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1. Introduction

The time required to transmit SRS on a DL TDD component carrier was discussed in [1] and [2].  In this contribution, we also analyze this switching time requirement.
2. Discussion  
The motivation to enable transmission of SRS on DL TDD component carriers is to be able to improve the DL on that carrier by virtue of TDD channel reciprocity.  However, in order to realize an overall gain, the associated interruption time should be kept to a minimum.  In previous studies, the required switching time was considered and suggested to be either in the millisecond range [1] or approximately 130 us [2].  Clearly, there is a wide discrepancy between these two suggestions which is likely to have a significant impact on the achievable gain of this SRS switching feature.  A closer investigation into the required switching time, however, does confirm that there can be a wide discrepancy in required time depending on a number of factors.

Firstly, we consider the factors that influence the required switching time.  LO tuning and PLL settling time are certainly factors that lead to delay since the SRS requires transmission on another carrier, either inter-band or intra-band.  Typically, the LO tune time requirement is bounded by 200 us except for some specialized cases as indicated in [2] where it may be faster.  However, besides LO tuning there are other factors that may also be relevant.  Transceiver and PA configuration requires the loading of calibration tables as a function of band, channel number, bandwidth, temperature, transmit power level, and other parameters to order to ensure that the transmitter meets requirements and performs optimally and efficiently.  The configuration time of the transceiver and PA may be on the order of several milliseconds depending on the complexity and degree of optimization within the tables and the speed of the programming interface.  There is also the front-end mapping which may be required.  In a given handset design, the transceiver has a number of Tx ports but each of these ports may be optimized for a particular frequency range, each of these ports may be mapped to particular RF front-end components such as PA’s, filters, and integrated modules supporting only a particular band or a group of bands, and each of these may be mapped to a particular antenna or to only a subset of the total available antennas on the device.  In a practical handset design, there is not infinite flexibility but rather only a finite set of mappings that are supportable.  If transmitting the SRS on a band, because of practical handset design, requires a remapping of ports or the front-end, the time required may be much longer since remapping also likely implies reconfiguration of aforementioned transceiver and PA parameters.  Some of these operations may be able to be conducted in parallel in advance of the SRS transmit slot as suggested in [2], but this depends on the hardware and software implementation and limitations.

It is evident that a large variation in required time to switch the SRS transmission depends on the scenario (i.e., the particular band combination) and on the implementation, of which there may be a multitude.  One approach to answering the question from RAN1 regarding the time requirement would be to quote the worst case; i.e., the largest time requirement would be on the order of several ms.  However, this is not likely to be a useful response to assist RAN1 in further studies.  We therefore seek to find a more thoughtful response.

It can be envisioned that there are cases where the required time to switch for transmission of SRS on an SCell is zero.  For example, if there exists a UE that happens to have an extra Tx chain available suitable for this band, and if this spare Tx chain can be powered on, configured, and tuned in advance of the SRS transmission timeslot, then the switching time can be near-zero.  This presumes not only that the hardware is available, but also that the SRS transmission timeslot is known well in advance; i.e., periodically scheduled, so that it is possible to pre-configure the hardware with sufficient notice.  If the SRS transmission timeslot is not known with sufficient notice, then the other option is to continuously leave the spare Tx chain powered, configured, and tuned.  However, in such a case, one would naturally expect a power consumption penalty which is not likely practical.
It can also be envisioned that there are cases where the required time to switch is approximately 200 us.  This is the time required to tune the LO, assuming that it was possible to pre-configure the transceiver, PA, and front-end.  This might be the case for intra-band carrier aggregation where it is only required to retune the LO to transmit SRS on the SCell in the same band.  
For implementations and scenarios where there is not an extra Tx chain, then it is expected that a common Tx chain will need to be time-division multiplexed between two or more component carriers to transmit the SRS.  This scenario will require approximately 1ms to switch where some of the preconfiguration may be able to be done in advance, but other radio-hardware-related configuration and warm-up cannot be accomplished while the Tx chain is serving another carrier.
Therefore, one conclusion to the time requirement for SRS switching is that the delay can be quantized in four values as either 0 us, 200 us, 1 ms, or longer.  The delay incurred depends on the hardware and software capability of the UE.  Moreover, the delay depends also on the scenario.  For example, intra-band may incur a longer delay than inter-band.  In fact, some band combinations may require longer delay than others depending on the reconfiguration required.  The ability to support switch across three carriers might be more than across the first two.  Because of the uncertainty and the dependency on implementation and scenario, it may be most appropriate for the UE to be able to signal the delay required upon CA configuration.
3. Conclusion
This contribution discusses the sources of delay in supporting SRS transmission on another carrier other than one that is currently transmitting.  It has been found that there are a number of sources of delay and the extent to which they impact the required switching time heavily depends on implementation as well as scenario.  It is described that the switching time might be quantized into a set of discrete values that the UE might be able to report to the network.  We suggest 0, 200us, 1 ms, and longer as four discrete values.  If such an approach is considered, the details of feasibility and how beneficial this would be should be further studied.
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