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Introduction
In this paper, we discuss the remaining open issues in the RSTD measurement gap, including the handling of the legacy measurement gap and the applicability rule for the new RSTD measurement gap patterns.

Legacy measurement gap 
RAN4 needs to decide whether to suspend or not the legacy measurement gap when the UE is configured with the dense PRS gap. First principle to highlight is that UE is not assumed to do both RRM and RSTD measurement within one gap occasion. This is the key assumption in deriving the measurement delay relaxation factor during the RSTD measurement period, KRSTD_M1_NC, in Rel.14 where the UE time-division-multiplexes RRM measurement and RSTD measurement across the different measurement gap occasions. Our view is that such assumption should continue to be valid for the UE supporting the dense PRS gap.
Proposal 1. UE configured with RSTD measurement gap is not expected to perform both RRM and RSTD measurements within one gap occasion.

Under the proposal 1, suspending the legacy measurement gap during the RSTD measurement period means that the RRM and RSTD measurement should time-share the RSTD measurement gap occasions. However, since the MGRP of the RSTD measurement gap could be much longer than the legacy measurement gap, e.g., 1280ms v.s. 40ms, such TDM scheme may result in much a sparser RRM measurement, affecting UE’s RRM performance. 
In our view, both RRM and RSTD measurement gap should be available to the UE during the RSTD measurement period to avoid such RRM performance impact. When both gap patterns are present, UE can use the legacy measurement gap for RRM measurement and the dense PRS gap for RSTD measurement. From the network perspective, RAN4 already has introduced the gap enhancement feature allowing multiple (per-CC) gap patterns can be configured to a UE in the Rel.14 LTE_meas_gap_enh-Perf WI. Therefore, maintaining two gap patterns for the eMTC UE could be done in a similar way.
Proposal 2. For a UE configured with the dense PRS gap, 
· The dense PRS gap is used only for RSTD measurement
· Any legacy measurement gap configured for RRM measurement continues to be used for RRM measurement during the RSTD measurement period

Existing RRM measurement relaxation factor related to RSTD measurement, e.g., KRSTD_M1_NC, is defined under the assumption that the legacy measurement gap of MGRP 40ms is TDMed across RRM and RSTD measurements.


Under the proposal 1 and 2, for a UE configured with the dense PRS gap, KRSTD_M1_NC can be revised to [1] 

where  > , and  = 40ms per current requirement. Note that  represents the number of the missing RRM measurement gap occasions due to overlapping with one RSTD measurement gap, and  represents the relative occurance of the RSTD measurement gap with respect to the RRM measurement gap.
Proposal 3. For a UE configured with both the dense PRS gap and the legacy measurement gap, the RRM measurement delay scaling factor is given by 

where  >  and  = 40.

Applicability of RSTD measurement gap 
In the last RAN4 #87 meeting, RAN4 agreed a CR for introducing 21 new gap patterns for the RSTD measurement under the dense PRS. However, the details of the applicability rule still need to be finalized. One option proposed was to strictly restrict the individual gap pattern to a certain coverage level and duplex mode, considering their connection to the minimum RSTD measurement performance requirement in RAN4. 
In our view, however, such restriction substantially undermines the usefulness of the dense PRS gap. In practice, UE could often be in the scenario where its RSTD measurement configured via LPP does not meet the side conditions specified in the RAN4 minimum requirement (8.13.2.3/4 and 8.13.3.3/5 in TS36.133). In such scenario, UE may need to process more number of PRS subframes than the minimum PRS subframes as defined in 9.1.21.17/18/20/21 and 9.1.25.1/2/4/5 in TS36.133 to achieve the acceptable accuracy/delay performance. It should be noted that the side conditions such as Es/Iot of the NPRS from the neighbor cell may not be readily known to the UE when it requests the gap pattern to the network. Therefore, blindly restricting the MGL length based on the link quality of the serving cell may substantially limit the RSTD measurement performance of the UE.
Observation 1. Some of the side conditions for the RSTD accuracy/delay requirement, such as the Es/Iot condition of the neighbor cells, may not be readily known to the UE at the time UE requests the RSTD measurement gap. 

