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1 Introduction

In the Los Angeles meeting, the positioning reference signals (PRS) are discussed and agreed to be transmitted on a new antenna port. The PRS baseline pattern for both normal and MBSFN subframe has been agreed for the further discussion. The PRS patterns in the normal subframe have been described in [1]. But the PRS patterns in the MBSFN subframe, though based on the baseline pattern, are not clearly defined.  In this contribution, a variety of PRS patterns in the MBSFN subframe are proposed and their performances are analyzed.
2 Analysis of PRS pattern in the MBSFN subframe
During the last meeting, the PRS patterns in the normal subframe have been discussed and agreed as following:
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Figure 1 Mapping of PRS in normal subframe (Normal CP, Extend CP, 2antenna ports)
According to the discussion, the PRS patterns in the MBSFN subframe have the same pattern as that in the normal subframe. However, different companies still have different understanding of the exact PRS pattern in MBSFN subframes. The PDCCH and PRS need to be transmitted in the MBSFN subframe used for positioning while the MBSFN reference signals are not transmitted. In order to define the PRS patterns in the MBSFN subframe, the following questions need to be clarified first.  
· Maximum number of OFDM symbols used for transmitting PDCCH in MBSFN positioning subframe？
It was agreed that the PRS in the MBSFN subframe has the same pattern as that in the normal subframe. In the normal subframe, maximum three OFDM symbols can be used for the transmission of PDCCH/PCFICH/PHICH; but for the MBSFN subframe allocated for MBSFN transmissions, the maximum number for PDCCH/PCFICH/PHICH is two.  Considering the backward compatibility with the LTE R8 mobiles, maximum two OFDM symbols used in MBSFN subframe allocated for positioning transmissions is reasonable.
· Whether the extended CP in MBSFN subframe used for positioning can be changed to the normal CP?

In the section 6.5 of 36.211 [3], it says that“The non-MBSFN symbols shall use the same cyclic prefix as used for subframe #0. ”, which means that the extended cyclic prefix (CP) of the two first OFDM symbols used for unicast transmission in MBSFN subframe can be changed to the normal CP.
For the MBSFN subframe allocated for positioning transmissions, since the MBSFN reference signals are not transmitted, it is not a real MBSFN subframe. It is then feasible that the extended CP of the MBSFN symbols in the MBSFN subframe used for positioning can be changed to the same CP as the normal subframes.

If the MBSFN subframe is not used for both positioning and MBSFN transmission simultaneously，  based on the above analysis, for both the non-MBSFN symbols and the MBSFN symbols in the MBSFN subframe for positioning, same CP as for the normal subframes should be used.
3 The PRS patterns comparison in the MBSFN subframe
In section 2, we give some preliminary analyses on the PRS patterns design. Considering the PRS patterns in the MBSFN subframe shall have the same pattern as that in the normal subframe, the possible PRS patterns in the MBSFN subframe (one or two antenna ports case) are shown in Figure 2 (extended CP) and Figure 3 (Normal CP). 

[image: image2.emf]T

w

o

 

a

n

t

e

n

n

a

 

p

o

r

t

s

5  l 0  l 5  l

T

w

o

 

a

n

t

e

n

n

a

 

p

o

r

t

s

5



l 0



l 5



l

0  l

0



l

2

－

1 2

－

3

Extended CP Extended CP

T

w

o

 

a

n

t

e

n

n

a

 

p

o

r

t

s

5  l 0  l 5  l

0



l

2

－

2

Extended CP


Figure 2  Mapping of PRS in MBSFN subframe (extended CP)
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Figure 3 Mapping of PRS in MBSFN subframe (normal CP)
Proposal 1： The PRS pattern is the same as those in normal subframe.

Figure 2-1 and Figure 3-1 show that the PRS patterns in MBSFN subframe has the identical patterns with those in the normal subframe, there are no PRS transmission in the OFDM symbols used for the CRS transmission in the normal subframe. 
Advantage: they have the identical PRS patterns with those in the normal subframe. In the scenario that both the normal subframe and the MBSFN subframe are used for positioning, only one PRS pattern needs to be stored in the mobile and the mobile needs not to know whether normal or MBSFN subframe is used for positioning.
Disadvantage: the PRS will not be transmitted in the all symbols, the transmit signal will be on-off-on which may have negative impact to the PA performance. In addition, it is not as efficient as the ones given in Figure 2-2 and 3-2. 
Proposal 2： The PRS pattern is in a consecutive diagonal
Figure 2-2 [2] and Figure 3-2 show that the PRS will be transmitted in the OFDM symbols where the CRS are transmitted in the normal subframe as well as the third OFDM symbol, and the PRS pattern in MBSFN subframe becomes a consecutive diagonal. 
Advantage: the PRS is transmitted in the all MBSFN symbols which will improve the transmission efficiency.
Disadvantage: as shown in Figure 4, if both the normal and MBSFN subframes are used for positioning, UE needs to know whether the positioning subframe is a normal or MBSFN subframe. For serving cell, there is no problem for UE to know such information. However, it could be a problem when UE tries to detect other weaker cells. The assistant data are then needed to notify the information and both PRS patterns need to be stored in the mobile.
On the other hand, the interference between the PRS patterns in normal and MBSFN subframes should be considered:
· The PRS in the third OFDM symbol of the MBSFN subframe will cause interference to the third PDCCH symbol in the normal subframe. However, it should not be more severe than the interference caused by non-positioning normal subframe.
· The PRS in the MBSFN subframe will cause interference to the symbols where CRS are transmitted in the normal subframe. Since both CRS and PRS are evenly spaced with reuse factor of 6, a complete collision between PRS and CRS on some OFDM symbol is possible. In that case, PRS with a higher level of power boosting may affect the channel estimation performance.
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Figure 4 the interference between the normal subframe and the MBSFN subframe

Proposal 3： The PRS pattern is in a consecutive diagonal，but no PRS transmission in the third PDCCH symbol.
 Figure 2-3 and Figure 3-3 show that the PRS will not be transmitted in the third OFDM symbol of the first slot. 
Advantage: The PRS in the MBSFN subframe will not interfere the third PDCCH symbol in the normal subframe.
Disadvantage: as that of Figure 2-2 and Figure 3-2, if both the normal and MBSFN subframes are used for positioning, two PRS patterns need to be stored in the mobile. The assistant data are needed to notify the information that the positioning subframe is a normal or MBSFN subframe. On the other hand:
· The PRS is not transmitted in the third symbols which will reduce the transmission efficiency. The transmit signal will be on-off-on which may have negative impact to the PA performance.
· The PRS in the MBSFN subframe will cause the interference on the symbols where CRS are transmitted in the normal subframe.
Based on the above analysis, three PRS patterns in MBSFN subframe for both extended and normal CP are proposed. Comparing the advantages and disadvantages of the three kinds of PRS patterns, if the assistant information is available to indicate the normal or MBSFN subframe, we prefer the patterns given in Figure 2-2 and Figure 3-2 to be used as the PRS patterns in MBSFN subframe. Otherwise Figure 2-1 and Figure 3-1 are more appropriate.
4 Conclusions
In this contribution, the PRS pattern designs in the MBSFN subframe have been discussed. Considering the scenario that both the normal subframe and the MBSFN subframe are used for positioning, we should firstly define that whether the assistant information is needed to indicate the normal or MBSFN subframe in neighboring cells. If such information is available, PRS pattern in the MBSFN subframe is proposed to be that given in Figure 2-2/3-2. Otherwise, it is proposed to be that given in Figure 2-1/3-1.
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