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1
Introduction
In RAN#69, a new WI was approved for indoor positioning enhancements for UTRA and LTE [1]. The WI proposal was based on the recently completed positioning enhancement SIs [2, 3]. In addition to commercial applications, one of the main motivations for positioning enhancements is to meet the US FCC Enhanced 911 requirements, especially in-building positioning [3]. 

As indicated in [1], the new WI will proceed from the conclusions achieved during the SIs as captured in TR 37.857 and TR36.855, consisting of the following: 

1) For RAT-dependent positioning enhancements, namely OTDOA enhancements and E-CID enhancements, define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]. The work includes the following but not limited to:

a) Sort out the options for OTDOA/E-CID enhancements for Work Item [RAN1]

2) For RAT-independent positioning enhancements, namely Wi-Fi (RSSI and FTM based)/BT based positioning, Barometric Pressure Sensor positioning and Terrestrial Beacon Systems (PRS Beacon and Metropolitan Beacon Systems) define core requirements and corresponding procedures/signalling [RAN2, RAN3, RAN4]. For TBS, co-existence, co-location and co-siting requirements will be addressed [RAN4]. The works include the following but not limited to:

a) Define LPP signalling changes necessary to support positioning enhancements. For Wi-Fi/BT based positioning, and Barometric Pressure Sensor Positioning, as a starting point, the IEs defined in LPPe will be leveraged.   [RAN2]

b) Standalone (autonomous) and UE-assisted positioning modes (without network assistance) are prioritized over UE-based positioning mode. [RAN2] 

Note:  For the addition of Terrestrial Beacons, Bluetooth, Wi-Fi and Barometric Pressure, a CR to CT4 TS 29.171 will be needed for these new positioning methods. Once this RAN WI is approved it should be checked with CT whether this CR can be done via a RAN request by LS or whether a separate CT4 WI is preferred.
In the WI proposal, it has listed the effected existing specifications [1], which includes the existing specifications of TS 36.133, TS 36.171, TS 25.172, where RAN4 RRM requirements for positioning are defined. As indicated in WI objectives, RAN1 is responsible for sorting out the options for OTDOA/E-CID enhancements for Work Item. In this contribution, we provide an initial discussion on the potential impact on TS36.133 specification for potential OTDOA/E-CID enhancements.
2
Impact on TS 36.133
TS 36.133 defines the performance requirements associated with RAT-dependent positioning methods, including RSTD measurements for OTDOA and UE Rx-Tx time difference measurements for E-CID. In this section, we will discuss in high-level the impact on TS 36.133 based on the options for OTDOA/E-CID enhancements listed in [2, 3]. 

During the SIs, a number of options were proposed for OTDOA/E-CID enhancements. According to the WI proposal, RAN1 is responsible for sorting out the options for OTDOA/E-CID enhancements for the Work Item. While at this moment, it is unclear which options will be adopted by RAN1 for this WI, it is worthy to review the options proposed by the SIs.

For OTDOA enhancements, the proposals for PRS enhancements include:  
· Randomization of frequency shift

· Subframe-based variation of frequency shift
· PRS muting pattern enhancements
· PRS enhancements for the same PCI case

· PRS sequence depends on {physical cell ID + RRH/TX point ID};
· PRS sequence depends on a separate identification number independently from physical cell identification

· Separate the PRS from each TP in time or frequency domain. 
· Positioning Reference Signals (PRS) in unlicensed bands
· Dynamic PRS configuration adaptation

· CRS together with PRS for RSTD measurements
For Enhanced RSTD measurements
, it was proposed that 
· UE inter-frequency RSTD calibration accuracy reporting
· Reference cell selection improvements
· PRS interference cancellation (IC) techniques

· Enhanced RSTD reporting

· Enhanced RSTD quantization and additional signalling support

· Reduction of RSTD quantization error

· Enhanced RSTD measurement quality report

· Enhancements for wideband PRS
For E-CID enhancements, it was proposed to 
· Network solution based on the UL component
· Using CRS muting to differentiate among TPs
· Using CSI-RSRP measurements to determine the TP transmitting CRS used for the UE Rx-Tx
· Using CSI-RS for UE Rx-Tx
· Enhancement for UE Rx-Tx measurement over multiple serving cells

Depending on the options of OTDOA/RSTD enhancements the RAN1 finally selects, the RRM requirements associated with RSTD in TS 36.133 will most likely be impacted. Similarly, if E-CID enhancements are agreed, UE Rx-Tx time difference measurements may also be impacted.

