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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. Accuracy of PRS based positioning suffers as the PRS processing bandwidth reduces and SNR worsens. To compensate for the loss of accuracy due to limited processing bandwidth and worsened 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 highlight restrictions in the current specification that will limit how often UE can exercise its capability of measuring dense PRS configurations even if network configures it. We propose introduction of new gaps dedicated for RSTD measurements that will ensure that UEs capable of measuring denser PRS configuration, can do so, when network configures dense PRS.
2. Discussion 

In this section, we highlight relevant PRS enhancements and modifications to RSTD measurement procedures introduced for Rel-14 FeMTC UEs. Then, we point out the deficiencies in the existing procedures. 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 83, RAN4 concluded that even in CE mode A SNR conditions, to achieve minimum required accuracy of RSTD measurement, UE will need at least 12 PRS subframes per cell (if PRS BW ≤ 15RBs) [2]. In CE mode B SNR conditions, the minimum required PRS subframes per cell is even larger (30 subframes if PRS BW ≤ 15RBs) [2]. Thus, if a cell 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, BL/CE 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 BL/CE 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, BL/CE UEs may need gaps for intra-frequency RSTD measurements. 

BL/CE 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 Limitations of existing procedures

As noted in Section 2.1, BL UEs may require measurement gaps for inter-frequency and intra-frequency RSTD measurement. However, per RAN4, 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 if an eNB configures denser PRS, and even if a BL/CE UE indicates densePrsConfig capability, it will not be able to make RSTD measurements on more than 6 contiguous PRS subframes. An illustration of above described limitation is show in Figure 1. 
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Figure 1: An example where narrowband where eNB transmits PRS is different from MPDCCH narrowband of a BL UE. BL UE has to tune-away from MPDCCH narrowband to make RSTD measurements only in gap. Since gap duration is limited to 6ms, BL UE cannot measure more than 6 contiguous PRS subframes, even if it indicates densePRSconfig capability.

Observation 3: If a BL/CE UE require gaps for RSTD measurements, then it cannot measure more than 6 contiguous PRS subframes even if it indicates densePRSconfig capability because legacy gaps have length of only 6ms.
2.3 New gaps for RSTD measurements
Whenever gaps are required for RSTD measurements, existing gap patterns pose a severe restriction on the number of contiguous PRS subframes that a BL/CE UE can measure. Hence, we propose that new gap patterns be defined that will allow BL/CE UEs to make RSTD measurements on more than 6 contiguous PRS subframes. These new gaps patterns can be dedicated for PRS measurements and henceforth we shall refer to them as dedicated RSTD gaps. 
Proposal 1: Introduce new gap patterns for BL/CE UEs, dedicated for RSTD measurement.

Proposal 2: Send an LS to RAN2 informing the introduction of dedicated RSTD gaps.

Naturally the set of allowed gap lengths of dedicated RSTD gaps must include gap lengths that are longer than 6ms. Ideally, the gap length should be aligned to the PRS occasion lengths that are required to be supported by a UE declaring densePRSconfig capability (i.e., gap lengths of 10, 20, 40, 80 and 160ms).
Proposal 3: Set of allowed gap lengths of the dedicated RSTD gaps should be aligned to the PRS occasion lengths required to be supported by UEs that declare densePRSconfig capability. Thus, gap lengths should be 10, 20, 40, 80 and 160ms.

The configured gap length depends on variety of factors, including CE mode configuration, PRS BW and UE’s processing BW.

The periodicity of dedicated RSTD gaps can be longer than legacy gaps, i.e., longer than 40ms or 80ms. It makes sense to align the periodicity of the configured dedicated RSTD gaps with the periodicity of PRS transmission. Note that, aligning the periodicity of dedicated RSTD gaps with PRS transmission periodicity will also reduce the interruption due to gaps needed for PRS measurement. 
Proposal 4: The periodicity of the configured dedicated RSTD gaps should be aligned to the periodicity of PRS transmission.
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Figure 2: An example depicting dedicated RSTD gap configuration. The duration of the gap is K ms, where 6 < K ≤ N_PRS. The periodicity of the dedicated RSTD gap is aligned with the periodicity of PRS transmission. 

Since the serving eNB may not be aware that a BL/CE UE supports densePRSconfig capability, the onus of requesting dedicated RSTD gaps should fall on the BL/CE UE itself. Further, the serving eNB may not be aware of the PRS configurations of inter-frequency neighbors. Hence, the BL/CE UE should indicate the desired length of the gap, gap periodicity and gap offset by considering the PRS configurations of both intra-frequency and inter-frequency neighbors that it is required to measure. RAN2 message InterFreqRSTDMeasurementIndication and the procedure should be modified accordingly.
Proposal 5: The InterFreqRSTDMeasurementIndication message should be modified to include desired length of the dedicated RSTD gap, gap periodicity and gap offset.
Proposal 6: Send an LS to RAN2 indicating the need to modify InterFreqRSTDMeasurementIndication message to include desired length of the dedicated RSTD gap, gap periodicity and gap offset.
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Figure 3: Dedicated RSTD gaps are requested by the BL/CE UE. The desired gap length is indicated in the InterFreqRSTDMeasurementIndication message
Finally, once the BL/CE UE has completed all the OTDOA measurements, it should request a deconfiguration of the dedicated RSTD gap. Such deconfiguration request can also be a part of the stop indication transmission.

Proposal 7: BL/CE UE should request a deconfiguration of dedicated RSTD gaps once it has finished all OTDOA measurements. 

Figure 3 shows a protocol overview of how the dedicated RSTD gaps can be configured by the eNB. 

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

Observation 3: If a BL/CE UE require gaps for RSTD measurements, then it cannot measure more than 6 contiguous PRS subframes even if it indicates densePRSconfig capability because legacy gaps have length of only 6ms.

Proposal 1: Introduce new gap patterns for BL/CE UEs, dedicated for RSTD measurement.

Proposal 2: Send an LS to RAN2 informing the introduction of dedicated RSTD gaps.

Proposal 3: Set of allowed gap lengths of the dedicated RSTD gaps should be aligned to the PRS occasion lengths required to be supported by UEs that declare densePRSconfig capability. Thus, gap lengths should be 10, 20, 40, 80 and 160ms.

Proposal 4: The periodicity of the configured dedicated RSTD gaps should be aligned to the periodicity of PRS transmission.
Proposal 5: The InterFreqRSTDMeasurementIndication message should be modified to include desired length of the dedicated RSTD gap, gap periodicity and gap offset.
Proposal 6: Send an LS to RAN2 indicating the need to modify InterFreqRSTDMeasurementIndication message to include desired length of the dedicated RSTD gap, gap periodicity and gap offset.

References  
[1] 36.355, version 14.2.0
[2] R4-1706220, “Ad hoc minutes for FeMTC/eMTC RRM and demodulation performance”, Ericsson, RAN4 83, Hangzhou, China, May 2017
[3] 36.331, version 14.3.0
8
5

