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1 Introduction

I this tdoc we further develop the BS transient’s requirements based on the decisions in RAN4 NR Ad Hoc #2. The current Way Forward, has a range of 3 to 5 µs and we argue how to finalize requirements.
2 Discussion
A couple of relevant requirements were approved In RAN4 NR Ad Hoc #2.

2.1 Decisions from RAN4 Ad Hoc NR #2

The BS Cell Phase Sync requirement was approved to be [1]:
	Cell phase synchronisation

· Definition
· Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.

· Minimum requirement
· The cell phase synchronization accuracy measured at BS antenna connectors shall be better than [3µs].




The BS transient requirement Way Forward [2], stated:
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On the UE side if was decided in [3] to be:

	…
RAN4 has discussed transient period for NR in respect of RAN1 LS. RAN4 has concluded that UE transient period will limit the time from OFF state to ON state and ON state to OFF.  The transient period is less dependent on bandwidth and subcarrier spacing but dependent on carrier frequency and UE architecture. For frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. For self-contained subframe operation, the transient period will be discussed further in RAN4 and RAN1 to discuss possible mitigation of transient period.
…


2.2 GP Dimensioning

The GP is a function of:

The total allocated guard period TGUARD ≥ max TDL_UL + max TAoffset.

Max TDL_UL and Max TAoffset are derived from earlier expressions in [4]:

TDL_UL ≥ TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge))
TAoffset ≥ TSync + max ((TBS off( on), (TUE on( off + Tprop_UE2UE))
This leads to the following expression for TGUARD:
TGUARD ≥ 2* TSync + max ((TBS on( off + Tprop_BS2BS), (TUE off( on + αNLOS *2*Tprop_cell edge)) + 
+ max ((TBS off( on), (TUE on( off + Tprop_UE2UE))

From this we can conclude that the Max of BS and UE transients dimensions the GP. Given the decisions stated in section 2.1, we can already now conclude that the UE transients will somewhat dimension the GP. However as seen in the equation above it is a max of different expression where the base station part includes (TBS on( off + Tprop_BS2BS).  The Tprop_BS2BS depends on different various factors with dependencies not always easy to predict and analyze. In [5] a concern that Tprop_BS2BS could be dimensioning was raised. From the expression, it can be seen that a smaller TBS on( off would compensate for a larger Tprop_BS2BS.
2.3 BS Interference

From above and the fact that the interference scenarios are different as well as related consequences, we should still optimize BS transient times to reduce BS to BS interference. This also to allow for flexible deployments in complex mixed scenarios that could be expected for above 24GHz systems. 

In [5] several solutions are listed to avoid BS to BS interference like: GP dimensioning and to improve the antenna isolation between interfering base stations.

In cases with frequent TRX switching e.g. every slot for fast ACK/NAK response times (sometimes referred as self-contained slot) and in a downlink heavy frame structure it could look like as shown in Figure 1 below.
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Figure 1 BS2BS interference in self-contained high frequency TRX switching frame structure.
As can be seen the single and short UL reception (especially above 24 GHz) are surrounded by DL transmissions in the time domain. Therefore, it could be subject to interference from multiple neighboring base stations. For the DL2UL switching point there will be BS2BS interference even for perfectly synchronized base stations (interference arrives Tprop BS2BS later at victim base station). Reducing base station ON(OFF transient time to a minimum is here the most efficient approach to reduce such interference. The alternative to increase the GP comes with a significant overhead penalty due to the short TRX switching period (7 (14 ( 21% for GP lengths of 1( 2 ( 3 symbols), this is also shown in [7].  

In basically all discussions so far, the general view has been that transient times in the direction ON( OFF is easier to implement than opposite direction (e.g. no stabilization for meeting RF requirements like EVM).

Observation 1: The best way to reduce interference from multiple distant base station and thereby protect sensitive short UL receptions in NR is to keep the base station ON( OFF transient time short. To further exploit that the ON( OFF transition also is easier to optimize, an asymmetrical base station transient specification is proposed for above 24 GHz systems. 
Observation 2: Increasing GP to compensate for long transient times in a frame structure with TRX switching every slot will significantly impact the GP overhead ( 7(14 ( 21% for GP lengths of 1( 2 ( 3 symbols). 