Observation 2. Blindly restricting the gap pattern solely based on the link quality of the serving cell may substantially limit the RSTD measurement performance of the UE in practice. 

At the same time, putting no restriction on the gap pattern at all may not be desirable either since it may allow some UE to intentionally report a larger and more frequent RSTD measurement gap pattern than needed.
To address the concerns from both ends, we propose the following applicability rule for the RSTD measurement gap.
Proposal 4. The following applicability rule is introduced for the RSTD measurement gap pattern:
· UE shall not request the MGRP of the RSTD measurement gap that is shorter than configured TPRS 
· UE shall not request the MGL of the RSTD measurement gap that is longer than configured NPRS 

Under the proposed applicability rule, the UE is allowed to request the RSTD measurement gap pattern up to its configured number of PRS subframes for the improved RSTD measurement delay/accuracy. At the same time, the network still has multiple ways to restrict the UE interruption due to the RSTD measurement. First, the LPP may configure the RSTD measurement parameters such as TPRS and NPRS to limit the RSTD measurement gap pattern requested by the UE. Furthermore, eNB may also assign the RSTD measurement gap pattern with a shorter MGL and/or longer MGRP than requested by the UE to achieve the same purpose. 

Observation 3. Under proposal 3, LPP may configure to a UE a shorter NPRS and/or longer TPRS to effectively restrict (MGL,MGRP) of the RSTD measurement gap requested by the UE. 

Observation 4. Under proposal 3, eNB may configure a RSTD measurement gap with a shorter MGL and/or longer MGRP than requested by the UE.

Finally, from the UE conformance perspective, the test can be defined such that TE always configures the RSTD measurement gap pattern that matches the side condition and coverage level of the given minimum performance requirement, e.g., rstd8, (MGL,MGRP) = (14,1280), for the Cat M1 UE in the FDD CE mode A with NPRS ≥ 20 and TPRS ≤ 1280ms. This way RAN4 can still verify whether UE’s positioning performance satisfies the minimum accuracy requirement when only provided with the spec-minimum number of PRS subframe for the measurement.
Conclusions
In this paper, we discussed the remaining open issues in the RSTD measurement gap for eFeMTC UE. The list of observations and proposals made in this paper is summarized as follows. The companion CR is prepared in [2] to reflect the proposals in this paper.

Proposal 1. UE configured with RSTD measurement gap is not expected to perform both RRM and RSTD measurements within one gap occasion.

Proposal 2. For a UE configured with the dense PRS gap, 
· The dense PRS gap is used only for RSTD measurement
· Any legacy measurement gap configured for RRM measurement continues to be used for RRM measurement during the RSTD measurement period

Proposal 3. For a UE configured with both the dense PRS gap and the legacy measurement gap, the RRM measurement delay scaling factor is given by 

where  >  and  = 40.

Observation 1. Some of the side conditions for the RSTD accuracy/delay requirement, such as the Es/Iot condition of the neighbor cells, may not be readily known to the UE at the time UE requests the RSTD measurement gap. 

Observation 2. Blindly restricting the gap pattern solely based on the link quality of the serving cell may substantially limit the RSTD measurement performance of the UE in practice. 

Proposal 4. The following applicability rule is introduced for the RSTD measurement gap pattern:
· UE shall not request the MGRP of the RSTD measurement gap that is shorter than configured TPRS 
· [bookmark: _GoBack]UE shall not request the MGL of the RSTD measurement gap that is longer than configured NPRS

Observation 2. Under proposal 3, LPP may configure to a UE a shorter NPRS and/or longer TPRS to effectively restrict (MGL,MGRP) of the RSTD measurement gap requested by the UE. 

Observation 3. Under proposal 3, eNB may configure a RSTD measurement gap with a shorter MGL and/or longer MGRP than requested by the UE.
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