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1 Introduction

In RAN#69, a new work item was approved for indoor positioning for Indoor Positioning enhancements for UTRA and LTE [1]. For RAN1#82bis, the objective is to “Finalize the list of OTDOA and E-CID enhancements” according to the WID.
In this contribution, we discuss the enhancements to prioritize for improving the positioning performance of the E-CID method.
2 Prioritized Enhancements for E-CID
2.1 Enhancements on UE Rx - Tx time difference Reporting

In current specification, E-SMLC can initiate an E-CID positioning via LPP with an ECID-RequestLocationInformation request message [2]. The UE, depending on its capabilities, reports the serving cell ID, RSRPs (reference signals received powers), RSRQs (reference signals received qualities) and the serving cell’s Rx-Tx time differences using the ECID-ProvideLocationInformation. The eNB may also report extra information such as angle of arrival to the E-SMLC. Based on this information and the knowledge of the cells positions the E-SMLC estimates the position of the UE.

In current specification, as shown in Table 1, the reporting range of UE Rx - Tx time difference is defined from 0 to 20472Ts with 2Ts resolution for UE Rx - Tx time difference less than 4096Ts and 8Ts for UE Rx - Tx time difference equal to or greater than 4096Ts. 
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx ( 2
	Ts

	RX-TX_TIME_DIFFERENCE_0001
	2 ( TUE Rx-Tx < 4
	Ts

	RX-TX_TIME_DIFFERENCE_0002
	4 ( TUE Rx-Tx < 6
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_2046
	4092 ( TUE Rx-Tx < 4094
	Ts

	RX-TX_TIME_DIFFERENCE_2047
	4094 ( TUE Rx-Tx < 4096
	Ts

	RX-TX_TIME_DIFFERENCE_2048
	4096 ( TUE Rx-Tx < 4104
	Ts

	RX-TX_TIME_DIFFERENCE_2049
	4104 ( TUE Rx-Tx < 4112
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_4093
	20456 ( TUE Rx-Tx < 20464
	Ts

	RX-TX_TIME_DIFFERENCE_4094
	20464 ( TUE Rx-Tx < 20472
	Ts

	RX-TX_TIME_DIFFERENCE_4095
	20472 ( TUE Rx-Tx
	Ts


Table 1. Existing UE Rx - Tx time difference measurement report mapping [3]
In [5], the UE Rx – Tx time difference measurement accuracy has been improved by defining two new accuracy levels: (a) (14 Ts for DL bandwidth ( 3 MHz; and (b)  (7 Ts for DL bandwidth ( 10 MHz. To fully leverage the improved measurement accuracy for indoor positioning, it is useful to correspondingly improve UE Rx - Tx time difference measurement report mapping.
Instead of being limited by the highest reporting resolution of 2Ts, the Rx-Tx time difference measurement mapping can be enhanced with higher reporting resolution of 1 Ts. This is shown in Table 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx ( 1
	Ts

	RX-TX_TIME_DIFFERENCE_0001
	1 ( TUE Rx-Tx < 2
	Ts

	RX-TX_TIME_DIFFERENCE_0002
	2 ( TUE Rx-Tx < 3
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_2046
	2046 ( TUE Rx-Tx < 2047
	Ts

	RX-TX_TIME_DIFFERENCE_2047
	2047 ( TUE Rx-Tx < 2048
	Ts

	RX-TX_TIME_DIFFERENCE_2048
	2048 ( TUE Rx-Tx < 2052
	Ts

	RX-TX_TIME_DIFFERENCE_2049
	2052 ( TUE Rx-Tx < 2056
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_4093
	10228 ( TUE Rx-Tx < 10232
	Ts

	RX-TX_TIME_DIFFERENCE_4094
	10232 ( TUE Rx-Tx < 10236
	Ts

	RX-TX_TIME_DIFFERENCE_4095
	10236 ( TUE Rx-Tx
	Ts


Table 2. Enhanced UE Rx - Tx time difference measurement report mapping [3]
Furthermore, by introducing an adaptive measurement reporting, the UE can adapt the UE Rx–Tx time difference report mapping by selecting one out of the pre-defined mappings based on the E-CID configuration parameters. The E-CID configuration parameters that may impact the adaptation of the E-CID measurement report mapping include: 

(a) CRS bandwidth of the serving cell on which measurement is done;

(b) SRS bandwidth of signals transmitted by the ÚE;

(c) Measured RSRP and RSRQ results.
Thus the UE could adaptively use the UE Rx - Tx time difference mapping table based on the OTDOA configuration parameters. The adaptation is in selecting which mapping table to use: the legacy mapping table (i.e., Table 1 above), or the new higher-resolution table (e.g., Table 2 above). The UE can be configured to use the legacy mapping table for reporting measurement to E-SMLC when the UE is under macro-cell coverage only. In contrast, the UE can be configured to use the new mapping table when the UE is under small cell coverage, where the value range is smaller and finer resolution is easier to achieve. The adaption is particularly useful for indoor positioning since higher positioning accuracy is required by regulatory body for indoor emergency calls.
Proposal 1: UE Rx - Tx time difference measurement report is enhanced by adopting an enhanced mapping table of finer granularity.

Proposal 2. UE Rx - Tx time difference measurement report mapping is adapted based on E-CID configuration parameters. 

2.2 Enhancements for the same PCI case
A possible solution, available for E-CID since Rel-11, is to use the cell portion concept. For the non-co-located transmission points (e.g. Remote Radio Heads, RRHs), the cell portion ID can be unique identifiers assigned to each transmission point.  The E-SMLC receives the measurement report from the eNB including the cell portion ID, and can use it to discriminate among the transmission points. This has no impact on RAN1 specification.
Proposal 3: For E-CID the “same PCI” issue can be solved since Rel-11 by using cell portions without RAN1 impact; no additional solutions are needed.
3 Conclusions
In this contribution we discussed enhancements to prioritize for E-CID. We have the following proposals:

Proposal 1: UE Rx - Tx time difference measurement report is enhanced by adopting an enhanced mapping table of finer granularity.

Proposal 2. UE Rx - Tx time difference measurement report mapping is adapted based on E-CID configuration parameters. 

Proposal 3: For E-CID the “same PCI” issue can be solved since Rel-11 by using cell portions without RAN1 impact; no additional solutions are needed.
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