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1 Introduction

In several last meetings, RAN4 has discussed whether UE Rx-Tx time difference measurements shall be performed in restricted subframes or not in eICIC scenarios [1-3]. According to TS 36.331, the serving-cell time-domain measurement resource restriction pattern can be configured for RLM and RRM measurements with eICIC. However, it is not currently configured for UE Rx-Tx time difference measurement, although this measurement has to overcome high interference levels similar to RLM and RRM measurements. 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.
The following has been agreed in the previous RAN4 meeting on the UE Rx-Tx time difference measurement issue:

· Reuse Rel-9 simulation assumptions. If the WG agrees that siginificant performance difference is observed with and without restriction, new requirements could be considered (LS to RAN2 on measurement restriction) in March meeting.

In this contribution, we clarify Rel-9 assumptions and present simulation results which indicate the need for configuring time-domain measurement restriction pattern for UE Rx-Tx time difference measurement. Based on the results, a Way Forward is proposed in [5].
2 Simulation Results and Assumptions
2.1 Rel-9 assumptions

In Rel-9, when deriving UE Rx-Tx time difference requirements the impact of transmitter noise into the receiver for FDD bands with smaller duplex was taken into account (see, e.g., [4]). Thus the UE Rx-Tx time difference measurement accuracy at Es/Iot = -6 dB was considered for deriving the requirements, whilst the side condition was set at -3 dB, i.e., 3 dB margin was added.
2.2 Simulation assumptions for Rel-10

In this contribution, the Rel-9 approach is followed, as was agreed in the last meeting. In Table 1, we list the parameters have been considered for studying the UE Rx-Tx time difference measurement accuracy with eICIC. 
Table 1. Simulation parameters for UE Rx - Tx time difference measurement accuracy in eICIC [1]
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB
	

	L1 measurement period
	200 ms
	

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

	L3 filtering
	Disabled
	

	Number of transmit antennas
	1
	

	Number of  receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN
	

	CP Length
	Normal
	

	Frequency 
	2.0GHz 
	

	Restricted measurement subframe pattern
	1 subframe per frame
	

	Transmission in Aggressor cell
	ABS subframe
	No load
	No transmission in control (PCFICH/PDCCH/PHICH) and data resource elements (RE)

	
	Normal subframe
	Full load
	Full load in control (PCFICH/PDCCH/PHICH) and data RE

	Serving cell: Ês/Noc (Note 1)
	a) -3 dB (not aligned with Rel-9 appraoch!);

b) -6 dB and -7 dB Note 1 with aggressor cel interference
c) -6 dB in Rel-9 scenario (reference)
	Candidate values for studies. (Rel-9 approach is described e.g. in [4])

	Aggressor cell: Ês/Noc
	5 dB
	Based on [7], 5 dB is assumed for CRS based measurements.

	Note 1: In order to perform UE Rx-Tx time difference measurement, the UE always transmits uplink signals (e.g. SRS). In FDD this causes noise into UE own receiver degrading the measurement accuracy of downlink measured signal (i.e. CRS). Therefore the serving cell Ês/Noc is 3 dB lower than the Ês/Noc level at which the UE Rx-Tx time difference measurement requirements are to be defined. The 3 dB margin accounts for the UE transmitter noise pouring into the UE’s own receiver in FDD frequency bands with smaller duplex [4].
Note 2: Noc includes the interference from cells not simulated


The results are shown in Figures 1 and 2, where as a performance metric we show UE Rx-Tx measurement error, i.e., estimated UE Rx-Tx – ideal UE Rx-Tx. Note, however, that the shown error includes only DL. No implementation margin was included. 
In the simulations, there is one measuring cell (i.e. cell to be measured) and one aggressor cell. The following cases scenarios have been studied: 
a) Serving cell SNR0 = -3 dB; Aggressor cell SNR1 = 5 dB

· Serving cell CRS SINR is -9.2 dB
· Not aligned with Rel-9 assumptions!

b) Serving cell SNR0 = -6 dB; Aggressor cell SNR1 = 5 dB

· Serving cell CRS SINR in non-MBSFN case

· Restricted subframe: -6 dB 

· Normal subframe: -12.2 dB
Serving cell SNR0 = -7 dB; Aggressor cell SNR1 = 5 dB

· Serving cell CRS SINR in non-MBSFN case

· Restricted subframe:  -7 dB 

· Normal subframe: -13.2 dB
c) Reference case: Serving cell SNR0 = -6 dB, no aggressor cell interference. It is emphasized also that although the accuracy UE Rx-Tx requirements in 36.133 are specified down to -3 dB, it has been agreed that the results used to derive the requirements should be taken for -6 dB to account for FDD frequency bands with smaller duplex gap [4].

