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1 Introduction
In RAN4 #73 meeting, all open issues of RAN4 positioning enhancement study item were addressed and solutions were captured in the TR36.855 v0.7.0, and therefore this SI is 100% finalized as planned.
Based on the SID of this SI, the scopes for study are as below,

The objective is to study accuracy enhancements for current positioning mechanisms such as OTDOA and E-CID based on UE Rx-Tx time difference measurement in heterogeneous deployment scenarios and different system bandwidths.

The feasibility of improving the existing UE positioning performance requirements of OTDOA and E-CID based on UE Rx-Tx time difference measurement shall be studied for the following cases:

· Larger available bandwidths (e.g. 15 and 20MHz for OTDOA and 10, 15, and 20 MHz for E-CID based on UE Rx-Tx time difference measurement).

· Smaller available bandwidths (e.g. 1.4 and 3 MHz for OTDOA and E-CID based on UE Rx-Tx time difference measurement)
· Possible use of downlink Tx diversity for the positioning reference signals (PRS), e.g., schemes transparent to UE, and its impact on the both UE and system performance and/or complexity.  Use of non-transparent schemes can be discussed.
· Deployment of RRHs with identical cell IDs for OTDOA and E-CID based on UE Rx-Tx time difference measurement.

· Carrier aggregation scenarios (including scenarios with multiple TAs for E-CID based on UE Rx-Tx time difference measurement)

The study includes the definition of the above mentioned scenarios in an initial phase.

The bandwidth related enhancement for this SI were reflected in two CRs [1][2] which were approved in RAN4 #73 meeting. In this paper we summarize the outputs of this SI and propose to establish a future positioning enhancement WI.
2 Summary of the outputs of RAN4 positioning enhancement SI
Besides the bandwidth related enhancements, the SI have conclusions on other enhancements as well, and based on the TR36.855, the technical points could be categorized as,

1. PRS diversity

2. OTDOA enhancement in Het-net scenarios

3. ECID enhancement in Het-net scenarios

4. UE Rx-Tx measurement over multiple serving cells
5. Granularity of RSTD reporting
2.1 PRS diversity

Based on the simulation evaluation and analysis, the conclusion from interested companies were:

Under the given simulation assumptions and channel models, some TX Diversity schemes can achieve about 1 – 2Ts improvement, if the UE processes the PRS occasions accordingly. E.g., processes nonconsecutive occasions and does not treat each occasion equally for estimating a final TOA to calculate the RSTD. Otherwise, it is possible that TX diversity performs worse compared to no diversity. Processing PRS occasions accordingly require at the UE the knowledge that TX diversity for PRS is being used at the eNodeB. If this is not the case, the PRS should not be transmitted from more than a single antenna. 
The results also show that the performance improvement with TX Diversity depends on the channel model so without channel information at the TX side it may not be possible to obtain any performance gains.
RAN1/2/4 might be impacted by applying these solutions from the RAN4 positioning enhancement SI.
2.2 OTDOA enhancement in Het-net scenarios

OTDOA is based on RSTD measurements which in turn are based on PRS signals transmitted in low-interference positioning subframes. An advantage that the RRH scenario brings is the possibility to receive signals from more locations within the same cell and thereby possibly improve the OTDOA performance. A potential challenge though is that when multiple non-collocated RRHs of the same macro cell are using the same PRS sequence, it is not straightforward how the UE may distinguish between the PRSs transmitted from different RRHs to benefit from the RRH site diversity.
Two kinds of enhancements were identified as possible solutions for next phase: (1)Time–domain separation of transmissions from different TPs in the same shared cell; (2) TP-specific signal sequences. More detailed analysis on the solutions from interested companies can be found in TR36.855.

RAN1/2/3/4 might be impacted by applying these solutions from the RAN4 positioning enhancement SI.
2.3 ECID enhancement in Het-net scenarios

For E-CID positioning, CRS is used for the DL component of the UE Rx-Tx time difference measurement and CRS sequence is also derived from PCI, for the UL component, SRS are used. Similar to OTDOA enhancement, since the CRS from different RRHs with identical PCI are same, UE cannot distinguish the source of CRS for Rx-Tx time difference. Four main enhancements were identified after this SI: (1) Network solution based on the UL component, (2) Using CRS muting to differentiate among TPs; (3) Using CSI-RSRP measurements to determine the TP transmitting CRS used for the UE Rx-Tx ; (4) Using CSI-RS for UE Rx-Tx. More detailed analysis on the solutions from interested companies can be found in TR36.855.

RAN1/2/3/4 might be impacted by applying these solutions from the RAN4 positioning enhancement SI.
2.4 UE Rx-Tx measurement over multiple serving cells

The multiple cell UE Rx-Tx measurement could be applied in the case of multiple serving cells in CA, i.e., when the serving cells are on different carrier frequencies, where the multiple serving cells are non-collocated and this includes also dual connectivity scenario. Based on analysis in RAN4 SI, it was concluded that: benefits for E-CID positioning performance have been observed when the UE Rx-Tx time difference measurement is performed on multiple serving cells in CA, i.e., with the serving cells are on different carrier frequencies, with cells being co-located or non-collocated. More detailed analysis on the solutions from interested companies can be found in TR36.855.

RAN2/3/4 might be impacted by applying these solutions from the RAN4 positioning enhancement SI.
2.5 Granularity enhancement of RSTD reporting

Based on the conclusion in RAN4 SI discussion, simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial. In RAN4 #73 meeting, a LS [3] was discussed but no consensus was achieved. In R13 the enhanced granularity could be introduced for RSTD measurement reporting. 

RAN 2/4 might be impacted by applying these solutions from the RAN4 positioning enhancement SI.
3 Way forward on RAN4 positioning enhancement study item
Based on the analysis and summary above, the way forward on RAN4 positioning enhancement study item is proposed as,

· Propose to establish a WI on positioning enhancement based on the conclusion of RAN4 positioning enhancement SI

· Time line: establish WI in RAN #67 plenary  

· Leading group: either RAN2 or RAN4
· Scope of WI: PRS diversity, OTDOA enhancement in Het-net scenarios, ECID enhancement in Het-net scenarios, UE Rx-Tx measurement over multiple serving cells, Granularity enhancement of RSTD reporting
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