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1 Introduction

In the RAN #57b Los Angeles meeting, many essential issues on DL OTDOA have been agreed. At the same time, there are still some issues that have not been decided, for example, whether the PDSCH should be transmitted in the PRS subframe.
In this contribution, we made some analysis on the impact of PDSCH transmission in PRS subframe, including the signaling needed, PDSCH performance and the interference to the PRS detection. Some simulation results are also presented. From the discussion and simulation results, we suggest that PDSCH should not be transmitted in the PRB with PRS.
2 Discussion 
For OTDOA positioning, PRS subframe has been adopted to improve the hearability. The adopted baseline pattern named as E-IPDL assuming that only cell-specific RS and PRS are allowed to be transmitted during the PRS subframe [1]. And all the corresponding evaluations are based on this assumption [2]. During the discussion of PRS, the evaluation concerned with PDSCH is about whether the CRS is enough for positioning [3][4]. The conclusion is that with the interference of data, the CRS is insufficient for positioning target [4]. In [5], the PDSCH carried by partial of the PRS subframes has been proposed as a method to reduce the overhead. However, in such a method the measurements would be taken only when the normal subframes carry the CRS only, which leads to the increasing of measurement time. 
When talking about PDSCH in the PRS subframe, one case is that the PRS occupy partial of the system bandwidth (configured with 
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by higher layers). In this case, the rest of the bandwidth not allocated to the PRS should be utilized for PDSCH transmission. And it is an efficient way to reduce the overhead. Another case is for the PRB with PRS, if the PDSCH is carried in the PRB with PRS, the PDSCH should be either punctured by the PRS on the RE level or rate matched to the non-occupied RE. In the following, we will discuss the impact of the PDSCH transmitted in the PRB with PRS.
Signaling overhead 
When PDSCH is considered in the PRB with PRS, no matter the PDSCH is transmitted in the punctured way or the rate matched way, all the UEs in the cell need to know the PRS subframe configuration. Otherwise the UE will treat the PRS as data (for punctured method) or mismatch the data rate (for rate matched method). Thus a periodic cell specific signal is needed to indicate the positioning subframe configuration. This kind of signaling should be transmitted in the BCCH. 
It is recommended by RAN1 that the range of PRS periodicity is from 160ms to 1280ms. That is, the possible overhead of PRS is at the level of 0.08% to 0.6%. Obviously, introducing a periodic BCCH signaling just for the not more than 0.6% resource is unworthy. In addition, the potential error case caused by the signaling indication mechanism should also be considered.
Performance of PDSCH in PRB with PRS
Considering the compatibility, in the following only the punctured method is discussed. 
In this case, Rel-8 UEs have no knowledge of the PRS pattern. If the PDSCH is transmitted for the Rel-8 UE, the UE does not know that some of the RE has been punctured and will treat them as data REs. Then the corresponding detected error will degrade the performance greatly. 
Furthermore, PRS is designed to ensure the measurement for the UEs in the neighbor cells, even the UEs is located at the center of the cell. Power boosting can be used for the PRS to improve the hearability. When PDSCH is transmitted in the PRB with PRS, it will suffer the high interference from the PRSs of neighbor cells. And the performance will get worse with the PRS puncturing. Thus the purpose of improve the spectrum efficiency is suspectable. 
There are some other restrictions for the PDSCH in the PRB with PRS list as following:
· Considering the collision between the PRS and the DRS, beamforming is not a suitable mode for these PDSCH.
· Considering the PRS allocation in the RB, many REs of the PDSCH would be punctured if PDSCH is transmitted. So SFBC is also an unsuitable mode because of the requirement of concatenate subcarriers.
Except transmission mode 1 (signal antenna port scheme), all the other transmission modes may fall back to transmit diversity mode, while mode 7 is for beamforming scheme. The above restrictions will impact the transmit adaptation greatly.
Impact on PRS detection 
Another important impact of PDSCH transmission is the interference to the PRS measurement. It is obvious that with the serving cell PDSCH high interference would be introduced, which leads to the reduction of hearability. In addition, with PDSCH transmission, power boosting of PRS is largely affected which further degrades its hearability. On the other hand, power boosting of PRS also affect the power setting for PDSCH and CRS since only two level of power setting is allowed in Rel-8 for OFDM symbols with and without CRS respectively.

Furthermore, if PDSCH could be transmitted in positioning subframe, time domain detection would be very difficult while frequency domain detection may suffer severely in asynchronous case.
To summarize, the introduction of PRS is tied to the absence of PDSCH. With PDSCH, the advantage of PRS disappears. Since CRS exists in almost all the subframes, it might actually outperform PRS if PDSCH is allowed in positioning subframes.

Some simulation results were shown in section 3, it can be seen that the introduction of PDSCH impact the positioning accuracy significantly. 
3 Simulation result
In this section, the performance of PDSCH in the PRB with PRS is investigated. The simulations are based on [6]. 3GPP case 3 is simulated in a 10 MHz system. More details are listed in Appendix A. The following aspects are taken into account in the simulations:

· The time accumulation of 1, 2, 4 sub-frames [7] with non-coherent combination are utilized
· Two scenarios are simulated. 1) E-IPDL subframes in the serving cell is used, therefore no PDSCH transmission in the PRS subframe. 2) PDSCH is transmitted in the PRS subframe for all the cells except the serving cell. 
· Diagonal pattern reserving the first three OFDM symbols which is agreed as baseline in 57bis meeting,  no time-varying shifting of PRS pattern

· PN sequence agreed in 57bis meeting are utilized

Figure 1 shows the CDF curves of positioning error in case 3. From the simulation results, it can be observed that with the PDSCH transmission, the performance degraded greatly comparing with the PRS only case. In addition, when the PDSCH is transmitted, the positioning accuracy with 1 accumulation does not meet the positioning requirement. This means that time accumulation is necessary with PDSCH in the PRS RB, which will cause more overhead of the PRS subframe. The results also show that even if accumulation of 4 subframes is used, the performance of PRS with PDSCH is not as good as the non-accumulated PRS-only case.
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Figure 1 Positioning errors with PDSCH transmission
4 Conclusion
In this contribution, we discussed the impact of PDSCH in the PRS subframe. It shows that both the performance of PDSCH and the PRS detection are largely influenced. At the same time, additional signaling is required to support PDSCH in the PRB with PRS. We conclude that PDSCH should not be transmitted in the PRB with PRS.
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6 Appendix A:
Table 1. Simulation assumptions

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around, 57 Cells

	Inter-Site distance
	1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	eNB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	UE speed
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of received antennas
	2
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