2.3 Simulation results

The SNR levels SNR0 = -7 dB has been studied (Figure 1) since the eICIC requirements, e.g., RLM and RRM performance requirements, have been defined for the measured cell at -4 dB to which, following the agreements and the methodology used in Rel-9, we also add a margin of -3 dB to account for the UE transmitter noise issue.

The SNR levels SNR0 = -6 dB has been also studied (Figure 2) since the current UE Rx-Tx requirements are specified for -3 dB, i.e., -6 dB with the margin added. This is scenario is important for ensuring that the existing requirements can be met. The results in Figure 2 show that the accuracy results with restricted measurement pattern are similar to those based on which the current requirements were derived. A significant degradation compared to the reference case is observed with using the restricted measurement pattern.
In Figure 2, we also show results for 0 dB margin, which is not aligned with Rel-9 methodlogy and not aligned with the last meeting agreement. However, even in this case the degradation is 7 Ts for 95%-ile and more than 2 Ts for 90%-ile in ideal simulations.
Note: the UE implememtation impairements which were not considered in these simulations will be significant at very low SINRs (below -9 dB) which we observe in normal subframes. This means that in practice the degradation will be even larger than shown since the relation between the degradation and SINR is non-linear.
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Figure 1. DL contribution to the UE Rx-Tx measurement, AWGN, SRN0=-7 dB.
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Figure 2. DL contribution to the UE Rx-Tx measurement, AWGN, SRN0=-6 dB;
blue line: 0 dB margin (not aligned with Rel-9 methodology and last-meeting agreement).

It is seen from Figure 1 and Figure 2 that even with only DL errors included the degradation of the UE Rx-Tx time difference measurement accuracy is significant compared to the reference case. This means that if the UE is not configured with the measurement resource restriction pattern, the UE measurement accuracy requirement is not likely to be met.
Similar to RSRP, for performing the UE Rx-Tx time difference measurement, the UE measures the DL component of the measurement on the CRS. Therefore the use of the existing serving cell time-domain measurement resource restriction pattern also for doing UE Rx-Tx time difference measurement does not add any extra burden on the UE. On the other hand, the use of serving-cell time-domain measurement resource restriction pattern ensures that Rel-9 accuracies are met. 
Proposal 1: Ask RAN2 to clarify that the serving-cell time-domain measurement resource restriction pattern applies also for UE Rx-Tx timing measurement.

Proposal 2: Alternatively, the interferer level of [5] dB for CRS-based measurements, including RLM and RRM measurements, should be rediscussed, to ensure consistent performance of serving-cell measurements in the same scenarios.
Proposal 2 is a less preferred option, given the earlier agreements among companies, but it is still a possibility if preferred by the group.
3 Summary

Observation: With Rel-9 methodology, the minimum observed degradation is more than 8 Ts at 90%-ile. Even without the Rel-9 margin, the minimum degradation is more than 7 Ts at 95%-ile and more than 2 Ts (e.g., more than 20 m) at 90%-ile, assuming ideal receiver. Obviously, the degration is not acceptable for small-cell deployments. If measurement patterns are used, the Rel-9 accuracy may be maintained.
From the presented simulation results it is evident that the UE needs to be configured with a measurement pattern in order to meet the UE Rx-Tx timing measurement accuracy requirements. The DL part of the UE Rx-Tx timing measurement is performed on CRS. The use of the existing serving-cell time-domain measurement resource restriction pattern does not add any additional complexity and instead ensures that Rel-9 accuracy levels can be reused also for Rel-10 eICIC. The following is therefore proposed:

Proposal 1: Ask RAN2 to clarify that the serving-cell time-domain measurement resource restriction pattern applies also for UE Rx-Tx timing measurement.
Proposal 2: Alternatively, the interferer level of [5] dB for CRS-based measurements, including RLM and RRM measurements, should be rediscussed, to ensure consistent performance of serving-cell measurements in the same scenarios.
Based on the two proposals above, there is a Way Forward in [5] and draft LS in [6].
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