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1. Introduction
In the RAN1-50, the agreement of the SRS sequences with RPF=1 or 2.  The indication of SRS transmission is also agreed.  However, the multiplexing of the SRS with PUCCH (ACK/NAK or CQI) is for further study. This document discusses the performance impact of the SRS allocation. This document also discusses the sounding bandwidths and the multiplexing with ACK/NAK or CQI.  
2. The SRS Allocation 

The symbol allocation of the sounding RS has many different options.[1], [3], [4], [5]. One of the options is to have the allocation of SRS symbol in the RACH sub-frame as shown in Figure 1.  The advantage of transmitting SRS in the RACH subframe is that the bandwidth loss for the SRS is 1.08 MHz less than those non-RACH sub-frames.  The drawback is that the mutual interference between the SRS and the RACH.  If the SRS demands to transmit more frequent than the RACH transmission cycle, it will have to transmit at the non-RACH subframe.  We propose to have the SRS allocated at the non-RACH sub-frame the same symbol at that at the RACH sub-frame.  This could prevent any signaling overhead for indication of the SRS symbol allocation.     
The proposed SRS symbol allocation is the last symbol of the RACH sub-frame.  First, the SRS is not a time critical process within the sub-frame. Secondly, the SRS symbol allocation at the last symbol of the RACH sub-frame will have the minimal mutual interference to the RACH.  The interference from the RACH to the SRS is much more severe than that of the SRS to the RACH.  The SRS receives no interference form the RACH since the RACH preamble detection only retrieves the  central fraction 0.8 ms preamble  of 1 ms sub-frame for all users.  The RACH frame structure has 0.1 ms cyclic prefix (CP) and 0.8 ms RACH preamble.  There is also a 0.1 ms gap period (GP) in the end for the avoidance of the interference to next symbol caused by propagation delay.  The 0.1 ms GP is designed to cover the propagation delay of the cell up to 15 km cell radius.  The interferences from SRS toRACH preamble at the last symbol are caused by those RACH transmissions with large propagation delay.  Thus, the interference from the RACH to the SRS is much weaker comparing to that of SRS allocation at other symbols.  The SRS symbol duration is around 0.075 ms.   If the cell radius is less than 3.75 km, there is no interference between the SRS symbol and the RACH preamble since the largest propagation delay is 0.025 ms only.  
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Figure 1: SRS allocation and SRS bandwidth
3. The SRS Bandwidths and Multiplexing with PUCCH
The full bandwidth for the SRS would provide the complete spectrum of the channel condition for the frequency selective scheduling.  The UE power limitation sets the constraint on the supportable sounding bandwidth.  Thus, the RPF is agreed to be 2 to allow the comb case for multiplexing different bandwidth.   Since the design of the SRS comb is based on the UE power limitation, the sounding bandwidth should be simply categorized into two classes – broadband and narrowband.  The broadband sounding RS provides the channel response of full spectrum at one time.  The narrowband sounding RS provides the channel response of selective spectrum at a time.  It requires multiple time instance narrowband sounding RS transmission for each sub-band to complete the full-bandwidth channel response.  The simulation results of different sounding BW performance are shown in [1] with conclusion that large SRS bandwidth provides better results except those with low power spectral density.  
The SRS bandwidth should not include the PUCCH spectrum.  The SRS is designed for frequency selective scheduling.   Since the PUCCH locates at the boundary of the spectrum with frequency hopping all the time, the PUCCH would not use the SRS for the resource allocation.  The SRS bandwidth should exclude the PUCCH spectrum allocation as shown in Figure 1.   To maintain the single carrier property in SC-FDMA, the PUCCH symbol is punctured when the SRS is transmitted for the specific user.  The PUCCH symbol for other users has no direct impact if the SRS bandwidth excludes the PUCCH spectrum. Therefore, we propose to have the SRS bandwidths as follows,

· Broadband SRS: Full bandwidth – PUCCH bandwidth

· Narrowband:  1.08 MHz (6 RBs).   
4. Conclusion
This document presents the analysis of SRS allocation and SRS bandwidth.  The SRS is proposed to locate at the end of the RACH sub-frame.  The SRS allocation at the RACH sub-frame minimizes the loss of the RBs for SRS.  The last symbol of last RACH sub-frame minimizes the  interference from the RACH to the SRS and creates no interference from the SRS to the RACH The SRS bandwidth is considered to have Broadband at full bandwidth excluding the PUCCH bandwidth and narrow band SRS at 1.08 MHz.  The last PUCCH symbol is punctured to maintain the single carrier property for the user transmitting SRS and has no change for other users.  
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