Page 1
3GPP TSG RAN4#82	R4-1701506
Athens, Greece, 13 – 17 February, 2017	
	
Title: 	On transmit ON-OFF/OFF-ON time consideration
Source: 	Huawei, HiSilicon
Agenda item:	10.4.1.3
Document for:	Discussion
1	Introduction
This contribution discusses the aspects related to transmit ON-OFF and OFF-ON power transitions.

2	Discussion
Transmit ON-OFF and OFF-ON requirements defined in LTE (20us) may not be feasible in NR due to frame structures. From that perspective even shorter transitions could be needed. 

For NR below 6GHz the transition time is pretty much similar to LTE transition time; the HW/SW that mostly restricts transition time at these frequencies doesn’t fundamentally differ much.    

Observation1: The HW/SW that mostly restricts transition time at below 6GHz doesn’t fundamentally differ much between LTE and NR.    

For NR above 6GHz, i.e at mmWave the transition time requires quite a lot more consideration. Especially in OFF-ON transition the UE should perform also beam forming within the transient period. This is because at the end of the transient the ON-power requirement holds and thus UE must be stable with the output power and directivity. Naturally, the requirement could be verified without properly performed beam forming but then the UE EIRP at the end of transition period would often be much below the required maximum EIRP.

Observation2: For mmWave also the beam forming should be performed during the transition time to achieve full TX power in EIRP. If beam forming is not done then full TX power cannot be assumed at the end of off-on transient.

The WF [1] states the following:

· ON/OFF mask
· To study 
· Whether shorter transient period than 20 us can be used in sub-6GHz according to possible sub-carrier spacing 
· Achievable transient period in mmWave (e.g., 28 GHz) devices assuming dynamic range (OFFON and ONOFF) of 63 dB 

Basically the ON-OFF/OFF-ON switching time is limiting how short the transient period can be. Looking at the current HW/SW performance there is some margin to 20us in LTE. However, instead of discussing how much margin there is hence how much the transition time could be reduced, we would like to ask how much the transient time needs to be reduced to make the reduction meaningful. Let’s say as an example that there is no more than 10us margin in transient period i.e the transient time could be 10us or more in best case. While more exact analysis needs to be conducted we’d like to clarify if there is real impact and what is the granularity of the impact. The question is how much the transient time needs to be reduced to see any real impact in frame structure, throughput etc. There is no point of reducing the transition time hence making the requirement more difficult to meet unless there is clearly identified benefit of doing so.

Observation3: Instead of only discussing how much the transition time for NR below 6GHz could be reduced from state of the art technology perspective the benefits of potentially reduced transition time versus the extra burden to meet the requirement should be considered.

Basically the OFF-ON transition for mmWave is a totally new requirement because it consists of conventional transmitter ramp-up and TX beam forming. Beam forming time depends on how it is implemented so it may increase transition time. Because the HW is running at much higher frequencies there is some tendency for the ramp-up and stabilization to take longer compared to frequencies below 6GHz. As a summary, higher frequency and TX beam forming may increase transition time. 

In WF the dynamic range is 63dB. This number is assumedly derived from -40dBm conductive output power, 11dB antenna gain (=-29dBm EIRP) and max 34dBm EIRP. This derivation assumes that the beam forming is done during the transient meaning UE achieves max output power by the end of the transient. Basically we believe that -40dBm power assumption should be -50dBm because the OFF power target is -50dBm. An essential issue with the target power level and hence dynamic range is that if beam forming is assumed to be done or not and if the ON power is measured as TRP or EIRP. If in TRP, then directivity can be arbitrary. If in EIRP, then beam forming must be done during OFF-ON transition 

If beam forming is not done, then maximum TX power should not be measured as EIRP at the end of off-on transient period.


Observation4: At mmWave high frequency and the need to perform TX beam forming may increase transition time.

Observation5: If beam forming is not done, then maximum TX power should not be measured as EIRP at the end of off-on transient period.
3	Conclusion
ON-OFF and OFF-ON transition time for NR was considered with the following observations.

Observation1: The HW/SW that mostly restricts transition time at below 6GHz doesn’t fundamentally differ much between LTE and NR.    

Observation2: For mmWave also the beam forming should be performed during the transition time to achieve full TX power in EIRP. If beam forming is not done then full TX power cannot be assumed at the end of off-on transient.

Observation3: Instead of only discussing how much the transition time for NR below 6GHz could be reduced from state of the art technology perspective the benefits of potentially reduced transition time versus the extra burden to meet the requirement should be considered.

Observation4: At mmWave high frequency and the need to perform TX beam forming may increase transition time.

Observation5: If beam forming is not done, then maximum TX power should not be measured as EIRP at the end of off-on transient period.
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