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1. Introduction
RAN1# sent RAN4 a LS regarding transent period

RAN1 had discussion regarding uplink transmissions for NR. From RAN1 perspective, uplink transmission of a short-duration may have:

· PUCCH in short-duration (1 or 2 symbols) within a slot
· Mini-slot
· Higher subcarrier spacing than that of LTE

· SRS (note that the detailed SRS design in short-duration is not finalized in RAN1 yet)

RAN1 asks RAN4 to study transient period (including feasible values especially the one(s) smaller than that of LTE) considering uplink transmission in the short-duration.

RAN1 also asks RAN4 whether or not the transient period(s) relates to transmission characteristics e.g., bandwidth and frequency location in a bandwidth, PSD, frequency-hopping during the transmission, carrier frequency.

Note that RAN1 will proceed with the design assuming that the transient period is smaller enough (significantly smaller than that of LTE) for NR to work well in the short duration
In addition to different slot strunctures mentioned in LS, for the desing of ON OFF time mask, RAN1 agreement from RAN1#84Bis should be noted

Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped

· Other additional RS design associated with data demodulation is not precluded

No definite agreement on DMRS location exists but as mentioed above, due to low latency reasons, it is expected that DMRS can be the first symbol in the transmission as opposed to LTE where DMRS is fourth symbol. 
Transient period has impact on ON/Off time mask and between symbols inter sub-frame – TX AGC. This paper describes a proposal for On/Off time mask for 5G NR.  Inter sub-frame transient times and the impact is still under evaluation.
2. Discussion

ON OFF time mask allows for power to ramp up during the transmission for normal transmissions. Figure 1 shows LTE General ON/Off time mask.
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Figure 1 General ON/OFF time mask (Figure 6.3.4.1-1 in 36.101)
2.1. Typical TX On Timing for LTE

Typical General On/Off timing is split in two, ramp up at the beginning of the sub-frame and ramp down at the end of the sub-frame.  Ramp-down Tx power is reducing to OFF power (minimum) and any PLL disturbance resulting in a frequency error is less concerning at sub-frame end with power ≤ -50dBm.  Ramp-up TX power is increasing to maximum, in some cases and this along with PLL disturbance resulting in frequency error can occur at sub-frame start (ON power).  If the frequency error at sub-frame start extends into the 1st symbol for any length of time the EVM of the 1st symbol increases.  Although this doesn’t fail any LTE specification, some customers are concerned when the EVM of the 1st symbol gets too large (15%).  A typical ON power ramp is shown below – 0us represents the sub-frame boundary
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Figure 2: Ramp-up profile typical LTE Transmitter

2.2.  Typical TX Off Timing for LTE

Off power or ramp-down timing is much simpler, compare to ON power timing.  Ramp-down involves turning off the PA and the transceiver IC as fast as possible.  Any PLL disturbance that does occur is after sub-frame end and of such a lower power as not to cause any spurious emissions.
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Figure 3: Ramp-down profile for typical LTE Transmitter

2.3. Measured General On/Off and 1st Symbol EVM LTE.

General On/Off and EVM are different tests within 3gpp but they are related.  From 2.1, the earliest the transmitter is enabled is set by Off power before the sub-frame start.  The latest the transmitter can be enabled is set by the PLL settling time.  Even when the timing is optimized to ensure Off power limit is meet, the 1st symbol is disturbed.  As 3gpp limits the average EVM across the sub-frame, disturbing the 1st symbol doesn’t affect the average too much.  However customers will complain if the 1st symbol EVM is > 15%. See below for typical On power ramp and 1st symbol EVM plots – Agilent.
[image: image4.jpg]



Figure 4: General On/Off - On Power
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Figure 5: EVM - 1st symbol degradation
2.4. Typical TX On Timing for 5G NR
The sub-frame is arranged differently for 5G.  DMRS is proposed to be at the beginning of the sub-frame which means the ramp-up must occur before the sub-frame and more stable versus LTE. For 5G NR the timing, including the PLL settling time, can be reduced compare to 2.1 but it is more important to ensure the ramp, including PLL disturbance, is settled before the sub-frame start.
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Figure 6: 5G sub-frame - DMRS at sub-frame start]

Based on updates to ramp timing and PLL settling the following ramp-up profile is reasonable.  However as stability of the ramp-up at DMRS(1st symbol) is critical for 5G, allowing margin of 2us is prudent. The proposal is TX ON ramp time be 10 us for sub-6 and due to faster PLL settling times, 5us for mmW.
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Figure 7: Typical TX On timing for 5G NR sub-6
2.5. Typical TX Off Timing for 5G NR

The Off time for 5G NR sub-6 will be similar to that for LTE which does have a lot of margin, see section 2.2.  The proposal is OFF time 10 us.  As mmW will have a much faster turn Off time, 5 us is proposed
Conclusion
Propose On/Off time mask be changed for 5G NR as follows:

· Off to On time for sub-6, 10 us.

· On to Off time for sub-6, 10 us.
· Off to On time for mmW, 5 us.

· On to Off time for mmW, 5 us
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Tx power profile – 5G NR
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Tx power profile – LTE
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Tx power profile – LTE
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