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1.1. Introduction

In the #56 Athens meeting, there were several contributions touching upon the hearability of non-serving cells and delay measurement enhancement methods for OTDOA [2]~[10]. In this contribution we try to address some of the UE implementation limitations when taking measurements for OTDOA.
2.1. Neighbor Cell hearability
When taking measurement of some form of “reference signal” (e.g. PSS and SSS), reference signal for antenna port 0 ~ 3, or newly designed reference signals for location based services) from neighbor cells, not only the received reference signal power and the reference signal processing gain has to be taken into account but also certain UE hardware limitations.
Taking timing delay measurements with PSS/SSS is effected by the cross correlation performance of PSS/SSS sequence. Although the detection performance of PSS/SSS can be enhanced through soft combining of multiple PSS/SSS, the overall detection performance will be limited if multiple PSS/SSS from multiple cells (or some form of fixed sequence signature) happen to be received at similar timings at the UE side. The bandwidth size of the PSS/SSS may also affect the OTDOA time resolution, which effects detection performance.
Another way of taking delay measurements is to take measurement from legacy reference signals. Even with larger bandwidth and total density compared to PSS/SSS, there will be also some performance limitations due to the UE hardware implementation. The hardware limitations are due to the Automatic Gain Control (AGC) and Analog to Digital Converter (ADC). In the event that two signal with large difference in received power is fed into the AGC and ADC, the AGC will adjust the power amplifier gain chain so that the total received signal is well aligned with the dynamic range of the ADC. In this case the received signal with relatively low power may get caught within the ADC quantization error, and become undetectable at the UE side.
Although the UE implementation may vary from vendor to vendor, typical OFDM systems may configure the AGC to adjust the signal amplitude so that ADC dynamic range covers 5σ ~ 6σ, where σ is the received signal standard deviation. This is partly due to the large PAPR properties of OFDM transmission. Given a 10 bit ADC converter, the signal to quantization noise ratio (SQNR) will be approximately 40 dB. Taking into account other UE implementation impairments the smallest identifiable signal at the UE side will be approximately between -34dB to -40 dB, assuming the total received signal power is 0dB.
So if the path loss difference (including the antenna gain effects) between the serving cell and the measurement target cell become large (e.g. more than 30dB), which can typically happen for UE in very good geometry, the UE may not be able to detect the. In order to improve neighbor cell hearability, it would be helpful to take some form of IPDL approaches along with OTDOA. This would effectively remove the strong signal from the serving cell allow detection from weaker neighbor cells.
Additional studies should be done on whether the IPDL are performed OFDM symbol by symbol basis or subframe basis. OFDM symbol basis IPDL would be effectively turning off OFDM symbol which are not transmitting system critical signals, such as P-BCH, RS for antenna port 0 ~ 3, PDCCH, and so forth. It might be possible that the symbol basis IPDL may not so effective when taking measurement from legacy RS and PSS/SSS when considering synchronous cell deployment scenarios. This is because the power from the serving cell cannot be turned off for OFDM symbols where the UE need to take measurements from. However, symbol basis IPDL with an appropriate design of LBS-RS will allow coexistence of legacy RS and LBS-RS in a same subframe while supporting IPDL in the subframe as well. Subframe basis IPDL would be utilizing subframes such as MBSFN subframes. When studying the effects of IPDL, the eNB PA power transition periods, spurious emission, and power ripple effects should be also taken into account.
If studies show that legacy signal sequences are not adequate for measuring OTDOA, we may need to design a location based service dedicated reference signal (from this point referred to as LBS-RS). When designing the new LBS-RS, we should take into account how the IPDL is specified so that it would be possible to utilize the LBS-RS in both synchronous and asynchronous cell deployments scenarios.
3.1. Ideal neighbor cell hearability simulation results
Table 1 shows the detection probability bound of detecting N number of different cell sites, assuming that signal link gains from other cells sites are -30 dB (or -35dB or -40dB) smaller compared to the serving cell signal link gains are not detectable due to AGC and ADC limitations. The link gain here takes into account, path loss, Tx/Rx antenna gain patterns, penetration loss, Tx antenna tilt, Tx antenna front-to-back ratios, and Tx antenna height. These results only show us the detection probability bound assuming an infinite processing gain for the measurement signal.
Table 1. Probability of detecting ‘N’ number of different cell sites
	
	
	Probability of detecting ‘N’ number of different cell sites

	
	N
	1
	<2
	<3
	<4
	<5
	<6
	>7

	C/I
Case 1 (ISD = 500m)
	-30 dB
	3.2%
	9.5%
	12.6%
	16.5%
	18.9%
	21.2%
	100%

	
	-35 dB
	1.7%
	5.5%
	7.5%
	10.5%
	11.6%
	12.8%
	100%

	
	-40 dB
	0.9%
	3.1%
	4.3%
	6.4%
	6.9%
	7.4%
	100%

	C/I
Case 3 (ISD = 1732m)
	-30 dB
	2.4%
	7.7%
	10.1%
	14.3%
	16.8%
	20.0%
	100%

	
	-35 dB
	1.2%
	4.1%
	5.9%
	8.6%
	9.5%
	10.4%
	100%

	
	-40 dB
	0.6%
	2.0%
	3.1%
	4.8%
	5.3%
	5.8%
	100%


According to the results the probability of UE locating in a geographical position which the UE cannot detect no more than 2 different cell sites is almost 10% for C/I of -30dB and 5% for C/I -35dB. Of course these results does not even take into account the actual measurement errors and accuracy. For cases without any form of IPDL in realistic simulations, we can assume far worst results.
4.1. OTDOA measurement methods
Although the actual detection performance of utilizing PSS/SSS along with IPDL should be analyzed first, from speculation detection performance under synchronous networks might be difficult, since IPDL cannot be configured on subframes #0 and #5, especially on the PSS/SSS OFDM symbols. Further studies should be investigated on the feasibility of PSS/SSS detection and measurements under synchronous and asynchronous cell deployments.
Another option of taking measurements is to use legacy LTE RS for antenna port 0 ~ 3 (possibly newly defined LBS-RS). In the case the UE may need to search all possible cell RS/LBS-RS signatures in order for to take measurements, and this can be burden in terms of UE complexity. The use of neighbor cell list, where the UE only search for certain (maximum) number of cell sight candidates, might ease UE implementation. In order to achieve maximum time resolution using RS/LBS-RS, the UE may utilize all available bandwidth of the RS/LBS-RS signature. Although the UE may be able to blind detect the bandwidth of the neighbor cells using cross correlation of RS/LBS-RS, it would be possible with the neighbor cell list to inform the bandwidth of the candidate cell additionally. We believe low detector complexity at UE receiver side should be one of the key factors in supporting location based service in Release 9 so that reduction of UE detection complexity should be considered in LBS-RS design (for example, considering potential benefits of reusing something like PRACH structure). Along with complexity, the time resolution of OTDOA, good cross-correlation properties, and interference mitigation abilities should be considered.
5.1. Conclusion

From initial studies it seems that in order to support of OTDOA efficiently in different cell deployments scenarios and UE locations, further consideration should be taken into account to support some form of IPDL. The top considerations being support of some form of IPDL in legacy subframes and/or MBSFN subframes.
Additionally if support of location based services with already available signals in release 8 seem inadequate, then we may need to design new LBS-RS signals. The new LBS-RS design should take the IPDL design (how and when it is applied), the signal detection complexity in the UE, the time resolution of the signal, and the cross-correlation properties into account.
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