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1. Introduction

RAN4 has mostly evaluated the RSRP estimation accuracy in primarily noise-limited environments [3-6] towards setting 36.133 specification values. RAN4 is currently focused on asynchronous cell identification and measurements, although fully synchronous FDD deployments are feasible and indeed likely. Nevertheless, the need to execute measurements on LTE TDD networks – which will almost certainly be synchronous – suggests that RSRP measurement accuracy in synchronous, interference-limited environments is worth re-examination to ensure that the current RSRP absolute and relative accuracy assumptions are applicable. In this contribution, we study the impact of inter-cell interference on RSRP estimation accuracy in a synchronous network.
2. Synchronous Interference-limited Environments
While estimating RSRP in a noise-limited environment, critical issues include
i)  the reference signal (RS) Ior/Ioc level

ii) fading profile (delay spread, Doppler, etc.)

But, in a synchronous interference-limited environment, in addition to the Ior/Ioc level and fading profile, the cross-correlation of the common reference symbol (CRS) sequence of the cell being measured with the CRS sequence of the interfering cell signal over the measurement bandwidth is significant if the RS subcarrier locations for the two cells overlap.

As per [1] section 6.10.1.2, the subcarrier offset applied to RS symbols are given by:

The cell-specific frequency shift is given by 
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 is the physical layer cell identity. Therefore, if two cells are synchronous and have physical layer cell identities that lead to an overlap in RS subcarrier locations, the cross-correlation properties of the RS sequences over the measurement BW is significant. 

To evaluate how the performance of an RSRP estimator would be impacted by the observation, we simulated two multi-cell scenarios (scenario 1 and scenario 2). Both are three cell scenarios with cell 3 being the cell for which is RSRP is measured. The cell identities of different cells are chosen such that all cells in scenario 1 have overlapping CRS subcarriers. Scenario 2 has non-overlapping RS subcarriers between any two cells. Further details on the simulation assumptions are captured in Tables 1, 2 and 3.

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel
	-
	2 GHz
	2 GHz
	2 GHz

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Number of Tx antennas
	-
	1
	1
	1

	RS sequence
	
	[1]
	[1]
	[1]


Table 1. General simulation assumptions
Scenario 1: Ior3/(Ior1+Ior2+Ioc) = -8 dB and -5 dB
	
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)

	 Physical layer cell id
	113
	119
	107

	Relative delays
	0 ms 
	0 ms
	0 ms

	Ior/Ioc
	-0.75 dB, 2.25 dB
	5.18 dB
	0.29


Table 2. Scenario 1 cell identities and relative power levels, Ior3/(Ior1+Ior2+Ioc) = -8 dB and -5 dB

Scenario 2: Ior3/(Ior1+Ior2+Ioc) = -8 dB and -5 dB
	
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)

	 Physical layer cell id
	113
	120
	109

	Relative delays
	0 ms 
	0 ms
	0 ms

	Ior/Ioc
	-0.75 dB, 2.25 dB
	5.18 dB
	0.29


Table 3. Scenario 2 cell identities and relative power levels, Ior3/(Ior1+Ior2+Ioc) = -8 dB and -5 dB

Here, Ior3/Ioc_total = -8 dB and -5 dB are relevant because the accuracy requirements in 36.133 will be set at Ior/Ioc levels equal to -6 dB and -3 dB (allowing for a 2 dB implementation margin).

Fig. 1 shows the CDF plot of RSRP delta (i.e., difference between estimate and actual for the desired cell) for the two scenarios for a static channel at Ior3/Ioc_total = -8 dB. