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1 Introduction
In last meeting (56bis in Seoul), RAN1 has made some progresses in positioning support in LTE [1]. RAN1 also agrees to draft an LS through email approval to pass some information to other RANs [2]. Some evaluation parameter assumptions to further study the positioning in LTE R9 are also agreed in last meeting [3]. 
In this contribution we concentrate on some issues about PRS (Positioning Reference Signal) design. First we examine the positioning performance using the CRS defined in LTE R8 and find it can not meet the positioning requirements. Then some considerations of design the PRS are raised and we also provide one kind of the PRS for MBSFN or Normal/Extended sub-frame. Finally we provide the detailed system simulation results complying with the agreed assumptions [3]. 
2 Positioning using the LTE R8 CRS
CRS in LTE R8 can be used for positioning with OTDOA based method. If the positioning performance with CRS is good enough, it is a proper idea because CRS is transmitted in every sub-frame including the MBSFN sub-frame. Since the CRS is reused in the positioning, it is no necessary to define a new reference signal for positioning and has less impact on the current LTE R8 specifications. However, there are still some concerns about the adoption of CRS as positioning RS. These include:

· Hearability or interference issue. It is well known that at least 3 different sites are required to involve the positioning with OTDOA based method to meet the positioning accuracy in theory. If the CRSs coming from different sites are used to measure the delay time, the CRS in the serving sector is the strong interference for some sites using the same CRS sub-carriers. If UE’s serving CRS is absent in the positioning sub-frame, compatibility to LTE R8 is a problem. CRS absence will also affect many aspects such as measurement, channel estimation and so on. Some companies suggest that the power of CRS can be boosted in the non-IPDL sub-frame while the power of CRS returns to the normal level in the IPDL sub-frame. Intuitionally it can reduce the CRS interference, however how much it can improve is still uncertain. Figure 2.1 illustrated that the positioning error CDF curves in different power boosting level. We can see that although the power of CRS is boosted at the highest level, it still can not meet the positioning requirement (US FCC mandate E911 phase 2 requirements of 50m for 67% of calls, 150m for 95% of calls). 
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Figure 2.1 Positioning performance using CRS (sub-frame with normal CP)
· CRS bandwidth issue. It is also all known that the wider bandwidth of the RS for positioning the more accurate we can get. Although the CRS is distributed in the whole system bandwidth, there is one CRS sub-carrier every 6 sub-carries for antenna port 0-3. This means that the actual bandwidth the CRS occupied is the 1/6 (or 1/3 if two antenna ports involved) of the whole system bandwidth. For example, if the system bandwidth is 5MHz, only about 1MHz is for CRS. That means that the timing accuracy is only about 1us, that is to say the positioning accuracy is about 300m no matter how high the CRS’s SINR is. The analysis result is far beyond of the positioning requirements. 

Frome the above simulation and analysis, we can conclude that it can not satisfy the positioning requirement only using the CRS. We have to design a new kind of RS (called PRS: Positioning Reference Signal) to make UE have wider bandwidth for PRS and have more ability to “hear” PRSs coming from other site more clearly. 
3 PRS design for LTE R9
In RAN1 56bis meeting, some companies also suggest that one new kind of RS for positioning is needed and some PRS patterns are also provided [4, 5, 6]. Here we first raise some considerations in PRS design and then give another kind of PRS for MBSFN sub-frame and ordinary sub-frame with normal/extended CP. 
3.1 Some considerations for PRS design
Here we list some important considerations for PRS design (mainly to deal with issues of hearability/interference and bandwidth for positioning RS). There maybe exist some contradictions among these considerations so some kind of trade-off is necessary. These aspects that we should consider are listed as following:

1. There should be enough PRS patterns to minimize the interference in the OTDOA measurements and to facilitate to allocate proper PRS patterns to adjacent sites. OTDOA based method uses the timing difference from different sites to determine the position, thus timing is vital for positioning. It is desirable that PRS belonging to one site will not be interfered with the PRS belonging to all the other involving sites. In order to facilitate to allocate PRS, we need as more PRS pattern as possible, thus each involving site can choose different PRS pattern to minimize the interference among other PRS patterns. The collision probability between any two PRS patterns should be designed to keep as low as possible namely we will keep orthogonal or quasi-orthogonal between any two different PRS pattern in advance. As the hopping pattern in uplink RS design, the more the number of PRS patterns exists, the more convenient we can associate one certain PRS pattern to one site;

