+ TUE, UL_Timing
TUE, ULDL ≥ TUE, PA on off + TeNB_eNB , SYNC + TUE_UE_LOS 
Where
TX_Y_LOS  = Propagation time between X and Y (LOS)
TX_Y, SYNC = Synchronization error between X and Y 
TUE, UL_Timing = UE UL timing advance accuracy error
TX, PA = eNB/UE turn off/on time requirement of Power Amplifier
TeNB, DLUL = Time budget for DL to UL switch at the eNB (earliest time for eNB to start UL transmission)
TUE, DLUL = Time budget for DL to UL switch at the UE (earliest time for UE to start UL transmission)
For eNB, 
· When switching from Tx to Rx, the needed time budget which is in the guard period must be long enough to ensure even at the maximum propagation distance and the maximum synchronisation error, its PA transient and switching off power has no interference to neighbouring eNB starts to receive.
TeNB, DLUL ≥ TeNB, PA on  off + TeNB_eNB, SYNC + TeNB_eNB_LOS
· When switching from Rx to Tx, the needed time budge which is in the guard period must be long enough to ensure its PA activates early does not cause interference to nearby eNB which still in its UL receiving period.
TeNB, ULDL ≥TeNB, PA off  on + TeNB_eNB , SYNC + TUE_eNB_LOS

For UE, 
· When switching from TX to RX, the time budget for UE UL to DL switching within the guard period must be long enough to allow for the PA transient and any timing difference between the UEs in different cells due to different BS synchronization.
TUE, ULDL ≥ TUE, PA on off + TeNB_eNB , SYNC + TUE_UE_LOS 
· For switching from RX to TX, the earliest time for a UE to start UL transmission to avoid interference towards UE still in DL can be defined as:  
TUE, DLUL ≥ TUE, PA off  on + TeNB_ eNB, SYNC + TUE_eNB_LOS - TUE_UE_LOS + TUE, UL_Timing

In addition, UL timing advance accuracy also influences the time budget allocation. By using the GNSS timing, synchronization error between eNBs can within +/-1μs, but if under non-ideal GNSS timing, the synchronization will be more longer [4]. That will be a trade off to be considered to NR system between cost, coverage, robust and numerologies.
Conclusion
In this contribution, we share our initial investigation when deciding on switching time requirements for NR in 5G NR systems. 
· With technical progresses, the hardware performances of radio switching and PA will improve. Shorter duration of UL to DL switching and DL to UL switching for TDD system is very benefical and can be implemented for NR system.
· Available time budgets for maintaining reasonable overhead, coverage and the potential for tightening the BS synchronization and UL timing advance accuracy need to be considered. More studies are needed for defining final requirements.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref458445645]R4-1609273, 5G NR TDD ON-OFF Switching Time Budget, ZTE
R4-165898, TDD ON/OFF switching for mm wave systems, Ericsson
R4-1609505, Discussion on ON/OFF time mask for NR, CATT
R4-1609528, Observations regarding NR timing budget, Ericsson
	2/2	
