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1. Background
Autonomous muting and the related issues have been actively discussed in the last 3GPP Plenary Meeting [1], where it has been agreed to investigate the need for the additional support to enable muting and complete the specification if necessary. In this contribution we address separately two major concerns on PRS muting 
· PRS muting detection in the measured cell,
· Interference variation due to PRS muting in neighbor cells.
The presented simulation results show that the first issue (muting detection) requires a relevant approach to deal with it, and the attempt to resolve it by per-subframe PRS detection may siginificantly degrade the positioning performance, even in synchronous networks. A larger degradation for asynchronous networks is expected. Signaling support is proposed to address both issues.
2. PRS Muting and Autonomous Muting as a Special Case
PRS muting has been shown to be necessary at least in some scenarios, e.g. asynchronous networks with partial alignment [2]
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[3][6]. With the standardized PCI-based PRS patterns, the need for muting may also arise in synchronous networs, considering realistic network deployments which are heterogeneous by nature. Furthermore, due to ther frequency reuse of six, the serving cell is not necessarily the strongest interferer to a measured cell.
Autonomous muting has been agreed in RAN1, assuming no additional support for the UE to facilitate PRS detection. It has been argued that this has a drastic impact on the UE complexity. In RAN4, one of the proposals to deal with PRS muting has been to assume that the UE must perform blind muting detection on a subframe by subframe basis [6] due to the lack of the information on which cells and when are muted.
The approach is expected to result in poor performance in a situation when the measured signal is weak, SINR is low and the signal detection probability is also low, i.e., a typical deployment when muting is crucial. 
Another issue associated with the autonomous PRS muting may be varying interference caused by PRS muting in different cells in a non-coordinated manner. With the muting signalling support the UE has a better possibility to adapt to the current and the expected interference situation. Furthermore, with coordinated muting at least large and quick interference variations can be avoided. Of course, the two issues, PRS detection as such and the interference variation, are tightly connected in practice. There can also be other practical considerations like, for example, AGC the UE will have to deal with. So, from the positioning performance perspective it is therefore important to maximize the gain from PRS muting, which, one the other hand, depends on how the UE complexity issues are resolved.
3. Simulation Results

We study by link simulations the impact of the random (from the UE perspective) PRS muting in the measured cell. A synchronous network scenario, Case 1, 1.4 MHz, is considered, with the assumptions presented in [4]. Non-overlapping PRS patterns are assumed. A UE is placed at different locations to cover the SINR range of [-20 dB, 0 dB] with 2 dB spacing. NPRS=6 and one positioning occasion have been assumed in all the simulated scenarios, while the number of subframes of transmited PRS varies being 0 (reference case, no muting), 1, and 5 out of the total 6 consecutive positioning subframes. The following PRS muting detection approaches have been studied
· ‘muting info’ - signalling of the muting information, i.e. the UE is explicitely notified when PRS  in the measured cell is muted;
· ‘accumulate all’ - accumulation of all NPRS consecutive subframes, even those in which PRS is not transmitted, but since the UE is not aware of this, the noise is accumulated;

· ‘comparative correlation’ - blind detection of PRS muting by comparative correlation when the correlation result on PRS REs is compared to that obtained for REs not used for PRS transmissions in the measured cell (e.g., obtained by shifting PRS pattern in frequency or time), which is a relative-estimation alternative to the approach based on the absolute noise floor estimation which may be not very efficient when the noise is colored;
· ‘per-subframe detection’ - per-subframe PRS detection and exclusion from the non-coherent accumulation the subframes with identified PRS muting.

The simulation results, first path detection probability versus SNR, are shown in Figure 1. The results for the ‘muting info’ approach represent the upper bound for the corresponding number of muted subframes. The other three muting detection approaches implement blind PRS muting detection which may be used with autonomous muting. The ‘accumulate all’ approach is the simplest one which does not utilize any additional information and behaves the same way as without muting. This approach fails only when the number of muted subframes far exceeds the number of subframes with transmitted PRS in the same measured cell (i.e. 5:1 in the example), otherwise it tends to provide the performance comparable to the ‘muting info’ approach. Note, however, that the 5:1 is an extreme and probably very unlikely muting configuration. The “per-subframe detection” approach behaves in the opposite way, i.e. it performs reasonably well only for the case 5:1, and otherwise has a poor performance since the gain from accumulating subframes with PRS is underutilized.
The ‘comparative correlation’ approach is the closest in its performance to the upper-bound approach (which relies on signalling) and has the smallest performance loss among the positioning configurations for the studied scenario, whilst the ‘per-subframe detection’ approach has a much worse performance in the more practical muting configurations, even in synchronous networks.
Proposa l. Consider ‘accumulate all’ as the reference approach for PRS detection which has no impact on the UE comlexity.
To facilitate muting detection for the UE while addressing the interference issue and accouting for the UE complexity, the following is proposed.

Proposal 2. Assume muting in consecutive positioning subframes and restrict the muted subframes to the entire positioning occasion.  (i.e., 1, 2, 4 or 6 subframes); muting over a half of the positioning occasions can also be envisioned for the largest NPRS, e.g., 4 and 6 subframes.

Proposal 3. Request for the cell-specific signalling support for PRS muting with explicit indication of muted subframes (or occasions) for reference and neighbour cells in the OTDOA assistance data transmitted to the UE and in particular,
· Signalling from the positioning node (E-SMLC) to the UE to inform the UE on the muted subframes,
· Signalling between eNodeB and E–SMLC to transmit the muting configuration information between the positioning node (E-SMLC) and the node transmitting PRS (eNodeB).
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Figure 1. First path detection probability versus SNR 
for different approaches for blind detection of PRS muting.

4. Summary
The following has been proposed in the contribution:

Proposa l. Consider ‘accumulate all’ as the reference approach for PRS detection which has the least impact on the UE comlexity.
To facilitate muting detection for the UE while addressing the interference issue and accouting for the UE complexity, the following is proposed.

Proposal 2. Assume muting in consecutive positioning subframes and restrict the muted subframes to the entire positioning occasion.  (i.e., 1, 2, 4 or 6 subframes); muting over a half of the positioning occasions can also be envisioned for the largest NPRS, e.g., 4 and 6 subframes.

Proposal 3. Request for the cell-specific signalling support for PRS muting with explicit indication of muted subframes (or occasions) for reference and neighbour cells in the OTDOA assistance data transmitted to the UE and in particular,

· Signalling from the positioning node (E-SMLC) to the UE to inform the UE on the muted subframes,

· Signalling between eNodeB and E–SMLC to enable coordinated muting.
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