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1. Introduction
As noted previously in [1], there is no means by which PRS transmissions in mixed cyclic prefix (CP) deployments can be orthogonalized within the previously approved CR [2], as even if MBSFN subframes are configured as positioning subframes, the cyclic prefix length of these MBSFN subframes is required to be the same as that of normal subframes in the same cell.  Thus, whether normal or MBSFN subframes are configured as positioning subframes, the positioning subframes of neighboring cells using different cyclic prefix lengths for normal subframes cannot be orthogonal, and this is true even if the system is synchronous and different frequency offsets are applied to the positioning reference symbols in the two cells. 

2. Restrictions on MBSFN subframes configured as positioning subframes

Currently, in the approved Release-9 CR [2] for 36.211, there is a restriction that 

The OFDM symbols in a MBSFN subframe configured for positioning reference signals transmission shall use the same cyclic prefix as used for subframe #0.
The reason for this restriction is to avoid the need to signal which of a neighbor cell’s positioning subframes are normal cyclic prefix and which are extended cyclic prefix in the event that N>1 consecutive subframes are configured as positioning subframes.  A mixture of CP lengths within the N consecutive positioning subframes would not be consistent with the assistance data requested in [3] for which the positioning subframes of the neighbor cell are assumed to be normal CP or extended CP, but not both.  With the assistance data specified in [3], it would not be possible for the UE to know which of a given neighbor cell’s positioning subframes are normal CP and which are extended CP.
3. PRS Patterns with mixed CP deployments

In a mixed CP deployment, consider a first cell using normal CP and a neighbor cell using extended CP.  With the current restrictions, the first cell can only use normal CP positioning subframes while the neighbor cell can use only extended CP positioning subframes.  The relative time alignment of the PRS for the normal and extended CP positioning subframes in a synchronous system is shown in Figure 1.  Since the symbol boundaries are not aligned for subframes using different CP lengths, the PRS transmissions from neighboring cells using different CP lengths are not orthogonal, even if different frequency offsets are applied to the positioning reference symbols in the two cells. 
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Figure 1: Relative symbol boundaries for normal and extended CP subframes (shading indicates location of PRS within positioning subframe for a 2 transmit antenna deployment)

4. Proposed Solutions
In [1], it was proposed that in the event that only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in these subframes shall all use the same cyclic prefix length.  This would allow a common CP length to be used for positioning subframes in both normal and extended CP cells.  For example, MBSFN positioning subframes with extended CP could be used in normal CP cells while either normal or MBSFN positioning subframes with extended CP could be used in the extended CP cells.
As a consequence of this proposal, it would be necessary to signal the CP length of the positioning subframe of the serving cell to the UE whenever only MBSFN subframes are configured as positioning subframes, and this would add 1 bit to the L2 assistance data defined previously in [3].  If such additional signalling is undesirable, then the alternative is to require that whenever only MBSFN subframes are configured as positioning subframes in a cell, the CP length must always be normal CP, or always be extended CP.  In this way, the cyclic prefix of these MBSFN subframes configured as positioning subframes would be known to the UE without the need for any additional signalling.  The consequences of these two alternatives are briefly considered below.
Alternative 1:  If only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in these subframes shall use extended cyclic prefix length.
Consequences:  There would be no change to the behavior of the extended CP cells as in the current CR [2] MBSFN subframes configured as positioning subframes in extended CP cells must use extended CP.  In normal CP cells, if only MBSFN subframes are configured as positioning subframes, normal CP would be used for the 1 or 2 control symbols at the start of the these subframes.  A gap of less than one symbol would follow the 1 or 2 control symbols, after which there would be 11 (for 1 control symbol) or 10 (for 2 control symbols) extended CP symbols containing the positioning reference symbols.  Note that the total number of symbols in these MBSFN subframes is 12.  Thus, the 12 symbol extended CP PRS mappings defined in Figure 6.10.4.2-2 of [2] can be used directly.
Alternative 2:  If only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in these subframes shall use normal cyclic prefix length.