2. Keep orthogonal or quasi-orthogonal among all the PRS patterns. Since there is confliction between maximization of the number of PRS pattern and full orthogonality among all the PRS patterns, trade-off designs maybe more reasonable. For example, we can allow some collisions in the limited number of REs between any two PRS patterns thus we can obtain both enough number of PRS patterns and enough orthogonality between any two PRS patterns;

3. We’d better to maintain the positioning performance in the scenario with relative high velocity since positioning is often used e.g. in the travelling cars. This means that one PRS pattern should be within as little consecutive OFDM symbols as possible. For example, if the velocity equals to 120km/h, if the PRS pattern stretches into one sub-frame (1ms), Doppler maybe will have an obvious effect. On the other hand, if one PRS pattern is only distributed in 1-2 OFDM symbols, the number of PRS pattern can not increase greatly;
4. PRS pattern is defined in one PRB pair and can be repeated for more PRB pairs if necessary. Furthermore, each PRB pair can have different PRS pattern and if necessary the PRS pattern in each PRB pair can change with time. It is a simple design and more importantly, since how many PRBs will be allocated to use of positioning is uncertain, PRS pattern is defined in the minimal allocated unit is more suitable.
3.2 PRS pattern design
Here, according to the above considerations, we present one method of PRS patterns generation. Since PRS pattern maybe exists in the MBSFN sub-frame or sub-frame with normal/extended CP, the detailed parameters of the PRS pattern may be different, however, the main idea behind the method is the same.
In order to be compatible to the LTE R8, PRS pattern will not be located in the PDCCH area and will not collide with LTE R8 CRS. We assume that 2 OFDM symbols are reserved for PDCCH no matter the positioning sub-frame is MBSFN sub-frame or the sub-frame with normal/extended CP. We also assume that there always have 4 antenna ports in the ordinary sub-frame with normal/extended CP and that the OFDM symbols will not belong to the PRS if the OFDM symbols include LTE R8 CRS. The reason that we make the above assumptions is that there is no any impact on the LTE R8.
Firstly: we split the remaining OFDM symbols in one sub-frame into two parts (assuming that there are 2 OFDM symbols for PDCCH) and one PRS pattern is defined only in one part. If the positioning sub-frame is MBSFN sub-frame, there are 5 OFDM symbols in each PRS pattern. If the positioning sub-frame is an ordinary sub-frame with normal/extended CP, there are 4/3 OFDM symbols in each PRS pattern respectively.
The reason that we limit one PRS pattern within one part is to reduce the Doppler effect when velocity is high.

Secondly: we generate a permutation sequence ranged from [1 x], the value of x is 10, 8 and 6 corresponding to MBSFN sub-frame and sub-frame with normal and extended CP respectively. We can obtain one basic PRS pattern according to the permutation sequence. Entries in permutation sequence indicate where the RE will be allocated as PRS for one PRS pattern. One entry is corresponding to one OFDM symbol and the value of the entry is corresponding to the subcarrier index within the PRB. If the number of the entry in permutation sequence is larger than the number of OFDM symbols for PRS pattern (5,4 and 3 corresponding to MBSFN sub-frame and sub-frame with normal and extended CP respectively), map the remaining entries to corresponding RE from the first OFDM symbol again.

· For MBSFN sub-frame, the permutation is [5, 10, 8, 4, 2, 1, 7, 3, 9, 6] and the basic PRS pattern is illustrated in figure 3.2.1 (PRS are the REs filled with red).
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Figure 3.2.1 Basic PRS pattern in MBSFN sub-frame

