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1 Introduction

In RAN #60 meeting, a new Study Item “Positioning enhancements for E-UTRA” was approved. The objective of the SI 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.

In this paper we give the overview and scenarios for this study. The work plan for this study item is also proposed.
2 Background and scenarios
2.1 Larger available bandwidths
Currently the most stringent RSTD measurement requirements are defined assuming the PRS transmission bandwidth is 10MHz. The performance requirements of 15/20MHz are same as 10MHz as shown in Table 1.
Table 1: Legacy RSTD measurement accuracy
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS
bandwidth, which is minimum of serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell i Note 6
	Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i
	Io Note 9 range

	
	
	
	
	E-UTRA operating bands
	Minimum
Io Note 1
	Maximum
Io

	Ts Note 2
	dB
	RB
	
	
	dBm/15kHz Note 8
	dBm/BWChannel

	(15
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	≥ 6
	6
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	
	28
	-119.5
	-50

	
	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	
	26
	-118.5 Note 4
	-50

	
	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 7
	-118
	-50

	
	
	
	
	25
	-117.5
	-50

	(6
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 25
	≥ 2
	Note 5
	Note 5
	Note 5

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50
	≥ 1
	Note 5
	Note 5
	Note 5

	NOTE 1:
This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211 [16].

NOTE 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].

NOTE 4:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 5:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.
NOTE 6:
The serving cell, the reference cell, and the measured neighbour cell i are on the same carrier frequency.

NOTE 7:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 8:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.
NOTE 9:
The Io is defined in PRS positioning subframes. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same subframe.


In principle UE can have opportunities to improve the measurement accuracy when PRS transmission bandwidth is increased from 10MHz to 15MHz or 20MHz. How much gain can be achieved depends on the link level simulation and implementation margin. 
Similarly regarding the E-CID case currently the most stringent UE Rx-Tx time difference measurement requirements are defined assuming the CRS transmission bandwidth is 5MHz. The performance requirements of 10/15/20MHz are same as 5MHz as shown in Table 2. These requirements can be further improved in R12 considering more measurement samples can be obtained in frequency domain.
Table 2: Legacy UE Rx – Tx time difference measurement accuracy
	Accuracy
	Conditions

	
	Ês/Iot
	Downlink bandwidth
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	Ts Note 2
	dB
	MHz
	
	dBm/15kHz Note 6
	dBm/BWChannel

	(20
	(-3 dB
	≤ 3 MHz
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 3
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	25
	-117.5
	-50

	(10
	(-3 dB
	≥ 5 MHz
	Note 4
	Note 4
	Note 4

	NOTE 1:
When in dBm/15kHz, the minimum Io condition is expressed as the average Io per RE over all REs in that symbol. Io may be different in different symbols within a subframe.
NOTE 2:
Ts is the basic timing unit defined in TS 36.211.

NOTE 3:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with downlink bandwidth ≤ 3 MHz.
NOTE 5:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.
NOTE 6:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


Proposal1: It is proposed to start link level simulation campaign to evaluate the measurement accuracy performance for RSTD and UE Rx-Tx time difference in larger bandwidth scenarios.
2.2 Smaller available bandwidths
In this scenario For legacy RSTD measurements the performance requirements specified for 1.4/3MHz PRS bandwidth are ±15Ts which corresponds to measurement accuracy error is about ±150m as shown in Table 1. This cannot fulfill the positioning requirements, e.g. typically the requirements are 50m@67% 150m@95%. It is proposed to consider enhancing the requirements. It should be noted that this will not significantly increase the UE implementation complexity. In Fig.1, the positioning accuracy performance when PRS bandwidth is 1.4MHz is shown. It can be observed that the performance cannot fulfil the typical positioning requirements.
Similar for E-CID case the performance requirements specified in R9 for 1.4/3MHz CRS bandwidth [±20Ts] cannot fulfill the positioning requirements. It is also proposed to consider enhancing the requirements. Actually this will not significantly increase the UE implementation complexity.
[image: image1.wmf]
Fig.2.Positioning accuracy performance for 1.4MHz
Proposal 2: It is proposed to re-evaluate the RSTD and UE Rx-Tx time difference accuracy requirements in smaller bandwidth scenarios.
2.3 Possible use of downlink Tx diversity.
Currently RSTD measurement related tests are defined assuming single Tx antenna. Practical network might have Tx diversity on antenna port 6 which is used for RSTD measurements. On one hand if Tx diversity is employed there may be some hearablity gain and it may help to get more positioning cells to improve the positioning accuracy. But whether there is some gain or not need more study. On the other hand if an additional port is introduced UE may need some indications from network for the reception of PRS on two antenna ports. If no additional port is introduced, the diversity scheme is transparent to UE. So in our understanding only the scheme of additional port for PRS will have more impacts on the standardization and implementation. Thus RAN4 should evaluate the performance gain based on link level simulation and discuss the possible enhancement on downlink Tx diversity and evaluate the need on PRS Tx diversity.
Proposal 3: It is proposed to first evaluate the need (i.e. justified by the performance gain) when Tx diversity is utilized on antenna port 6. 

