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1 Introduction

RAN3 sent an LS to RAN4 asking for their input on the range for the Number of SRS Transmissions IE in TS 36.455, the LPPa specification.  This contribution discusses the rationale behind the range that exists in the support of NBPS in TS 36.455 [1].

2 Discussion

The number of SRS transmission and the Bandwidth is captured in section 9.2.X of the existing CR [1]. The CR was approved in RAN3#78.  Section 9.2.x is copied below as a reference for the discussion here.  

9.2.X Requested SRS Transmission Characteristics

The purpose of the Requested SRS Transmissions Characteristics information element is to inform the eNB of the number and bandwidth of periodic SRS transmissions requested for the UE for the purpose of UTDOA positioning.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NumberOfTransmissions
	M
	
	INTEGER (10..500,…) RAN4 to confirm range.
	The number of periodic SRS transmissions requested

	Bandwidth
	M
	
	INTEGER (1..100,…) 
	The requested bandwidth of the SRS transmissions, the value of which corresponds to the number of resource blocks requested to be allocated.


2.1 System level Simulation conducted in RAN1
The simulations parameter agreed in RAN1[2],  for the number of transmission was 50 as a baseline and it was noted that other numbers should be simulated. It was readily found out by several companies that higher number of transmission from the baseline would be required to meet minimum heariblity requirement for Network based positioning. Several companies conducted system level simulation with full SRS BW with 200 or 100 SRS transmissions for 5MHz and 10MHz system BW respectively [3]. These simulations results were evaluated by RAN1 for feasibility study of the technology. As was clearly demonstrated by these system level simulations, both SRS BW and the number of transmission directly impact the detection level of the SRS signal and dictate the herarbiltiy. 
2.2 Link Level analysis with varying SRS BW
A simple link level analysis can also show the number of SRS transmissions that would be required for different system BW or SRS BW. The system level simulation conducted for 5MHz system BW with 200 transmissions could be taken as reference here for the link level analysis. To keep the analysis simple an AWGN channel has been assumed here. As shown in the figure, with full SRS BW (sequence length 144) and 200 transmission, signal detection could be achieved down to -25.8 dB SINR. For 5MHz system BW, the Figure 1 below also shows the SINR detection level at the LMU for varying SRS BW and number of transmissions.
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Figure 1 SRS detection level for 5MHz system BW
The system level simulations, conducted by a number of companies [3], have underlined the fact that the SINR of the SRS transmission will be in the vicinity of-24 dB at the neighbouring LMU(s), for a significant number of UE(s) located within the cell. Hence, the simulations have used SRS transmissions from 100-200 with full SRS bandwidth configuration to achieve minimum LMU participations for triangulation. These SINR levels at the neighbouring eNB(s) or LMU(s) will be in line with other studies conducted for PUSCH, since both SRS and PUSCH transmit power are maintained at the same level. It is also understood that for different deployment topology and load/interference condition, the SINR at neighbouring LMU can go further down. 

In Figure 1, it is shown that if half (sequence length 72) of the full SRS BW is allocated by the eNodeB, the SINR detection level take a direct 3db hit. In this case, SRS transmission from a significant number of UE positions in a cell will not be detected by the neighbouring LMU(s). It would be necessary for this case to increase the number of transmission to achieve the minimum herability required for the Network based positioning. 
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Figure 2 SRS Detection Level for 1.4 MHz system BW
For System BW lower than 5MHz, the SRS detection level will deteriorate further even for full SRS BW case. In those cases increasing the number of transmission will be the only way to guarantee that a minimum number of LMU(s) will be able to detect the SRS signals transmitted from the UE(s).  Figure 2 above shows the SRS detection level for 1.4 MHz system BW for 200 and 400 transmissions with full SRS bandwidth.  
3 Conclusion

From the detection curves in both Figure 1and Figure 2 above , it is clear that there should be sufficient  range, in terms of signalling from E-SMLC, to increase the number of transmission to meet the minimum requirement of hearbility for the Network Based positioning for different BW, topology and load conditions.  The number of transmission range, 10 to 500, as captured in section 9.2.X of the existing CR [1]  is required to achieve the minimum level of detectibly for different scenarios.  

4 Recommendation 
Based on the discussion, Andrew Corporation recommends that RAN4 respond on the LS with the following statement:-
“RAN4 has analyzed the SRS transmission range for NBPS and believes that the range, 0 to 500, captured in the RAN3 specification meets the minimum requirement”. 
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