Consequences:  There would be no change to the behavior of the normal CP cells as in the current CR MBSFN subframes configured as positioning subframes in normal CP cells must use normal CP.  In extended CP cells, if only MBSFN subframes are configured as positioning subframes, extended CP would be used for the 1 or 2 control symbols at the start of the these subframes.  A gap of less than one normal symbol would follow the 1 or 2 control symbols, after which there would be 12 (for 1 control symbol) or 11 (for 2 control symbols) normal CP symbols containing the positioning reference symbols.  Note that the total number of symbols in these normal CP MBSFN subframes in extended CP cells is 13 rather than 14, as each extended CP control symbol occupies one normal CP symbol plus a fraction of another.  As there are only 13 symbols in MBSFN subframes configured as positioning subframes and using normal CP in extended CP cells, the 14 symbol normal CP PRS mappings defined in Figure 6.10.4.2-1 of [2] cannot be used directly without clarification.  The following text could be used to clarify the mapping:
In MBSFN subframes configured as positioning subframes in extended CP cells, the last 
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 symbols of the positioning reference symbol mapping in 6.10.4.2.-1 shall be used to map the positioning reference symbols into the normal CP symbols following the control region, where 
[image: image3.wmf]CNTRL

N

 is the number of control symbols in the subframe.
5. Comparison of Alternatives 1 and 2
If the objective is to maximize the energy of the transmitted PRS symbols (excluding the cyclic prefix), then it seems that normal CP is preferred as the number of PRS symbols with the normal CP positioning subframes is 8 for both 1 and 2 transmit antennas, and 7 for 4 transmit antennas, while the number of PRS symbols for extended CP positioning subframes is 6 for both 1 and 2 transmit antennas, and 5 for 4 transmit antennas. However, simulation results such as those in [4] in which the power of the PRS is boosted by 2 dB (Figure 2 of [4] for Case 3) show negligible improvement in performance as the power allocated to the PRS is increased.  This seems to indicate that performance is limited more by serving cell interference than by the inability of the UE to hear the PRS from a sufficient number of cells.

Serving cell interference will leak into the OTDOA measurements whenever the sum of the time-difference of arrival of the transmitted signals and the delay spread of the channel exceed the cyclic prefix length.  This interference leakage can be minimized by using extended CP when only MBSFN subframes are configured as positioning subframes.  Furthermore, if extended CP is used for these subframes, there is no need to clarify the normal CP PRS mapping in Figure 6.10.4.-1 as it applies to normal CP MBSFN subframes in extended CP cells.
6. Text Proposal for TS 36.211
It is proposed that Alternative 1 be selected, so that if only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in these subframes shall use extended cyclic prefix length.  The corresponding text proposal is given below.  Change marks are shown relative to the previously approved CR [2].

6.10.4
Positioning reference signals

Positioning reference signals shall only be transmitted in resource blocks in downlink subframes configured for positioning reference signals transmission. If both normal and MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols in a MBSFN subframe configured for positioning reference signals transmission shall use the same cyclic prefix as used for subframe #0. . If only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in these subframes shall use extended cyclic prefix length. Positioning reference signals are transmitted on antenna port 6.

The positioning reference signals shall not be mapped to resource elements 
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 allocated to PBCH, PSS or SSS regardless of their antenna port 
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Positioning reference signals are defined for 
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 only.
One final consideration with the above change is that the wording in the requested L2 assistance data would need to be changed slightly.  Table 1 shows the definition of the normal or extended CP field from Table 2 of the liaison statement [3].  The definition would need to be modified very slightly as shown to indicate that the CP length given is for the positioning reference signals of the positioning subframes and not for the cell itself.
7. Conclusion

In the previously approved CR [2], there is no way to orthogonalize PRS transmissions in mixed CP deployments, as when MBSFN subframes are configured as positioning subframes, the cyclic prefix length of these MBSFN subframes is required to be the same as that of normal subframes in the same cell.  A remedy to this situation is proposed in which MBSFN subframes configured as positioning subframes use extended CP, but only in the case that the cell configures only MBSFN subframes as positioning subframes.
8. References

[1] R1-093975, Motorola, “Orthogonal PRS transmissions in mixed CP deployments using MBSFN subframes,”  Miyazaki, October 2009.
[2] R1-093729, Ericsson, ST-Ericsson, Alcatel-Lucent, Nokia, Nokia Siemens Networks, Motorola, Huawei, InterDigital, Pantech & Curitel, Samsung, LG Electronics, ZTE, Qualcomm Europe, NTT DOCOMO “Introduction of LTE positioning,” Shenzhen, August, 2009
[3] R1-093729, “LS on assistance information for OTDOA positioning support for LTE,” Shenzhen, August, 2009. 
[4] R1-092685, Qualcomm, “PRS Design – Remaining Open Issues,” Los Angeles, June, 2009.
Table 1: Assistance information associated with the measured cells (from Table 2 in [3])

	Normal or extended CP
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	1 bit per measured cell, or 1 bit 
	1 bit per measured cell, indicating positioning reference signals with normal or extended cyclic prefix.
1 bit, indicating that positioning reference signals of all measured cells have the same length of the CP as the positioning reference signals of the serving cell
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