· For sub-frame with normal CP, the permutation is [1, 6, 7, 4, 5, 3, 8, 2] and the basic PRS pattern is illustrated in figure 3.2.2 (PRS are the REs filled with red and the REs filled with gray are the CRSs defined in LTE R8).  It is noted that the OFDM symbols will not belong to the PRS if the OFDM symbols include LTE R8 CRS.
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Figure 3.2.2 Basic PRS pattern in sub-frame with normal CP
· For sub-frame with extended CP, the permutation is [4, 6, 5, 3, 1, 2] and the basic PRS pattern is illustrated in figure 3.2.3 (PRS are the REs filled with red and the REs filled with other colors are the CRSs defined in LTE R8).  It is also noted that the OFDM symbols will not belong to the PRS if the OFDM symbols include LTE CRS.
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Figure 3.2.3 Basic PRS pattern in sub-frame with extended CP
Finally: Cyclic shift the column and row to get 12*5=60, 12*4=48 and 12*3=36 PRS patterns in one part corresponding to MBSFN sub-frame and sub-frame with normal and extended CP respectively. Considering the remaining half time-frequency resources (another part in one sub-frame), we can get 120, 96 and 72 PRS patterns in one sub-frame totally. 
From the generation of the PRS pattern above, we can see that there are some collisions in our design. However, it is a contradiction to maximize the number of PRS pattern and minimize the collision number. It is noted that the optimal permutation sequences are generated through computer search. Here our search principle is that the desirable permutation sequence is corresponding to the minimal collision REs between any two arbitrary PRS patterns generated from the permutation sequence. 
3.3 Collision analysis of the PRS pattern design
In this sector, we will analysis the collision probability between any two arbitrary PRS patterns. Although it is not reflect all the situations, it can still reflect the interference level.
In order to compare the collision probability, here we take Ericsson [4] and Pantech & Curitel’s [7] scheme as a reference.
· For MBSFN sub-frame and the permutation sequence [5, 10, 8, 4, 2, 1, 7, 3, 9, 6], there are 12*5=60 PRS patterns in one part and there are 60*2=120 PRS patterns in one sub-frame totally. If we take two different PRS patterns in one part, there are
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combinations totally. We can observe that:
There are no any combination that more than or equal to 4 REs in any two different PRS pattern collide;

There are 120 combinations that 3 REs in any two different PRS pattern collide;

There are 1020 combinations that 2 REs in any two different PRS pattern collide;

There are 300 combinations that 1 REs in any two different PRS pattern collide;

There are 330 combinations that 0 REs in any two different PRS pattern collide.
Then we can calculate the collision probability if any two different PRS pattern are taken in one sub-frame (two parts). 
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The average number of collision RE is: 
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Using the same method, we can also calculate the collision probability with Ericsson’s and Pantech & Curitel’s scheme [4, 7]. Table 3.3.1lists all the calculation results.

	
	probability of none RE collision
	probability of one RE collision
	probability of two RE collision
	probability of three RE collision
	probability of more than three RE collision
	average number of collision RE
	Total number of PRS pattern

	ZTE
	73.18%
	5.59%
	18.99%
	2.23%
	0
	0.5026
	120

	Ericsson
	30.3%
	48.48%
	21.21%
	0
	0
	0.909
	100

	Pantech & Curitel
	17.43%
	82.57%
	0
	0
	0
	0.8257
	110


Table 3.3.1 Collision probability in different scheme for MBSFN sub-frame
From the table 3.3.1 we can see that:
1. Pantech & Curitel’s scheme is the best in the sense of the absolute number of the collision RE;
2. ZTE’s scheme is the best in the sense of the average number of the collision RE;
3. ZTE’s scheme is the best in the sense of the number of PRS pattern.
· For sub-frame with normal CP and the permutation sequence [1, 6, 7, 4, 5, 3, 8, 2], the final collision probabilities are listed in the table 3.3.2.
	
	probability of none RE collision
	probability of one RE collision
	probability of two RE collision
	probability of three RE collision
	probability of more than three RE collision
	average number of collision RE
	Total number of PRS pattern

	ZTE
	71.33%
	19.58%
	7.69%
	1.40%
	0
	0.3916
	96


Table 3.3.2 Collision probability in for sub-frame with normal CP

· For sub-frame with extended CP and the permutation sequence [4, 6, 5, 3, 1, 2], the final collision probabilities are listed in the table 3.3.3.
	
	probability of none RE collision
	probability of one RE collision
	probability of two RE collision
	probability of three RE collision
	probability of more than three RE collision
	average number of collision RE
	Total number of PRS pattern

	ZTE
	79.44%
	13.08%
	7.48%
	0
	0
	0.2804
	72


Table 3.3.3 Collision probability in for sub-frame with extended CP

3.4 Some simulation results
In this section, we will provide some system simulation results to show the validity of our PRS design. The simulation assumptions are listed in [3]. To calculate the final positioning error, we adopt one order Taylor expansion and least square method. The detailed information can be seen in appendix A.
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Figure 3.4.1 Performances with different schemes (PRS defined in MBSFN sub-frame)

