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1. Introduction
When specifying the time dependent behavior of the transmitter it becomes necessary to clarify exactly which requirement that is valid during what period of time. For example transmitter output power accuracy has no meaning when the transmitter is turned off. To avoid ambiguities the specification has to take into account the time dependent behavior.

2. Normal subframes
We first consider the case when a subframe only contains data or control signaling i.e. PUSCH or PUCCH without the SRS.

2.1 Position of the ramps

The ramping up from the off state to the (possibly full) transmit power can in principle be done outside of the subframe, inside of the subframe or somewhere in between. The problem with ramping inside the subframe is that the first and last SC-OFDM symbol is degraded. On the other hand if the ramp is placed outside the first and last symbol are not affected, but the ramps will instead create interference to the neighbors. The problem is that adjacent will also create interference to the symbols discussed, so even it the signal is error free there will be more noise.
If we view the ramps from other users as noise and assume that the signal energy inside the subframe can actually be utilized, even if the levels are slightly off it is reasonably clear that only a limited amount of energy should be allowed to leak outside of the own subframe. On the other hand the part from off power to some middle value could be done outside of the ramp, if the mask is defined stepwise. That way the transmitter can quickly reach the nominal power, while limiting the noise energy that leaks into the adjacent subframes.
This creates a similar shape of the ramp as in UTRA where parts of the ramp is inside and part is outside. However here we put a ceiling to the first part of the ramp to ensure that the adjacent subframe noise is limited. We believe this level could be 30 dB below the output power.
2.2 Averaging of power

The instantaneous power levels vary for the transmitted signal so some kind of averaging is necessary to obtain a stable measurement and also to simplify the measurement equipment. This is also done for WCDMA. For GSM the current time masks are based on constant envelope which results in smaller variation. We simply propose to average over a maximum of an entire subframe. When the timespan is shorter, e.g. for the “out of subframe interference” the timespan of the requirement is used instead as the averaging period.

2.3 Timespan of requirements
Different requirements should apply during different time periods. Among requirements that apply at all times are the spurious emission requirements.
Many other requirements only apply when the UE is actually transmitting. The requirements of power control accuracy and power dynamics should only apply when the transmitter is actually on. The same is true for the ACLR requirements. Another thing to note is that the occupied bandwidth is only defined when the transmitter is on.
However there is one complication with the transmit signal quality requirements. Since the measurement is based on demodulated SC-OFDM symbols it is clear that the timespan for the requirement must be set on a border of the SC-OFDM symbols. Thus the quality requirements should be valid over the entire subframe even though some ramping occurs in the first and last symbol. Since the ramps occur inside the symbols the ramping times will affect the EVM levels achieved.
2.4 Ramp times

Finally we should discuss the ramp times. For the full ramp, i.e. from off to full power the swing is roughly from -65 dBm (or so) to 23 dBm.  This gives a swing of 90 dB. The 30 dB proposed consist of a third of the ramp. If we assume that the ramp is roughly linear in dB scale it indicates that a third of the ramp should be inside of the subframe. Ramp times of 30 us seems reasonable from an implementation point of view.
This very rough first approximation gives 10 us of ramp inside the subframe and 20 us outside.

2.5 Summary of the normal mask

The features we have discussed in this section are summarized in figure 1.
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Figure 1. Power mask for the normal case
3. Subframes with SRS or SRS only

The SRS can be used for channel estimation needed for frequency dependent scheduling. The SRS is short, only one SC-OFDM symbol, and is placed last in the subframe. The quality of the SRS has to be good enough for channel estimation. However the ramps should not produce too much interference to the adjacent symbols and subframes. The SRS is so short that the accurately setting the power may be difficult and thus the quality of the SRS may not be so good anyway.
At the same time the amount of interference created to the other users should be kept to a minimum. There is a difference in the time required for turning the power on for a transmitter turned completely off and the time required for changing the power for an already operating transmitter.

We suggest that the ramps are allowed to take 15 us when the transmitter is on next to the SRS. This should give suitable time for settling the power to a stable value for the SRS. When the transmitter is off next to the SRS the same ramp time as previously is used.

The proposed mask for the SRS is described in figure 2.
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Figure 2. Power mask for SRS
4. Other things noteworthy

The uplink subframes must be scheduled together without any time in between the subframes. For FDD this is obvious since the uplink is active at all times. For UTRA-TDD there is the possibility to reduce the “ramping” interference between users by inserting small guard intervals between the users. However consider the case in figure 3. Here three users are scheduled during two subframes. One user is allocated two consecutive resource blocks while the other two users have allocations in one subframe each.
It is easy to realize that if a small guard interval is inserted between user 2 and 3 the SC-OFDM structure is compromised since the symbols will not align. This will create a lot of interference. Thus even for the TDD uplink the subframes need to be scheduled next to each other.
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Figure 3. Three users scheduled in the uplink
For this reason we think the same masks should be applied for TDD and FDD UEs. This should also simplify implementation of multi mode terminals.
5. Summary
In this contribution we propose two masks that ensure limited interference to adjacent users as well as keeping the SRS quality high. We also think that the masks should be the same for TDD and FDD to maximize commonality.
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