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1. Introduction

This contribution discusses an SFN unknown problem for a UE not to be aware of PRS muting pattern in OTDOA.
2. Discussions
In RAN2 #72, the CR for TS36.355 [1] was agreed to solve the SFN unknown problem in OTDOA for PRS occasion [2]. The following note was captured in TS36.355;

NOTE:
The location server should include at least one cell for which the SFN can be obtained by the UE, e.g. the serving cell, in the assistance data, either as a reference cell or in the neighbor cell list. Otherwise the UE will be unable to perform the OTDOA measurement and the positioning operation will fail.
The problem before was that a UE cannot know the PRS occasion unless the SFN of at least one cell is identified at UE. In typical UE implementation, the SFN of serving cell only may be known at a UE. With this CR, the issue have been addressed.
On the other hands, there was a description in TS36.355 v9.2.1 for prs-MutingInfo as “The first bit of the PRS muting sequence corresponds to the first positioning occasion that starts after the beginning of serving cell SFN=0.” With this, there was no problem so that a UE can recognize PRS muting pattern since a UE can be aware of the SFN of serving cell, except for handover scenario. In handover scenario, the serving cell actually becomes the ‘old’ serving cell after handover is done and the ‘old’ target cell becomes ‘new’ serving cell. Therefore, even with going back to the previous description, an ambiguity still exists. In addition, starting from TS36.355 v9.3.0, the wording had been changed to “The first bit of the PRS muting sequence corresponds to the first positioning occasion that starts after the beginning of the reference cell SFN=0.” With this modification, the SFN problem happens again for PRS muting pattern like PRS occasion even without assumption of handover scenario.
The SFN unknown problem of PRS muting pattern is mainly due to the following aspects;

1) The first bit of the PRS muting sequence is set by the beginning of the reference cell SFN=0.

2) A UE may be able to get the SFN for serving cell only.

3) The reference cell may or may not be the serving cell considering handover scenario.
Particularly, the point 2) above, a UE might try to decode the SFN of reference cell. However, according to 8.1.2.6.1 in TS36.133, the RSTD capability for reference cell is defined as 
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(-6 dB, and, at the same time, the requirement of SS (synchronization signal) is give as SCH Ês/Iot  ( -4 dB at 8.1.2.3.1 (for FDD inter frequency measurements). In addition, due to different frequency reuse factor between PRS and SS, to decode the P-BCH for reference cell is not feasible via nominal cell search procedure. In addition, if an UE should have performed the cell search to get the SFN of reference cell, transmitting PRS from reference cell may not be needed anymore since a UE can already know the received timing as reference timing.
Two examples of the SFN problem on PRS muting patterns are shown in Figure 1 and Figure 2. To illustrate them, our assumptions for both examples are as follows;

· Serving cell is included in OTDOA Neighbor cell list (That is, serving cell is not same as reference cell).
· The gaps between Serving cell and Reference cell for SFN=0 are given for each case in the figures.
· No propagation delay is assumed.
· A UE can know the SFN for serving cell only.
· Iprs and muting sequence are given by each figure.
· Intra-frequency measurement was assumed.
Then, a UE would try to measure RSTD via following procedure for both examples;

· The PRS occasion can be induced by using SFN of serving cell (one of neighbor cells) and slot number offset.
· In RSTD measurement start in the figure, a UE cannot know whether the next PRS occasion is muted or not since the SFN=0 of reference cell is not known.
   In short, as highlighted in red above, a UE cannot know the PRS occasion is muted or not.
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Figure 1 Example 1 for SFN unknown problem of PRS muting pattern (when SFN offset between serving cell and reference cell is 320ms)
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Figure 2 Example 2 for SFN unknown problem of PRS muting pattern (when SFN offset between serving cell and reference cell is 30ms)
During the e-mail offline discussions, the following solutions have been suggested;

· Option 1: Reverting mutingInfo to based on serving  as in old RAN2 text before
· “The first bit of the PRS muting sequence corresponds to the first positioning occasion that starts after the beginning of serving cell SFN=0.”
· Modified Option 1: Reverting previous RAN2 text but with a clarification to support handover scenario
· “The first bit of the PRS muting sequence corresponds to the first PRS positioning occasion that starts after the beginning of  SFN=0 of the serving cell at the time when the UE receives the PRS-MutingInfo”

· Option 2: A UE shall assume the same SFN to compute the muting pattern if the location the prs-MutingInfo is supported and serving cell is not reference cell.
· “The location server should include at least one cell for which the SFN can be obtained by the UE, e.g. the serving cell, in the assistance data, either as a reference cell or in the neighbor cell list. Additionally, if the positioning server provides prsMutingInfo and a reference cell other than the UE’s serving cell, the network should ensure that the SFN of the serving cell is equal to the SFN of the reference cell. Otherwise the UE will be unable to perform the OTDOA measurement and the positioning operation will fail.”
· Option 3: The BIT STRING for prs-MutingInfo is restricted to all ‘1’ (not muted) or all ‘0’ (muted). The PRS is muted or not for all positioning occasions in the cell with prs-MutingInfo in cell level.
· The first bit of the PRS muting sequence corresponds to the first PRS positioning occasion that starts after the beginning of the reference cell SFN=0. The UE shall assume that all bits for a PRS muting sequence are same.
For Option 2, it seems not desirable since the scenario that all SFNs should be aligned in OTDOA in general, to which has not been aiming so far.

For Option 1, it makes a UE to know PRS muting patterns except in handover scenario. 
For Modified Option 1, it may solve the ambiguity for a UE even in handover scenario. However, during offline e-mail discussion, a problem was noted for Modified Option 1. Since a user plane positioning server (or a control plane server) has no control on the connected mode mobility execution in RAN, it is impossible for a user plane positioning server to ensure that no handover takes during prs-MutingInfo signalling.
For Option 3, the ambiguity for PRS muting pattern can be clearly solved since a UE does not need to distinguish SFN for PRS muting pattern with small impact on specification.
3. Conclusion
This contribution discussed a SFN unknown problem for PRS muting and provided the possible solutions. Among the candidates discussed so far, our view is that Option 3 is a feasible solution for the problem of PRS muting which has been addressed so far. Therefore, we propose the Option 3 as following and provide the related CR [3][4];
· “The first bit of the PRS muting sequence corresponds to the first PRS positioning occasion that starts after the beginning of the reference cell SFN=0. The UE shall assume that all bits for a PRS muting sequence are same.”
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