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1 Introduction
In the WID [1], the following is stated among the objectives:

· New gaps for dense PRS configurations [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new gaps taking into account periodicity and PRS occasion length of dense PRS configuration.
In this contribution, we provide some views on the new gaps for dense PRS configurations.
2 Discussion
In Rel-9, PRS are transmitted in positioning occasions which consist of NPRS positioning subframes where NPRS can be 1, 2, 4, or 6 positioning subframes. The positioning occasions occur periodically with TPRS periodicity which can be 160, 320, 640, and 1280 subframes.

In Rel-14, dense PRS configurations were additionally introduced with the new positioning occasion lengths: 1, 2, 3, …, 160 subframes. And also the set of possible TPRS values was extended to include: 5, 10, 20, 40, and 80 subframes.
Only measurement gap pattern with MGRP of 40 ms and MGL of 6 ms is supported for UE performing RSTD measurements. With this measurement gap pattern, the benefits with dense PRS configurations cannot be fully exploited for RSTD measurements performed in measurement gaps. For example, in case of NPRS=160 a UE configured with measurement gaps for RSTD measurements will be able to receive PRS during 4 measurement gaps with 4 effective measurement time subframes each. This gives only 16 non-consecutive subframes out of the entire positioning occasion with 160 subframes. This is especially problematic for FeMTC UEs in enhanced coverage which require more PRS subframes to achieve accurate RSTD measurements.
Currently, based on inter-frequency accuracy requirements, at least the following total numbers of PRS subframes (NPRS_Total) are necessary for RSTD measurements performed by Cat M1 and Cat M2 UEs:
Normal coverage:

· 1.4 MHz: 12
· 5 MHz: 4
Enhanced coverage:

· 1.4 MHz: 30
· 5 MHz: 8
The measurement period is calculated based on the relation between the MGL, NPRS, NPRS_Total, and Nactual_PRS as in the table below, where:
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 EMBED Equation.3  [image: image10.wmf]
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	Note 1:
When only intra-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1.

Note 2:
When intra-frequency RSTD and inter-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2, respectively. 


One can observe from the above that the largest number of PRS subframes needed for RSTD measurements according to the RSTD requirements (the largest NPRS_Total is 30) is smaller than the longest possible positioning occasion (the largest NPRS is 160), so no UE needs PRS occasions longer than 30 subframes. Hence, there is no need in measurement gaps longer than 32 subframes since these are enough for the UE to complete the RSTD measurement in one gap. 
· Proposal 1: The applicable MGL should preferably not be larger than the total number of PRS subframes needed for RSTD measurements NPRS_Total +2 (2 is due to switching in the beginning and in the end of the gap), which is for

Normal coverage:

· 1.4 MHz: 14 (12+2)

· 5 MHz: 6 (4+2) – legacy measurement gaps are sufficient for this case!
Enhanced coverage:

· 1.4 MHz: 32 (30+2)

· 5 MHz: 10 (8+2)

Introducing only one new measurement gap pattern, e.g., with MGL=32, is not efficient for 5 MHz nor for 1.4 MHz normal coverage, since a lot of subframes will be wasted due to the unnecessary long MGL.
· Proposal 2: More than one measurement gap is introduced to support dense PRS configurations, e.g.: with MGL={32, 14, 10}.
· Proposal 3: The allowed set of measurement gap patterns for a UE shall be based on the coverage level and bandwidth so that MGL≤ NPRS_Total +2.
Since MGL is in ms (or the number of consecutive subframes) while NPRS_Total and NPRS are counted in the number of DL subframes, a slightly longer MGL may be needed for TDD to compensate for UL and special suframes.
· Proposal 4: One additional measurement gap pattern may be introduced applicable only for TDD with MGL>32, e.g., MGL=54.
If new measurement gaps are to be introduced, RAN4 needs to decide MGL and also MGRP. These two parameters together determine the impact on the serving cells and has to be decided based on a compromise between the gain for positioning and general performance loss. With the current measurement gaps patterns, 6 ms out of 40 ms (for MGP #0) and 80 ms (for MGP #1) are not available for the serving cell operation, which corresponds to 15% and 7.5%, respectively. One approach for determining MGRP for the new gaps could also be based on restricting the maximum percentage of the gap subframes, e.g., for MGL=32 the MGRP=320 ms would give 10% of gap subframes and it also one of the PRS periodicities which would make it convenient to align the gaps with PRS occasions.
· Proposal 5: When deciding MGRP, restrict the percentage of gap subframe to no more than 15% while taking into consider feasible PRS periodicities (TPRS).
Currently, the UE indicates the need for measurement gaps and the preferred offset, which has been relevant so far since only measurement gap pattern with MGRP=40ms and NGL=6ms can be chosen for UE performing RSTD measurement. However, if new measurement gaps are introduced, the UE needs to provide further information to eNodeB about the measurement gap pattern (e.g., maximum applicable MGL) it needs, since the eNodeB may not be aware in which cells dense PRS configurations are used and which cells are included in the OTDOA assistance data received by the UE from E-SMLC.    
· Proposal 6: When indicating the need for measurement gaps for RSTD, the UE also indicates to eNodeB the maximum applicable MGL.

The new measurement gap pattern for RSTD measurements on dense PRS configuration may also impact other RRM procedures e.g. RLM. The impact on the RLM requirements (e.g. OOS and IS evaluation periods) should be avoided or minimized. So, RAN4 needs to further investigate if there will be any impact on at least RLM. 

· Proposal 7: RAN4 to is discuss the impact of new measurement gap pattern on RLM.
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