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1 Introduction
During RAN#78 a new positioning objective was added to the revised WID for the REL-15 MTC enhancements [1]:

· 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.

The existing RSTD measurements gaps provide measurement opportunity during 6 ms every 40 ms. Dense PRS configurations are denoted as configurations with long PRS occasions with NPRS > 6ms. New gaps may be needed, because with the existing gaps the UE positioning performance is limited due to UE inability to measure on more than 4 PRS subframes within any 40 ms period when the legacy gaps are used for measuring cells which are transmitting long PRS occasions [2-4].

In this contribution the RAN2 impact to support dense PRS configuration for MTC is discussed further.
2 RAN4 status

RAN4 discussed the new measurement gaps for dense PRS configurations [5-8] and agreed a way forward RAN4#86bis [9]:
New gaps and RSTD measurements
· A new measurement gap pattern is configured for UE that requires such gaps for performing RSTD measurements configured via LPP
· Impact on RSTD requirements:
· The existing UE Cat M1 and Cat M2 accuracy requirements for RSTD measurements in gaps shall also apply with the new gaps
· RAN4 to check whether the existing UE Cat M1 and Cat M2 measurement period requirements (generically formulated with respect to MGL and MGRP) for RSTD measurements in gaps also apply with the new gaps
New and legacy measurement gap patterns

· FFS whether legacy measurement gap patterns can be used in parallel with new gaps, choose between options:
· Option 1: using the earlier configured leagacy gaps shall be suspended during the RSTD measurement period (while new gaps are used) and resumed after the RSTD measurements are complete (when new gaps are no longer used)
· Option 2: the legacy gaps may be used during the RSTD measurement period, in parallel with new gaps (the details are FFS)
· FFS gap alignment between legacy measurement gap and new RSTD measurement gap
New gaps and RRM measurements:

· New measurement gap patterns shall not be requested if UE is not configured with RSTD measurements via LPP
· FFS using the new gaps (when configured for RSTD) for RRM during the RSTD measurement period, choose between options:
· Option 1: new gaps shall not be used for RRM measurements
· Option 2: new gaps may be used for RRM measurements, under certain conditions (conditions FFS)
· Impact on RRM requirements:
· RAN4 to discuss the impact of new gaps on RRM requirements, including intra-frequency and inter-frequency RRM requirements
New measurement gap patterns
· The new measurement gap pattern configurations are to be specified assuming X=0.15 (MGL/MGRP < X [R4-1803147])
· Other rules are not precluded
RAN4 already agreed in RAN4#86 that there would be new measurement gaps for RSTD measurements to support dense PRS (R4-1803147): 
· More than one new measurement gap pattern are introduced to support dense PRS
· FFS wether the same gap patterns can be used for both FDD and TDD
· The new measurement gap patterns are specified in 36.133
· Gap pattern ID is signalled to the UE
· New measurement gap patterns are characterized by:
· MGL > 6
· MGL not longer than the number of PRS subframes needed to meet RSTD requirements + 2 subframes for switching
· MGL/MGRP < X, X is TBD
· UE may indicate a preferred measurement gap pattern ID
· A measurement gap pattern with a longer MGL may be indicated for CEModeB and a shorter MGL for CEModeA
· RAN4 to discuss and specify applicable requirements also for UE configured with both a measurement gap pattern for RRM measurements and a new measurement gap pattern for RSTD measurements
· RAN4 to discuss the impact of new measurement gap patterns on RLM
It is assumed that RAN4 will conclude and agree on the open issues in next RAN4#87 [10-14] and send an LS to RAN2 to finalize the signaling changes [15]. 

3 Background
Existing RSTD measurement gaps and RSTD measurement requirements

For inter-/intra-frequency RSTD measurements only gap pattern #0 (40 ms repetition and 6 ms gap length) is used. The BL/CE UE performs the RSTD measurements in connected mode. The RSTD measurement requirements (e.g. time to detect and measure PRS on at least n cells) are captured in 36.133 for category M1 and category M2 UE in CEmodeA and CEmodeB (see section 8.13). The measurement gaps are defined in table 8.1.2.1-1 in 36.133. 