2.4 Deployment of RRHs with identical cell IDs for OTDOA and E-CID based on UE Rx-Tx time difference measurement.
One of heterogeneous network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell is illustrated in Figure 1. Another deployment scenario is that a large number of RRH are deployed in e.g., business center or big shopping mall where same PCI is used. 
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Fig.1 RRH deployment with same PCI
When RRH(s) are deployed with same physical cell identity(PCI), the positioning performance will degrade due to the lack of RRH accurate location information in e-SMLC and the UE does not know where the corresponding positioning reference signal it receives comes from. For OTDOA, after RSTD measurement results were reported the e-SMLC would be not capable to perform correct UE geographic location calculation if it is not sure which reference access points shall be taken into account. Similarly, if RRHs have the same PCI as macro cell UE also cannot know which cell it performs the UE Rx-Tx time difference measurement on.
Proposal 4: It is proposed to evaluate the RSTD and UE Rx-Tx time difference accuracy requirements in this scenario.

2.5 E-CID enhancement in CA scenarios 

In case of carrier aggregation, the UE need perform multiple UE Rx-Tx time difference measurement on the serving cells. Currently only the UE Rx-Tx time difference on PCell is specified. When multiple TAs are utilized, how to perform UE Rx-Tx time difference measurement and reporting on SCells need to be studied.
3 Work plan

· RAN4 #68 (19 - 23 Aug 2013): 

· Agreement on scenarios and simulation assumptions for system level and link level simulations
· RAN4 #68bis (7 - 11 Oct 2013): 

· Review and discussion on system level simulation results in HetNet Scenario
· Review and discussion on link level simulation results for larger and smaller bandwidth
· Review and discussion on link level simulation results for PRS Tx diversity
· Approval of TP on deployment scenario 
· Approval of TP on simulation assumptions
· RAN4 #69 (11 - 15 Nov 2013): 

· Alignment of final system simulation results in HetNet scenario
· Alignment of final link simulation results for larger and smaller bandwidth
· Alignment of final link level simulation results for PRS Tx diversity
· RAN4 #70 (10 - 14 Feb 2014): 

· Initial discussion on possible enhancement for HetNet scenario
· Initial discussion on possible enhancement for larger and smaller bandwidth
· Initial discussion on possible enhancement for PRS Tx diversity
· RAN4 #70bis (31 Mar - 4 Apr 2014): 

· Discussion on possible enhancement for HetNet scenario
· Discussion on possible enhancement for larger and smaller bandwidth
· Discussion on possible enhancement for PRS Tx diversity
· RAN4 #71 (19 - 23 May 2014): 

· Approval of TPs on possible enhancement for HetNet scenario
· Approval of TPs on possible enhancement for arger and smaller bandwidth
· Final conclusion of the positioning enhancement
4 Conclusion

In this paper we give the overview and scenarios for this study on positioning enhancement. Based on the discussion, it is proposed that:

Proposal1: It is proposed to start link level simulation campaign to evaluate the measurement accuracy performance for RSTD and UE Rx-Tx time difference in larger bandwidth scenarios.
Proposal 2: It is proposed to re-evaluate the RSTD and UE Rx-Tx time difference accuracy requirements in smaller bandwidth scenarios.

Proposal 3: It is proposed to first evaluate the need (i.e. justified by the performance gain) when Tx diversity is utilized on antenna port 6. 

Proposal 4: It is proposed to evaluate the RSTD and UE Rx-Tx time difference accuracy requirements in this scenario.

Proposal 4: It is proposed to approve the work plan for the SI.
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