At the same time since the total guard period TGUARD = TDL(UL + TAoffset i.e. as the sum of the guard components around the switching points and the fact that the latter in the expression depends of the base station OFF( ON transient time (interference scenarios are different though), the transient time in this direction must also be kept short.

Observation 3: Since the total Guard Period is made up of its individual components around respectively switching points and even if the ON(OFF direction can be specified shorter, it is still important for the complete system and interference levels to also keep the OFF(ON transient short.

2.4 Energy Efficiency

From previous section, longer transient times will increase the relative interference in the system. Increasing the interference levels will results in more re-transmission and longer time for transmitting a fixed amount of data between the base station and the UE. This will in addition to less efficient use of available spectrum also lead to a higher energy consumption for both base stations and UEs.

Observation 4:  Relative longer transient times will increase the overall interference levels in the system. Increasing the interference levels will results in more re-transmission and longer time for transmitting a fixed amount of data between the base station and the UE. The natural consequence is increased energy consumption in both UEs and base stations.

In addition, in a lean NR architecture and to allow for energy saving techniques taking advantage of idle periods, the transient times must be kept short especially at above 24GHz with its shorter symbol durations. An energy efficient system is also a pre-requisite to reduce thermal dissipation and thereby allowing small form factor products.   

Observation 5: In a lean NR architecture and especially for above 24GHz operation with short symbols, enabling/disabling unused resources in the analog domain fast like transmitters is key for optimizing energy efficiency. 

To summarize a shorter BS transient would reduce the overall BS to BS interference, improve BS energy efficiency and keep GP overhead to a minimum.

In TS 36.104, we have a shorter BS transient at 17 µs compared to a UE transient at 20 µs. It should also be pointed out that base stations and UEs in TDD systems have different interference scenarios (including consequence, likelihood and output power). 

Observation 6: In LTE today BS transients times are shorter than UE transient times.

Given the arguments and observations above we propose:

Proposal: An asymmetric base station transient period specification with TOFF_ON = 3 us and TON_OFF = 2 us for above 24GHz.
3 Conclusion

Observation 1: The best way to reduce interference from multiple distant base station and thereby protect sensitive short UL receptions in NR is to keep the base station ON( OFF transient time short. To further exploit that the ON( OFF transition also is easier to optimize, an asymmetrical base station transient specification is proposed for above 24 GHz systems. 
Observation 2: Increasing GP to compensate for long transient times in a frame structure with TRX switching every slot will significantly impact the GP overhead ( 7(14 ( 21% for GP lengths of 1( 2 ( 3 symbols). 

Observation 3: Since the total Guard Period is made up of its individual components around respectively switching points and even if the ON(OFF direction can be specified shorter, it is still important for the complete system and interference levels to also keep the OFF(ON transient short.

Observation 4:  Relative longer transient times will increase the overall interference levels in the system. Increasing the interference levels will results in more re-transmission and longer time for transmitting a fixed amount of data between the base station and the UE. The natural consequence is increased energy consumption in both UEs and base stations.

Observation 5: In a lean NR architecture and especially for above 24GHz operation with short symbols, enabling/disabling unused resources in the analog domain fast like transmitters is key for optimizing energy efficiency.
Observation 6: In LTE today BS transients times are shorter than UE transient times.

Proposal: An asymmetric base station transient period specification with TOFF_ON = 3 us and TON_OFF = 2 us for above 24GHz.
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BS transient period for OFF to ON and ON to OFF for NR should be specified in below table. 


The transient period for above 24GHz is expected to be decided in the next RAN4 meeting.


The power supply to derive the PA component and power consumption should be also taken into account for this transient period for above 24GHz;








[image: image4.png]BS transient Transient period Transient period
period length [us] for length [us] for
sub 6GHz above 24GHz

Coowon 1 s