Legacy signalling

After the UE has indicated OTDOA capabilities via LPP signalling (36.355), the location server can provide assistance data to the UE (e.g. PRS info of serving and neighbour cells). When the UE receives an LPP location request including OTDOA-RequestLocationInformation the UE starts RSTD measurements. To be able to perform inter-frequency RSTD measurements the UE requires measurements gaps. A BL/CE UE also needs gaps for intra-frequency RSTD measurements when the PRS is not available within the measurement bandwidth of the UE. In case measurement gaps are not configured, the UE can request measurement gaps from the eNB via InterFreqRSTDMeasurementIndication RRC message.

4 Discussion

RAN2 impact

RAN4 agreed that there will be new gap patterns to support dense PRS configurations, indicated by a new gap pattern ID, and that the UE may indicate a preferred measurement gap pattern ID with CEmodeA or CEmodeB. Furthermore there may be different gap patterns for TDD. Therefore it is proposed that the InterFreqRSTDMeasurementIndication message is extended to indicate that the UE requests measurement gaps for dense PRS configurations, and that the UE may indicate a preferred gap pattern, indicated by one of the new gap pattern IDs:

Proposal 1: Introduce densePRS-GapPreference signalling in InterFreqRSTDMeasurementIndication message, i.e. the presence of one of the new dense PRS gap pattern IDs indicates that the UE requests measurement gaps to perform RSTD measurement with dense PRS configurations and the signalled dense PRS gap pattern ID indicates the gap pattern that the UE prefers.

The eNB decides on the configuration of the new RSTD measurement gaps, and the eNB can use the preference indicated by the UE. The UE may take the RRC configuration into account when indicating the preferred gap patterns (e.g. CEmodeA and CEmodeB). 

Measurement gaps are configured via RRCConnectionReconfiguration message with IE MeasGapConfig: 
Proposal 2: Introduce measDensePRSGapConfig signalling in IE MeasGapConfig in RRCConnectionReconfiguration message to enable the eNB to configure one of the new dense PRS measurement gaps.

It is possible that the UE has measurement gaps configured for RRM measurements (40 ms gap pattern gp0 or 80 ms gap pattern gp1), and the UE receives a request via LPP signalling for inter-frequency RSTD measurement (40 ms gap pattern is used with RSTD measurements only, see NOTE1 Table 8.1.2.1-2 in 36.133). In such case the eNB configures gp0, when gp1 was configured, i.e. gp1 is released. The UE is able to perform RRM and RSTD measurements with gp0. When the UE has indicated that RSTD measurements have stopped, the eNB can decide to configure gp1 for RRM measurements only. 
RAN4 is currently discussing how to handle RRM measurements and RSTD measurements with dense PRS configuration, i.e. whether the legacy and new gaps are both used, or whether only the new gaps are used for both RRM and RSTD measurements. RAN2 should wait for the outcome of the RAN4 discussions, and evaluate potential impact on RAN2 after that: 

Assumption 1: RAN2 waits for the RAN4 agreements about RRM and RSTD measurements with the new gap patterns.
A CR to 36.331 is provided for discussion and agreement [16].
5 Summary

RAN2 is kindly asked to discuss dense PRS configurations: 

Proposal 1: Introduce densePRS-GapPreference signalling in InterFreqRSTDMeasurementIndication message, i.e. the presence of one of the new dense PRS gap pattern IDs indicates that the UE requests measurement gaps to perform RSTD measurement with dense PRS configurations and the signalled dense PRS gap pattern ID indicates the gap pattern that the UE prefers.

Proposal 2: Introduce measDensePRSGapConfig signalling in IE MeasGapConfig in RRCConnectionReconfiguration message to enable the eNB to configure one of the new dense PRS measurement gaps.

Assumption 1: RAN2 waits for the RAN4 agreements about RRM and RSTD measurements with the new gap patterns.
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