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1 Introduction
The E-UTRA TDD BS transmit ON/OFF time mask is discussed in [1] in the previous meeting.  This document investigates the time mask further and proposes a time mask.
2 Interference from BS Power Ramping

When the TDD BS changes from UL to DL or DL to UL, it will need to ramp up or ramp down its power.  In the process of doing so, it may cause interference to nearby BS due to timing error and propagation delay.  This section looks at the scenarios that cause interference.
2.1 Power Ramp Up, Tup
When the BS switches from uplink reception to downlink transmission, its transmitter needs to ramp up its power.  The power ramp up needs to occur prior to downlink transmission so that the desired power is reached at the start of the downlink timeslot.  Let the ramp up time be Tup.  Figure 1 shows the interference caused by BS1during power ramp up into BS2 uplink timeslots.  This interference can be avoided if BS1 ramps up its power later in the guard period, TGuard (i.e. a shorter Tup).  In UTRA, the BS2 may continue its reception in the guard period to capture multi-path signals from its UE and this may be interfered by the power ramp up in BS1.  Hence, Tup can be calculated as [2]:
Tup = TGuard – TMaxDelay – ErrTiming – ErrSynBS + TPropagation



(1)
Where,

TGuard = Guard period

TMaxDelay = Maximum delay spread

ErrTiming = UE timing error

ErrSynBS = Synchronisation error between BS1 and BS2

TPropagation = Propagation delay between BS1 and BS2
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Figure 1: Interference due to BS power ramp up
2.2 Power Ramp Down, TDown
In switching from downlink transmission to uplink reception, the BS will ramp down its power before the start of the uplink transmission.  The power ramp down will occur within the guard period.  Let the ramp down time be TDown.  Figure 2 shows the interference into BS2 caused by BS1 power ramp down.  During power ramp down, in addition to the direct path interference from BS1, the multipath from BS1 transmission will further interfere into the uplink timeslot of BS2.  Once again, the interference can be avoided if the ramp down time, TDown is shortened.  Hence, TDown can be calculated as [2]:
TDown = TGuard – TMaxDelay – ErrSynBS – TPropagation




(2)
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Figure 2: Interference due to BS power ramp down
3 Transmit ON/OFF Time Mask for E-UTRA TDD BS
In E-UTRA TDD frame structure type 1, guard period in the form of idle periods are available at the downlink to uplink switching point.  The idle period is configurable and can last from 1 to 5 OFDM symbols, depending upon the cell size (i.e. maximum Round Trip Time). 
The uplink to downlink guard period is created by means of timing advance.  Here, the uplink transmission is shifted earlier in time into part of the idle periods (at the downlink to uplink switching point) thereby creating a guard period at the end of the uplink transmission.  This is illustrated in Figure 3.
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Figure 3: Uplink to downlink guard period creation by timing advance
In deriving TUp and TDown, the minimum idle period, Tidle of 1 OFDM symbol or 71.4 (s is assumed.
3.1 BS Ramp Up Time, TUp
Equation (1) will be used to derive TUp.  Here it is assumed that the ErrTiming and ErrSynBS are similar to those in UTRA [3] that is ErrTiming = 1 (s (3 chips) and ErrSyncBS = 3 (s.

In E-UTRA, the cyclic prefix is used to overcome ISI.  Therefore, there is no need for the BS to continue to capture multipath components that appears in the guard period.  Hence, TMaxDela = 0 (s.

The propagation delay, TPropagation is 0 (s when the Base Stations are co-located.  For same geographical area, TPropagation is greater than zero and the interference from BS1 to BS2 is likely going to be less than that of the co-located scenario. Therefore, TPropagation = 0 is the limiting factor and TUp defined for co-located case will also be able to meet the same geographical area case.  
The guard period, TGuard is dependent upon the amount that the uplink is time advanced.  This amount isn’t specified in RAN1.  Here we assume that the TGuard will take up 10% of the idle period or 7.14 (s.  

Using the values described in this section and substituting into Equation (1) we have:
TUp = 7.14 (s – 0 –1 (s – 3 (s + 0 = 3.14 (s

3.2 BS Ramp Down Time, TDown
Equation (2) will be used to derive TDown.  For co-located BS, we assume that the direct path (from BS1 to BS2 in Figure 2) is much stronger than the multipath and hence we can set TMaxDelay = 0 (s.  For same geographical area, it is assumed that the cyclic prefix determines the maximum delay spread.  Here we use the longest delay spread that is TMaxDelay = 33 (s.  

TGuard is what is left of the idle period after part of it is used for the guard period at the uplink to downlink switching point.  Hence TGuard = Tidle – 7.14 (s = 64.26 (s.  Substituting these variables into Equation (2) we have for co-located BS (in (s):
TDown (co-located) = 64.26 (s – 3 (s =61.26 (s

For same geographical area, TPropagation assumes a BS to BS separation of 500 m as in [2], which gives TPropagation of 1.67 (s.   Hence, using Equation (2), TDown for same geographical area is:
TDown (same geographical) = 64.26 (s – 33 (s – 3 (s – 1.67 (s = 26.59 (s
3.3 Transmit OFF Level

The transmit OFF level is the maximum power emitted by the BS before TUp or after TDown.  Here the OFF level is determined based for co-located BS and BS in the same geographical area.

For co-located BS, the coupling loss is 30 dB.  Given that more than one channel bandwidths is available in LTE, the OFF level is defined in dBm/Hz.  In [1], the OFF level is derived based on a BS noise figure of 5 dB and a 0.8 dB noise rise.  This gives an OFF level of -147 dBm/Hz.
For BS in the same geographical area, the coupling loss is 70 dB.  Using the same BS noise figure and noise rise as in [1], the OFF level is thus -107 dBm/Hz.

Using TUp and TDown derived in previous sections, the TDD E-UTRA BS transmit ON/OFF time mask is shown in
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Figure 4: TDD E-UTRA BS transmit ON/OFF time mask
4 Conclusion

A BS transmit ON/OFF time mask is derived for TDD E-UTRA with the aim of avoiding interference to nearby BS.  The derivation of the time mask assumes that the guard period created by means of timing advance at the uplink to downlink switching point is 10% of the shortest idle period (i.e. 1 OFDM symbol).  It is proposed to use this time mask as the current working assumption in developing the specifications for LTE.
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