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1 Introduction
One of the way forwards of the RAN186 meeting on further indoor positioning enhancements [1] is
· Support the use of CRS together with PRS for OTDOA enhancement
· If CRS usage together with PRS is configured,
· Signal CP information for CRS if PRS is present.
· Note: this CP information signaling is additional one to the existing CP signaling for PRS.
· Quasi-collocation between PRS and CRS is assumed.
· Send the LS for the above to RAN2 to be captured for their works 
In this contribution, we discuss the support of CRS+PRS which is proposed in [1].
2 Discussion
In comparison with PRS, the CRS is not possible to mute which can cause high interference on the CRS. Also, when using two or more CRS ports, the CRS frequency reuse is 3 compared with 6 on PRS, it is thus more inference on the CRS even if the PRS is not muted. The interference properties of CRS can result in a highly inaccurate channel impulse response (CIR) based on CRS, this could possibly downgrade the timing estimation performance when combining the PRS and CRS. One way to mitigate this issue is to estimate whether or not the CRS is heavily interfered, and thus not combine the PRS with CRS. This would add additional complexity to the UE, and uncertainty based on the CRS interference estimation capabilities at the UE. 

Observation 1:
Interference properties of CRS can cause PRS+CRS combination problems 
Furthermore, even if the UE is capable of accurately estimating the SINR, the problem with PCI ambiguity still exist on the CRS which can cause high timing estimation errors in dense networks. For example, assume that cell 1 and 2 share the same PCI, then it is possible that a UE estimates the CIR based on PRS from cell 1 (using one of the newly introduced 4096 PRS sequences), but it might estimate the CIR based on CRS from cell 2 if cell 2 has higher signal strength than cell 1. Hence, the combination of CRS+PRS would lead to a highly inaccurate timing estimate.
Observation 2:
PCI ambiguity is not considered for the CRS, could cause large errors when combining PRS+CRS
The results presented in [2] shows performance gain with non-coherent combining of the CRS+PRS. The gain is possible due to the increased diversity at high enough SINR for both CRS and PRS. The simulations did not include any results with two cells with same PCI mod 6 and muted PRS. The RSTD accuracy at this low CRS SINR region is expected worse since as aforementioned, if a UE cannot detect if the SINR is too low on the CRS, it will combine a highly inaccurate CRS with a PRS which could cause high uncertainty. 

In order to investigate the gain of a possible CRS+PRS combination, system level simulations are required since the uncertainty of combing PRS with non-muted CRS is assumed too high.
Proposal 1:
System level simulations are needed in order to evaluate CRS+PRS combination
In order to combine PRS + CRS, one required standard changes is to signal CP information for CRS if PRS is present, this is required due to the CP ambiguity in the MBSFN. It should be noted that it is possible to avoid scheduling PRS in MBSFN by adequate PRS pattern allocation. Another required change is to signal whether PRS and CRS is quasi-located, one option is to use a single bit to specify that all CRS ports are quasi co-located with the PRS port, or multiple bits if specifying which of the CRS ports that is quasi co-located with the PRS port.
3 Conclusions

We have the following observations and proposal:

Observation 1:
Interference properties of CRS can cause PRS+CRS combination issues

Observation 2:
PCI ambiguity is not considered for the CRS, could cause large errors when combining PRS+CRS.
Proposal 1:
System level simulations are needed in order to evaluate CRS+PRS combination
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