In Table 2-1, we list the potential impacts on TS 36.133.
Table 2-1 Potential impact on TS 36.133 due to OTDOA/E-CID Enhancements
	Section
	RRM Requirement
	Description
	Potential Impact

	7.10
	Interruptions with RSTD Measurements with Carrier Aggregation
	Define the interruptions with RSTD measurements with CA according to the PRS periodicity.
	The requirement defined in this section should still apply unless the PRS periodicity is changed from a configured constant parameter to a dynamic parameter.

	8.1.2.5

	E-UTRAN OTDOA Intra-Frequency RSTD Measurements
	Define intra-frequency RSTD measurement delays based on PRS configuration and PRS Es/Iot.
	The basic conditions specified in this section for RSTD measurement delay should be used. Some clarification may be needed if new PRS enhancements are adapted.

	8.1.2.6

	E-UTRAN Inter-Frequency OTDOA Measurements
	Define inter-frequency RSTD measurement delays based on PRS configuration and PRS Es/Iot.
	The basic conditions specified in this section for RSTD measurement delay should be used. Some clarification may be needed if new PRS enhancements are adapted

	8.1.2.7

	E-UTRAN E-CID Measurements
	Define UE Rx-Tx time difference measurement delays according to the DRX cycle lengths
	The requirements in this section could be impacted with E-CID enhancement, such as CRS muting to differentiate among TPs, and UE Rx-Tx time difference measurements from multiple cells. More investigation is needed once RAN1 determines the E-CID enhancement.

	8.1.2.9

	E-UTRAN E-CID Measurements when Time Domain Measurement Resource Restriction Pattern is Configured
	Define UE Rx-Tx time difference measurement delays for eICIC
	The requirements in this section could be impacted with E-CID enhancement, such as CRS muting to differentiate among TPs, and UE Rx-Tx time difference measurements from multiple cells. More investigation is needed once RAN1 determines the E-CID enhancement.

	8.2
	Capabilities for Support of Event Triggering and Reporting Criteria
	Reporting criteria for intra/inter-frequency RSTD as well as intra-frequency RSRP and RSRQ measurements for E-CID
	The reporting criteria for intra/inter-frequency RSTD as well as intra-frequency RSRP and RSRQ measurements for E-CID should still apply

	8.4
	OTDOA RSTD Measurements for E-UTRAN carrier aggregation
	Define RSTD measurement delays for CA
	The basic conditions specified in this section for RSTD measurement delay should be used. Some clarification may be needed if new PRS enhancements are adapted

	9.1.9
	UE Rx – Tx time difference
	Define UE Rx – Tx time difference measurement accuracy
	UE Rx – Tx time difference measurement accuracy is defined based on CRS Ês/Iot, and DL Tx bandwidth of PCell. It is expected the accuracy requirements should apply for E-CID enhancements, although some clarification may be needed, e.g., for UE Rx-Tx time difference measurements from multiple cells.

	9.1.10
	Reference Signal Time Difference (RSTD)
	Define RSTD measurement accuracy
	RSTD measurement accuracy is defined based on PRS Ês/Iot, and PRS Tx bandwidth. It is expected the accuracy requirements should apply for RSTD enhancements, although some changes may be needed, e.g., if RSTD report quantization is changed.

	9.1.12
	Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation
	Define RSTD measurement accuracy for CA
	CA RSTD measurement accuracy is defined, referring to RSTD measurement accuracy defined Section 9.1.10. Thus,  it is expected the accuracy requirements for CA defined in the section should still apply for RSTD enhancements.

	Test cases
	Test Cases for RSTD and UE Rx – Tx time difference measurements
	Define the test cases for RSTD and UE Rx – Tx time difference measurement delay and accuracy
	New test cases may need to be introduced for the enhancements introduced for RSTD and UE Rx – Tx time difference measurements, e.g., with new PRS configurations.


3
Conclusion
In this contribution, we provided a preliminary analysis on the impact on TS 36.133 for the new WI for the RAT-dependent Positioning Enhancements. At the time when this paper is written, RAN1 is still working on the options for OTDOA/E-CID enhancements for this Work Item. More detailed analysis will be needed once RAN1 decides the options for the enhancements.
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