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1. Introduction
Rel-14 eMTC/FeMTC UEs can operate in a bandwidth limited mode, i.e., operate with a front-end/processing bandwidth that is smaller than the LTE system bandwidth. In addition, eMTC/FeMTC UEs are expected to operate in worse SNR conditions relative to legacy LTE UEs especially in CEModeB. Accuracy of PRS based positioning suffers as the PRS processing bandwidth reduces in extremely low SNR condition. To compensate for the loss of accuracy due to limited processing bandwidth and extremely low SNR, in Rel-14 FeMTC, RAN1 introduced several PRS enhancements. One such PRS enhancement that is essential to achieve reasonable accuracy of RSTD measurement, both in CE mode A and mode B SNR conditions, is support of dense PRS configurations (i.e., PRS configuration with NPRS > 6ms) [1]. In this contribution, we propose a RSTD measurement procedure for eMTC/FeMTC UEs using autonomous gap when dense PRS is configured by the network. 
2. Discussion 

In this section, we highlight relevant PRS enhancements and RSTD measurement procedures introduced for Rel-14 FeMTC UEs. Then, we point out the problems in the existing procedure. Finally, we propose potential resolutions.

2.1. Existing PRS enhancements and procedures 
2.1.1. Dense PRS config support
A Rel-14 eMTC/FeMTC UE can declare capability of densePrsConfig which indicates that it can make RSTD measurements in PRS configurations with PRS occasion lengths of 10, 20, 40, 80 and 160ms. In RAN4 84, RAN4 agreed on RSTD measurement requirement for Rel-14 eMTC/FeMTC UE that requires at least 12 PRS subframes in CEModeA and 30 PRS subframes in CEModeB when PRS BW ≤15RBs. [2]. Thus, if eNB configures dense PRS and a BL/CE UE supports densePrsConfig, then it will need fewer PRS occasions to complete RSTD measurement. Clearly, UE benefits by supporting densePrsConfig.
Observation 1: Supporting densePrsConfig capability is beneficial for BL/CE UEs.
2.1.2. Measurement gaps for RSTD measurement
All UEs rely on measurement gaps to make RSTD measurements on inter-frequency carriers. In addition, eMTC/FeMTC UEs may need gaps for intra-frequency RSTD measurements as well. Gaps for intra-frequency RSTD measurement are needed when serving/intra-frequency neighbor eNB’s PRS transmission bandwidth is smaller than cell’s system bandwidth and PRS narrowband is different from UE’s configured MPDCCH/PDSCH narrowband. In such a scenario, a eMTC/FeMTC UE will need to tune-away from its MPDCCH/PDSCH narrowband to monitor PRS narrowband. Such tune-away necessitates gaps. 

Observation 2: All UEs need gaps for inter-frequency RSTD measurement. In addition, eMTC/FeMTC UEs may need gaps for intra-frequency RSTD measurements. 

eMTC/FeMTC UEs can request gaps for inter-frequency and intra-frequency RSTD measurement by transmitting InterFreqRSTDMeasurementIndication [Section 5.5.7.3 of 36.331 [3] message. The applicability of InterFreqRSTDMeasurementIndication to intra-frequency RSTD measurement was introduced in RAN2 #98.
2.2 Issues with existing procedures

As noted in Section 2.1, eMTC/FeMTC UEs require measurement gaps for inter-frequency and intra-frequency RSTD measurement. However, measurement gaps are limited to a gap of length 6ms with a periodicity of 40ms or 80ms (Gap ID 0 and 1). Thus, in every gap, a UE can make RSTD measurement on at most 6 contiguous PRS subframes. Even when eNB configures denser PRS, and even when eMTC/FeMTC UE indicates densePrsConfig capability, it will not be able to make RSTD measurements on more than 6 contiguous PRS subframes. In order to resolve the problem, in RAN4 #84, we proposed to introduce longer gap dedicated to RSTD measurement but discussion/decision on new gap pattern was postponed to Rel-15. It implies that, at least for Rel-14 eMTC/FeMTC UE, RSTD measurement should be performed based on legacy 6ms gap and dense PRS configuration cannot provide any benefit to Rel-14 UE. 
Observation 3: Rel-14 eMTC/FeMTC UE cannot benefit from dense PRS configuration.  

As agreed in [2], eMTC UE needs to observe PRS on at least 12 or 30 subframes depending on CEMode UE is operating in. Since UE can measure 4 PRS subframes in each PRS occasion in case of inter-frequency measurement, this implies that, for each measured cell, UE needs to average measurement over 3 PRS occasions in CEModeA and 8 PRS occasions in CEModeB. Such measurement procedure is not desirable in terms of implementation cost and measurement performance. 
· In order to meet the measurement performance, UE needs to rely on coherent/non-coherent averaging of channel impulse response. If UE needs to average channel over multiple PRS occasions, it will lead to large memory increase, which is not desirable to low cost device implementation. Note that, existing RSTD measurement requirement is defined in a way that UE can perform averaging and measurement within one PRS occasion without the need to store channel measurement in the memory. 

·  If UE must average channel over multiple PRS occasion, measurement accuracy can be degraded due to potential UE mobility or clock drift during measurement period. Clock drift a real concern since low cost device usually uses low cost crystal and it is not easy to compensate clock drift via timing tracking loop when UE is operating in extremely low SNR. 
Observation 4: RSTD measurement based on PRS observation over multiple PRS occasions is not desirable in terms of implementation cost and measurement performance. 

3. RSTD measurements based on autonomous gap
One way to allow Rel-14 eMTC UE to benefit from dense PRS configuration is autonomous gap. Autonomous gap is used for CGI reading and similar procedure can be adopted for RSTD measurement of Rel-14 eMTC/FeMTC UE when dense PRS is configured by network. 
When UE receives RSTD measurement request from eSMLC, agreed procedure assumes that UE needs to send InterFreqRSTDMeasurementIndication to eNB to request gap. In this message, UE can indicate the length of PRS occasion and periodicity as assistance information to eNB. When PRS occasion length is longer than 6ms gap, eNB can indicate UE that it can perform RSTD measurement with autonomous gap. When UE completes RSTD measurement, UE needs to send InterFreqRSTDMeasurementIndication to eNB to indicate the end of RSTD measurement. MPDCCH scheduling is up to eNB scheduler implementation and UE will puncture MPDCCH/PDSCH demodulation and PUSCH transmission as necessary during autonomous gap. 
Proposal 1: Introduce RSTD measurement procedure with autonomous gap to support dense PRS configuration for Rel-14 eMTC/FeMTC UEs. 
Proposal 2: Send an LS to RAN2 to inform introduction of RSTD measurement procedure using autonomous gap.

4. Conclusion 
Observation 1: Supporting densePrsConfig capability is beneficial for BL/CE UEs.
Observation 2: All UEs need gaps for inter-frequency RSTD measurement. In addition, eMTC/FeMTC UEs may need gaps for intra-frequency RSTD measurements. 

Observation 3: Rel-14 eMTC/FeMTC UE cannot benefit from dense PRS configuration.  

Observation 4: RSTD measurement based on PRS observation over multiple PRS occasions is not desirable in terms of implementation cost and measurement performance. 

Proposal 1: Introduce RSTD measurement procedure with autonomous gap to support dense PRS configuration for Rel-14 eMTC/FeMTC UEs. 

Proposal 2: Send an LS to RAN2 to inform introduction of RSTD measurement procedure using autonomous gap.
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