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1. Introduction

The issues of reference signals for UL sounding (SRS) have been addressed in the latest meetings. It has been agreed that one LB is used for UL sounding; however, it is still open the placement of the SRS in frame. Two aspects related to UL sounding in TDD are addressed in this contribution.

2. UL sounding reference signal for TDD frame structure.
UL sounding reference signals are used at least the following purposes:
1. UL channel dependent scheduling

2. Can be used to support DL functions and hence exploit the TDD channel reciprocity.

In both FDD and TDD (for both frame structures) it has been agreed that one LB per TTI is used for UL sounding. Node B has the possibility to adjust the time periodicity which is used for sending the UL SRS. The maximum transmission rate is once every TTI, while the minimum transmission rate can be decided by NB. 

As UL channel dependent scheduling is a working assumption in both TDD frame structures, the UE should have the possibility of sending UL SRS in every sub-frame, no matter of the number of UL sub-frames per frame. In order to perform UL channel dependent scheduling, the UE has to sound the whole (or a big part) of the bandwidth. As narrowband sounding (using FH) is considered, it results that multiple sub-frames are needed in order to sound a wider bandwidth. Hence, if UL channel dependent scheduling is going to be supported, it is critical that the UE has the opportunity to sound in every sub-frame. This does not bring any restriction on reducing the UL sounding, for example once per frame, if UL channel dependent scheduling is not used but for example DL functions (for example DL beamforming) need the support of UL sounding.
A second important aspect from the point of view of TDD system is the placement of the UL SRS in the sub-frame. It has been suggested that SRS can be in either first LB or last LB of the sub-frame [2], depending the use of the UL SRS. 

UL SRS to support DL functions which exploit channel reciprocity

If the SRS is to be used for DL functions which exploit channel reciprocity, the placement of the SRS is of greater importance, assuming that the sounding is needed in every UL sub-frame. The trade-off is between processing time needed to handle the sounded channel and the delay introduced by the sounding. While sounding in the last LB provides a better channel in NB (smaller delay), one has to allow processing time which will induce a delay in using this channel on the DL. On the other hand, of one is exploiting the UL sub-frame duration as processing time in NB, and hence it is sounding in the first LB, the delay is longer. This trade-off should be analysed from the perspective of the whole frame duration, rather then looking at the individual sub-frame. 

One such example in presented in figures 1 and 2. Here we consider TDD type 2 frame structure. In figure 1 SRS is placed in last LB, while in figure 2 in first LB. It is assumed the two sub-frames are needed as processing time. The delay experienced by each sub-frame is shown on the top, in bold font. For example in figure 1, if SRS is sent in the last LB of sub-frame 1, after processing time of two sub-frames, this information can be used on DL in sub-frame 4, hence the delay in channel is 3 sub-frames. Note that during the processing time, the DL is using the channel sounded in the previous frame, hence we experience long delays. Comparing the delays in Figures 1 and 2, it can be observed that even if we exploit the UL sub-frame duration as processing time in NB (figure 2) most of the DL sub-frame in figure 1 are experiencing a better channel compared to figure 2. Hence it is beneficial to send the SRS in the last LB, or at the end of the sub-frame, in case the exact position is still to be decided.
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Figure 1: TDD Type 2 frames with 6DL/1UL. Sounding S-RS is placed in last LB.
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Figure 2: TDD Type 2 frames with 6DL/1UL. Sounding S-RS is placed in first LB.

UL SRS to support UL channel dependent scheduling

If the SRS is to be used for UL channel dependent scheduling, the placement of the SRS is not critical, as the consecutive UL sub-frames are followed by DL sub-frame(s), and hence there is potentially enough processing time at the NB. However, sounding in the last LB of the sub-frame would provide more accurate channel in NB.

In order to simplify the design, the position of the SRS LB should be fixed regarding the further usage of the sounded channel, that is for UL or DL purposes. 
UL SRS and PUCCH

The ACK/NACK capacity of PUCCH channel is a scarce resource for both frame structures in TDD. The FDD rationale [3] regarding the SRS transmission in PUCCH applies to a great extent to TDD as well. We suggest that SRS transmission is not performed simultaneously with ACK/NACK transmission in any of the TDD frame structures. In this way the ACK/NACK transmission in PUCCH can benefit from a better design. As the PUCCH channel is reserved for UL control transmission, there is no need for sending SRS in the PUCCH bandwidth. 
3. Conclusion

In this contribution we have investigated several open aspects related to UL SRS in TDD. It is suggested that every UL sub-frame should have UL sounding capability, giving the NB the possibility to adjust the periodicity in time. If UL SRS is to be used in supporting DL transmission, the placement should be at the end of the sub-frame. This enables the usage of a shortest-delay channel on the DL. 
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