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1 Introduction

The following was agreed at RAN1#84 with regards to the SRS waveform.

· Only wideband SRS transmission in supported in eLAA

· Existing max # SRS RBs for a given system bandwidth is the baseline

· FFS whether or not to extend/shift to # of RBs > max # RBs in the legacy case

· Working assumption: SRS is based on legacy comb structure

· As a baseline, comb = 2 and 4

· FFS whether or not support different comb value(s)

In this contribution, we discuss the remaining FFS points.  
2 SRS waveform

Using the legacy comb structure would obviously minimize the specification and implementation impact. It also fulfils the bandwidth occupancy requirements. With a transmission comb of 4 and 12 cyclic shifts, SRSs from 12*4=48 UEs could be simultaneously multiplexed. Enhanced multiplexing capacity could be achieved by defining larger comb values, however, due to interpolation effects, this deteriorates channel estimation performance. Figure 1 compares the mean square error (MSE) of the channel estimate using a comb of 2 and 6, which shows that the MSE becomes around 7 dB larger. An ETU channel is considered and the SNR is infinite. Hence, increasing the transmission comb value does not seem desirable.
It has been proposed to define a new SRS waveform based on the PRB interlaces defined for PUSCH [1]

 REF _Ref449532730 \r \h 
[2]. This would require major specification impact and change of implementations. The design may also not be straightforward, e.g., as shown in Table 1 in Appendix, the CM can be worse than for the legacy comb structure and some further enhancements may be needed. The performance is also unclear, since cyclic shift separation may require the SRS to be processed per PRB, and not per all PRBs of the interlace. Thus, the effective SRS bandwidth is 1 PRB but it has been shown that the MSE is much worse (an order of magnitude) for narrow band SRS compared to wideband SRS, due to interpolation effects [3]. Moreover, having clusters separated by 10 PRBs would basically prohibit interpolation of channel estimates between the clusters. Hence, practically such an SRS could only provide channel information related to the used interlace. Although it appears that the UE multiplexing capacity is large, e.g., 10 interlaces each allowing multiplexing of 12 UEs assuming a transmission comb value of 1, in practise, a UE should sound through the different interlaces to sound the whole carrier. Hence, this type of SRS transmission does not seem beneficial. 

3 SRS bandwidth

Wideband SRS is defined for 96 PRBs and 48 PRBs in LTE, for 20 MHz and 10 MHz carriers, respectively. The SRS is located symmetrically around the center frequency, thus there are 4 and 2 PRBs, respectively, which cannot be sounded. This is typically not an issue for LTE due to the PUCCH using the PRBs at the edges, however, for LAA, this may not be the case. Moreover, DFT-based channel estimation for OFDM is known to exhibit edge effects, i.e., giving worse channel estimates close to the bandwidth edges of the reference signal. For the SRS, the cyclic shift de-multiplexing is typically done in the time-domain and it will thus face the same issue of edge effects as DFT-based channel estimation. It has been shown that the MSE for the channel estimates is substantially larger at the vicinity of the SRS edges [3]. Hence, it will be inherently difficult to obtain accurate channel estimates by extrapolation for REs located outside the SRS
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Figure 1. Normalized mean square error of the channel estimate for an ETU channel at infinite SNR, using a transmission comb of 2 and 6, respectively.
bandwidth. This was verified in [4], as well as in Figure 1 above, which showed that the MSE increases at the SRS edges and that extrapolation results in very inaccurate estimates. Therefore, there are mainly two options for sounding 100 PRBs and 50 PRBs; bandwidth extension or frequency shifting.
3.1 SRS bandwidth extension

With either 8 cyclic shifts and transmission comb value of 2 or 12 cyclic shifts and transmission comb value of 4, the SRS bandwidth has to be a multiple of 4 PRBs. This is due to that orthogonal separation among the cyclic shifts requires the sequence length to be a multiple of 8 and 12, respectively. A further constraint is that the length of the SRS sequence should be equal to that of a DMRS used for the PUSCH. Hence, it would be possible to define a new SRS bandwidth of 100 PRBs. On the other hand, it would not be possible to define a new SRS bandwidth of 50 PRBs, since it is not a multuiple of 4 PRBs. Therefore, SRS bandwidth extension cannot completely solve the issue.  
3.2 SRS frequency shifting

The SRS frequency position can be shifted in different SC-FDMA symbols to cover the whole carrier bandwidth. This principle is already used for SRS transmission in UpPTS in LTE, where the frequency position is different for the two UpPTSs in a radio frame. For example, in the first half of the radio frame, the SRS in the UpPTS occupies PRBs 4-99 and in the second half of the radio frame, the SRS in the UpPTS occupies PRBs 0-95. Thus, the whole bandwidth could be sounded, if the radio frame contains 2 UL/DL switch-points. With a 96 PRB SRS bandwidth, there would be 5 possible starting PRB index positions, as illustrated in Figure 2. Considering the risk of LBT failure for SRS, it would be beneficial to cycle through all the starting positions, which over time allows any PRB to be sounded. The starting PRB index of the SRS could be determined from a subframe number using a modulo-5 computation, e.g., using the subframe index from the LAA SCell, or the PCell. Similarly for the 48 PRB SRS bandwidth, 3 starting PRB index positions are needed.    
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Figure 2. Example of an SRS with 96 PRBs bandwidth which can cover the whole transmission bandwidth by using different starting PRB indices in different SC-FDMA symbols. 
4 Conclusions
The existing SRS waveform and transmission comb values are applicable for LAA and therefore, the following proposal is given. 

Proposal 1: Confirm the working assumption: SRS is based on legacy comb structure. No new transmission combs are defined.

The existing SRS bandwidths suffice and the principle of shifting the frequency position of the SRS already used for SRS in UpPTS can be applied to sound the whole carrier bandwidth.
Proposal 2: The existing SRS bandwidths of 96 and 48 PRBs are used together with SRS frequency position shifting, where the starting PRB index of the SRS is determined implicitly from the subframe index.
· 5 starting PRB indices are defined for 96 PRB SRS.
· 3 starting PRB indices are defined for 48 PRB SRS.
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Appendix

Table 1. CM results for Comb-like SRS and Multi-cluster SRS.
	Parameters
	Comb-like SRS
	Multi-cluster SRS

	Transmission Bandwidth
	100 PRB

	Total number of SRS REs
	600 RE
	120 RE

	Cluster size
	1 RE
	1 PRB

	Inter-Cluster Distance
	2 RE
	10 PRB

	Number of clusters
	600
	10

	FFT Size
	2048
	2048

	cyclicShift 
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	Cubic Metric
	0.45 dB
	1.64 dB
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