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1 Introduction
In this contribution, we discuss the potential impact of CRS muting on positioning for UE category M1 and M2.
2 Discussion
Cat M1 UEs support bandwidth of 1.4 MHz, Cat M2 UEs support bandwidths of up to 5 MHz, and both support operation in enhanced coverage, in addition to normal coverage, and also support positioning (E-CID and OTDOA).
2.1 RSTD measurements
RSTD measurements, for which requirements are specified, are performed based on PRS transmitted during periodic positioning occasions. In addition to PRS, UE may also use CRS for RSTD measurements, while meeting the same requirements under the assumption that CRS bandwidth is not smaller than the PRS measurement bandwidth.
· Observation 1: For UE using CRS for RSTD measurements, CRS cannot be muted within the PRS measurement bandwidth.

· Observation 2: eNodeB is not aware of whether there is a UE performing RSTD measurements in its cell as well as whether the UE is using CRS for its RSTD measurements (in addition to PRS) or not and also whether/how the UE is using hopping while performing RSTD measurements, therefore no CRS muting shall be allowed in any PRS subframe.
· Observation 3: In [1], it has been already agreed for a WI on network-based CRS interference mitigation:

•
RSTD: existing requirements apply, under full BW CRS in positioning subframes.
· Proposal 1: When CRS muting is used with eFeMTC, CRS shall not be muted in PRS subframes within the UE bandwidth in the measured cell and the existing FeMTC RSTD requirements shall apply.
2.2 UE Rx-Tx measurements for E-CID
UE Rx-Tx time difference measurements are performed based on CRS and their accuracy requirements depend on the PCell transmission bandwidth, i.e., CRS shall be available within the UE RF bandwidth when the UE is taking DL samples for performing UE Rx-Tx time difference measurements. 
· Observation 3: For UE Rx-Tx requested via LPPa, eNodeB is aware of when the UE may start and report the measurements, and therefore can ensure CRS transmissions over the UE measured BW transparently to the UE.

· Observation 4: For LPP-based UE Rx-Tx, eNodeB is generally not aware of UE Rx-Tx measurement requests, so if CRS muting is used then the UE needs to be explicitly aware of this in order to adapt its UE Rx-Tx measurement to the available CRS bandwidth, at least in non-DRX case, unless eNodeB is specifically made aware of when UE are performing UE Rx-Tx requested via LPP (when UE is configured with DRX, the network may ensure CRS over corresponding UE RF BW in DRX ON-duration transparently to the UE since the measurements are done in ON-durations and DRX configuration is controlled by eNodeB).
· Proposal 2: For UE Rx-Tx time difference measurements, the existing requirements apply provided CRS are available within the UE bandwidth in the serving cell during the UE Rx-Tx measurement period.
2.3 RSRP and RSRQ measurements for E-CID

For RSRP and RSRQ measurements, similar to general RRM measurements, no impact on the exiting requirements is expected, provided CRS transmissions over UE BW are available during the measurement occasions.
· Proposal 3: For RSRP and RSRQ measurements for E-CID, the same principles with respect to CRS muting apply as for general RRM measurements in RRC_CONNECTED.
2.4 Positioning measurements by HD-FDD UE
For HD-FDD UE, CRS can be muted during the time configured for UL operation, without impact on the existing positioning measurements (OTDOA and E-CID) requirements which shall apply also for HD-FDD UE.

· Observation 5: In [1], it has been already agreed for a WI on network-based CRS interference mitigation:

· Full BW CRS shall be assumed during UL transmission gaps,
· 6 RB CRS can be assumed during UL periods regardless of DRX/non-DRX, except for the UL transmission gaps.
· Proposal 4: When CRS muting is used with eFeMTC:

· CRS shall be assumed within the UE bandwidth in the serving cell during UL transmission gaps, and

· Central 6 RB CRS within the serving cell BW can be assumed during UL periods regardless of DRX/non-DRX, except for the UL transmission gaps.
3 Summary

The following has been proposed in this contribution:

· Proposal 1: When CRS muting is used with eFeMTC, CRS shall not be muted in PRS subframes within the UE bandwidth in the measured cell and the existing FeMTC RSTD requirements shall apply.

· Proposal 2: For UE Rx-Tx time difference measurements, the existing requirements apply provided CRS are available within the UE bandwidth in the serving cell during the UE Rx-Tx measurement period.

· Proposal 3: For RSRP and RSRQ measurements for E-CID, the same principles with respect to CRS muting apply as for general RRM measurements in RRC_CONNECTED.
· Proposal 4: When CRS muting is used with eFeMTC:

· CRS shall be assumed within the UE bandwidth in the serving cell during UL transmission gaps, and

· Central 6 RB CRS within the serving cell BW can be assumed during UL periods regardless of DRX/non-DRX, except for the UL transmission gaps.
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