Figure 3.4.1 shows the positioning performance with PRS defined in the MBSFN sub-frame. We also illustrate the performance of the schemes provided in [4, 7]. From the simulation results we can see that in general the positioning error with EPA3 channel is smaller than with ETU120 channel. This result is reasonable because ETU120 channel has more delayed paths and has more severe Doppler degradation resulting in less timing accuracy. We also notice that all three PRS schemes reach the positioning requirement both in ETU120 and EPA3. In fact, with EPA3 channel 3 PRS schemes almost have the same positioning performance. However, with EPA120channel, from the simulation results, we can find that our scheme seems to have best positioning performance. We think the reason lies in the facts that although the absolute RE collision number between any different PRSs in our scheme is the highest, the averaged RE collision number is the lowest and especially the probability of none RE collision is much higher than the other schemes. This feature can reduce the positioning error greatly. Additionally, our PRS pattern is limited within one port instead of the whole sub-frame thus presents more robust to the Doppler effect.
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Figure 3.4.2 Performances with different PRS bandwidth (PRS defined in MBSFN sub-frame)
Figure 3.4.2 shows the different positioning performance with different PRS bandwidth. Here PRS is generated with our scheme and defined in the MBSFN sub-frame. We also provide the performance with ETU120 and EPA3 channels and the bandwidth of PRS are 50RB and 10RB respectively. As we expected, the wider bandwidth the PRS occupied, the less positioning error we can obtain. From the simulation results, if 10 RBs are used for PRS and with EPA3 channel, positioning requirements are satisfied when ISD equals to 500m and 1732m. However, when the channel is ETU120, positioning error is unacceptable with 10RB for PRS. Anyway, when PRS occupies 50RB, it seems that positioning performance is good enough with ETU120 and EPA3 channels for both 500m and 1732m. Whether the bandwidth for PRS can be further reduced needs more detailed simulation.
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Figure 3.4.3 Performances with different sub-frames
Figure 3.4.3 shows the performance with PRS defined in MBSFN sub-frame and sub-frame with normal/extended CP. We also simulate the performance with ETU120 and EPA3 channels. From the above figure, we can see that no matter what type of sub-frame (MBSFN or ordinary sun-frame with normal/extended CP) used for PRS, their positioning performances all meet the requirements with both ETU120 and EPA3 channels. Furthermore, PRS defined in the MBSFN sub-frame seems better than the ordinary sub-frame with normal/extended CP.
4 Conclusion
In this contribution we concentrate on some issues about PRS (Positioning Reference Signal) design. We examine the positioning performance using the CRS defined in LTE R8 and find it can not meet the positioning requirements. Then some considerations of design the PRS are raised and we also provide one kind of the PRS for MBSFN or Normal/Extended sub-frame. The features of our PRS scheme are:

· Have enough number of PRS pattern and lower interference to avoid site specific PRS planning ;
· Be more robust to the Doppler effect;

Finally we provide the detailed system simulation results and obtain the following conclusion:

· 50RB for PRS is enough to meet the positioning requirements both for ETU120 and EPA3 with ISD=500m and 1732m while 10RB for PRS is not enough for ETU120;
· No matter what type of sub-frame (MBSFN or ordinary sun-frame with normal/extended CP) used for PRS, their positioning performances all meet the requirements with both ETU120 and EPA3 channels and PRS defined in the MBSFN sub-frame seems better than the ordinary sub-frame with normal/extended CP.
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Appendix A: Positioning error calculation using Taylor expansion and LS
We assume that :

the actual coordinates of UE’s position are 
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the estimated coordinates of UE’s position are 
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Then, the actual distance between UE and site
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Define the positioning error corresponding to the site
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That means
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If we use one order Taylor expansion in the actual coordinates of UE’s position
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Assume there are 3 sites (an example) involving the positioning, we can write the above equation in the matrix form, that is:

[image: image30.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

2

2222

110011

0101

2

2222

0202

220022

2

2222

0303

330033

22

22

22

ddxyxy

xxyy

x

xxyy

ddxyxy

y

xxyy

ddxyxy

éù

+++--

--

éù

êú

éù

êú

êú

--=

+++--

êú

êú

êú

ëû

êú

--

êú

ëû

+++--

êú

ëû

V

V

V


Let 
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 and 
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If LS is used to estimate the UE’s position, we can get
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Finally, the positioning error is 
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