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Introduction
The placement of power transients have been discussed in conjunction with the SRS.

SRS can be used to estimate channel conditions for scheduling purposes, for power control and for user specific beamforming in the TDD modes. In addition the SRS can be used for timing estimations and for link adaptation purposes.
Transient impact on SRS

To understand some of the impact of the ramps on the SRS we have performed numerical experiments on a symbol. We make a ramp of 10 us on one side of the SRS and compare the outcome to an undisturbed SRS. The results can be found in figures 1 to 3.
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Figure 1: SRS of width 4 RB without any power ramp.
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Figure 2: SRS of width 4 RB with 10 us power ramp.
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Figure 3: SRS of width 32 RB with 10 us power ramp.

We have selected estimated SNR as the evaluation parameter since this is the measure that will be used for scheduling decisions. It also provides an estimate of the SRS quality.

For the undisturbed SRS in figure 1 we see that we can correctly estimate the SNR for a wide range of signal levels. In figure 1 we present a SRS of width 4, but the behavior for 32 is the same (and is expected to be the same for all bandwidths).

When we apply a 10 us ramp to the SRS we can see that a few things happen in figures 2 and 3. For the single user case (red line) the estimation error becomes larger as the SNR increases. There is essentially a ceiling for the SNR that can be estimated.
When there are multiple users multiplexed on the SRS (blue and green lines) the estimation becomes larger more quickly. This is an indication of lost orthogonality for the SRS from different users.

Lost orthogonality makes estimating the individual channels for each user more difficult.

For longer transients the overall trends are the same, but estimation errors occur for lower SNR.

Proposed time masks
We have seen that the SRS is a symbol that needs to be protected. Thus we propose that the power change transients are placed outside the SRS when there is data/control signals adjacent. This behavior is already agreed when the SRS is sent as a standalone symbol.

In figure 4 we outline the proposed masks that protect the SRS.
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Figure 4. Proposed SRS power mask together with PUSCH/PUCCH

Conclusion

The SRS symbol is important for a number of purposes in LTE. The impact of placing ramps inside the symbol is large, especially when users are multiplexed on the SRS resource. Thus we propose placing the ramps outside the SRS not only when the SRS is sent standalone, but also for the case when it is adjacent to other transmissions.
PUCCH/PUSCH





SRS





PUCCH/PUSCH





Transient�30 us





ON power requirement





Transient�30 us





SRS power�requirement





ON power requirement





Subframe�Boundary








