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1 Introduction

UE Rx-Tx time difference measurement is a timing measurement used for E-CID (E-CID is a basic positioning method, which will be particularly important in heterogeneous deployments with small and mixed cell sizes). Failure to perform this measurement or providing inaccurate measurements will degrade positioning performance and in the worst case may lead to E-CID positioning failure.

UE Rx-Tx measurement is performed on the serving/primary cell and involves measurements on CRS signals and is thus subject to the same problems with aggressor interference as RLM and RRM measurements. In Rel-10, eICIC measurement patterns can be used to ensure the quality of the serving cell measurements. UE Rx-Tx requirements were specified for Rel-9. However, the following issues prevent using eICIC techniques for UE Rx-Tx in Rel-10 to maintain the quality of this measurement:
· It is unclear in TS 36.331 whether the UE can use the serving-cell restricted measurement pattern for UE Rx-Tx measurements,
· No requirements are specified for UE Rx-Tx with restricted measurement paterns.
Thus, to enable reliable UE Rx-Tx time difference measurements with eICIC, the following is necessary:

· To clarify in RAN2 (TS 36.331) that the serving cell measurement resource restriction may also apply for UE-Rx-Tx time measurements.
· To specify UE Rx-Tx time difference measurement and accuracy requirements with eICIC.

The issue has been brought up several times in the last RAN4 meetings (e.g., in [1]-[4]) and has also been discussed in RAN2 (e.g., in [5]). It has been proposed by some companies in RAN2 that prior to clarifying the UE Rx-Tx time difference measurement applicability to eICIC, RAN4 provides feedback on feasibility of using the serving-cell restricted measurement pattern for UE Rx-Tx.
The current contribution clarifies the existing requirements, provides a background on the simulation results for Rel-9 requirements, and proposes a way forward.
2 UE Rx-Tx requirements without eICIC
Since Rel-9, the following UE Rx-Tx requirements are specified for FDD and TDD:

· UE Rx-Tx time difference measurement requirements (TS 36.133, Section 8.1.2.7),
· UE Rx-Tx time difference accuracy requirements (TS 36.133, Section 9.1.9).

The requirements, however, assume that the UE is not restricted to certain subframes when performing measurements.
The following problems may occur with the current requirements:
· If the measurement pattern is not used for UE Rx-Tx: High interference levels and high interference variation across measured subframes,
· If the measurement pattern is used for UE Rx-Tx: Either the current measurement requirements or accuracy requirements are not met.
UE Rx-Tx measurement requirements are similar to measurement requirements specified for RSRP/RSRQ. For eICIC, it has been therefore proposed to use the existing UE Rx-Tx accuracy requirements and reuse the RSRP/RSRQ measurement requirements also for eICIC, i.e.,

· 200 ms measurement period for non-DRX and DRX cycles of up to 40 ms,

· 7 and 5 DRX cycles for DRX cycles of up to 160 ms and 2.56 s, respectively.
3 Previous results without eICIC
For Rel-9, link simulation results for investigating the UE Rx-Tx time difference measurement requirements have been provided, e.g., in [6,7] based on the simulation assumptions in [8], which are also shown in Annex.
In [6], simulation results are provided for different channels and different set of parameters to evaluate the accuracy of UE Rx-Tx time difference measurements. Based on the results it was proposed that the accuracy requirements are specified down to Ês/Iot = -3 dB.

In [7], the presented additional results are for Ês/Iot down to -6 dB. It has also been noted that in FDD frequency bands with smaller duplex gap, the reference sensitivity is about 3 dB higher than those with larger duplex gap, e.g., reference sensitivity of band 5 is 3 dB higher than that of band 1 [9].
It is also noted that the results in [6,7] do not account for all UE implementation imperfections.
Based on the reasuls in [6,7] and also the results from other companies, it has been agreed to specify the accuracy requirements down to Ês/Iot = -3 dB, while the UE Rx-Tx time difference measurement accuracy at Es/Iot = -6 dB is to be considered for deriving the requirements.
4 Restricted Measurement Impact Evaluation and Simulation Assumptions
It has been mentioned in Section 2 that the measurement requirements for UE Rx-Tx are similar to RSRP/RSRQ, so it would be natural to reuse the eICIC RSRP/RSRQ measurement requirements also for UE Rx-Tx.
However, if RAN4 agrees to verify the impact of restricted measurements on UE Rx-Tx accuracy requirements, the Rel-9 simulation assumptions may be reused for the minimum necessary subset of parameter combinations, while adding the necessary details to reflect eICIC scenarios as, e.g., shown in Table 1 below. Further, it is proposed to evaluate relative performance degradation with respect to Rel-9.
Table 1: Simulation parameters for UE Rx–Tx time difference measurement accuracy with eICIC
	Parameters
	Value
	Comments

	Measurement bandwidth
	1.4MHz, 10MHz
	

	System bandwidth
	6RB, 50RB
	2 cases

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	5 or 10 samples per L1 period
	Samples are equally spaced in time over L1 measurement period; 1 sample = 1 ms (coherent averaging)

	Number of Tx Antennas
	1
	

	Number of Rx Antennas
	2
	Both antennas with equal gain, no correlation between them

	Duplex mode
	FDD
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU70
	2 cases

	Frequency 
	2.0 GHz 
	

	Interference from cells not simulated [Noc]
	-
	AWGN

	Restricted measurement pattern
	1/8
	Blanking rate 1/8

	ABS subframe
	1/8
	Blanking rate 1/8, non-MBSFN ABS

	Serving cell SNR
	-3 dB
	Noc may be varied to achieve the desired CRS Ês/Iot

	CRS Ês/Iot in the data region
	-7.5 dB, -6 dB,
	Results for selected Ês/Iot levels


5 Way Forward
The following way forward is proposed:
· Discuss and decide on one of the options below:

· Decide UE Rx-Tx accuracy requirements based on the evaluation of the impact of restricted measurements on the UE Rx-Tx accuracy requirements, or 

· Use Rel-9 UE Rx-Tx accuracy requirements and extend the measurement period, similar to RSRP/RSRQ measurement requirements.
· If the evaluations are found necessary, 
· Agree on simulation assumptions (e.g., in Table 1).
· Provide simulation results in RAN4 #61
· Send an LS to RAN2 conforming that using the serving-cell restricted measurement pattern is necessary for UE Rx-Tx in eICIC scenarios
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Annex

The measurement error is the difference between the estimated UE Rx-Tx time difference and the true UE Rx-Tx time difference. The true Rx-Tx time difference is based on the assumption that UE has perfect knowledge of base station timing. The estimated UE Rx-Tx time difference takes into account the error due to channel estimation, which affects the detection of the first path. The first path is detected if it is above a certain threshold, which is implementation specific. Simulation parameters are further summarized in Table A.1.
Table A.1: Simulation parameters for UE Rx–Tx time difference measurement accuracy
	Parameters
	Value
	Comments

	Measurement bandwidth
	1.4MHz, 10MHz, 20MHz
	

	System bandwidth
	6RB, 50RB, 100 RB
	3 cases

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	5 or 10 samples per L1 period
	Two cases are simulated. Samples are equally spaced in time over L1 measurement period; 1 sample = 1 ms (coherent averaging)

	Number of Tx Antennas
	1
	

	Number of Rx Antennas
	2
	Both antennas with equal gain, no correlation between them

	Duplex mode
	FDD 
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU70
	2 cases

	Frequency 
	2.0 GHz 
	

	Interference from cells not simulated [Noc]
	-
	AWGN

	Geometry factor: Ês/Iot
	-6, -3dB, 0dB, +3dB, +6dB
	Results for selected Ês/Iot levels


