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1. Introduction
In the last RAN4 meeting, some factors related to E-UTRA TDD ON/OFF time mask were discussed in [1,2]. This document further discusses the UE transmit power ON/OFF time mask for E-UTRA TDD.
2. Discussion
2.1 Transmit off power
In TDD mode, various users are transmitting and receiving on the same frequency band. A maximum transmit output power in the transmitter idle mode has to be defined in order not to affect other nearby receiving mobiles or BSs. Then the received power due to a nearby UE has to be below the noise floor. Considering the characteristic of variable channel bandwidth in LTE, it is proposed to define transmit OFF power in terms of PSD in 1MHz. 
Then the maximum acceptable transmit off power level can be represented as following

Transmit off power level [dBm/MHz] < (174 [dBm/Hz] + 10log (1 [MHz]) + NF + MCL,

Assuming a minimum coupling loss (MCL) of 40(dB between mobiles and a noise figure (NF) of 9(dB for the UE, then we can get:


Transmit off power level [dBm/MHz] < (114 + 9 + 40 = (65dBm/MHz
So a UE’s power should be lower than –65dBm in idle mode to avoiding sensitivity degradation for other UE receiver.
2.2 Time mask

When the E-UTRA TDD UE changes from DL to UL or from UL to DL, it will need time TUE,Rx-Tx for ramping up or TUE,Tx-Rx for ramping down. Also in order that the eNB can receive the uplink signal at expected time, UE should transmit by timing advance, the value of which is determined by round trip propagation delay. All the above mentioned time periods should be accounted for in the guard period between DL and UL in E-UTRA TDD frame. Meanwhile, considering that synchronization error always exists between eNBs, a UE can not switch on its transmitter immediately after DwPTS reception in order to avoid interference to a nearby UE receiving DwPTS from other cell. This factor should also be considered in the GP. So the time period of GP accommodates the following 5 parts, as shown in figure 1.
1. DL propagation delay;

2. eNB synchronization error;

3. Time for UE ramping up;

4. Time for UE ramping down(additional UL timing advance);

5. UL propagation delay.
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Figure 1 illustration of UE ramping up in GP

From the above, the UE ramping time is determined by, 

RTT + TUE,Rx-Tx + TUE,Tx-Rx +T,BS-BS error< GP
The GP is configurable and can last from 1 to 10 OFDM symbols depending on different cell size. When the cell radius is below 2km, 1 symbol (2192∙Ts) is configured for GP. The UE uses preamble format 4 to access and the preamble shall start 4832∙Ts before end of the UpPTS at the UE, which mean the maximum RTT is 14.58us. Assuming eNB to eNB synchronisation error as 3us, we get
TUE,Rx-Tx + TUE,Tx-Rx < 71-14.58- 3
                     TUE,Rx-Tx + TUE,Tx-Rx <53.42us
When the cell is required to support a maximum radius of 100km, the GP is configured 10 symbols (714us). The maximum RTT time corresponding to this case is up to 667us. Assuming eNB to eNB synchronization error as 3us, UE power ramp up and ramp down time is:

TUE,Rx-Tx + TUE,Tx-Rx < 714 – 667-3 = 44 (us)
Based on the above discussion, the limiting value for UE ramping up and ramping down is 44us. Consulting UTRA TDD time mask in [3], we propose to use 30 us for UE ramping up and 15us for UE ramping down, as shown in figure 2.
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Figure 2: Transmit ON/OFF time mask for E-UTRA TDD UE

The TUE,Tx-Rx is created by timing advance. In order to distinguish between the TA for TUE,Tx-Rx and that for RTT. We term the TA for TUE,Tx-Rx as additional timing advance. From above transmit power ON/OFF time mask, an additional UL timing advance of 15us is needed to create TUE,Tx-Rx from UE power ramping down point of view. While it should also be pointed out that the time required for BS ramping up TBS,Rx-Tx is also created by timing advance. So the additional timing advance value is determined by MAX (TUE,Tx-Rx, TBS,Rx-Tx). In [4], a 7us is seen feasible for BS power ramping up. So, the UE ramping down time is the limiting factor and a minimum value of 15us should be considered for additional timing advance.
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Figure 3: Uplink to downlink guard period creation by additional timing advance

3. Conclusion
The document discussed transmission ON/OFF time mask for E-UTRA TDD UE and additional UL timing advance for UE ramping down. From the discussion, a proposal on transmit ON/OFF time mask is given and the required additional timing advance is proposed to be 15us.
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