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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.

In this contribution the RAN2 is impact is evaluated further. 

2 Background 

2.1 Background work item objective
RAN4
In the context of the REL-14 OTDOA enhancements for BL/CE UEs [2] RAN4 discussed dense PRS configurations, i.e. PRS configuration with NPRS > 6ms [3] and agreed during RAN4#84 [4]:

Dense PRS configuration:

· Discuss need for new gaps for dense PRS configurations under Rel-15.

Concerns were raised that with the existing gaps for RSTD measurements (i.e. 6 ms every 40 ms) 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.

RAN plenary
During RAN#78 it was proposed to revise the Rel-15 eFeMTC WID to include a discussion on the need for new gaps for dense PRS configurations [5]. In the revised WID it was agreed to evaluate the need for new gaps, as described in the introduction above [1].

2.2 RAN4 progress
RAN4 discussed dense PRS configurations in RAN4#82 [6-9] and approved a WF on measurement gaps for dense PRS in [10]:
· 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

RAN4 will discuss the new dense PRS measurement gaps further in RAN4#86bis [11-13] and perhaps be able to agree on the details and send an LS to RAN2 to finalize the signaling changes [12]. 

3 Discussion

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.
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 legacy measurement gaps configured for RRM measurements and new measurement gaps configured for RSTD measurements [11-13]. RAN4 is discussing what is the required UE behaviour in such case, i.e. which measurement gaps the UE should use to fulfil the measurement requirements:
Observation 1: The procedures need to be discussed when the UE needs legacy measurement gaps for RRM measurements and new measurement gaps for RSTD measurements.

A draft CR to 36.331 is provided for information [14].
Capability signalling
It is assumed that support of the new REL-15 RSTD measurement gaps is optional and only applicable when the UE supports OTDOA. Perhaps it is useful for the location server to know if the UE supports the new RSTD measurement gaps (e.g. the UE can complete the measurements more quickly or with better accuracy within the LPP response time). However even if the UE supports the new RSTD measurement gaps, the eNB might not support them, or decide not to configure them: 
Proposal 3: RAN2 to discuss if the location server needs to know if the UE supports the new RSTD measurement gaps.
4 Summary

RAN2 is kindly asked to discuss the need for new gaps for dense PRS configurations for BL/CE UEs:

Observation 1: The procedures need to be discussed when the UE needs legacy measurement gaps for RRM measurements and new measurement gaps for RSTD measurements.

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 inter-frequency RSTD measurement with dense PRS configurations and 
Proposal 2: Introduce “dense PRS gap pattern ID” signalling in IE MeasGapConfig in RRCConnectionReconfiguration message.

Proposal 3: RAN2 to discuss if the location server needs to know if the UE supports the new RSTD measurement gaps
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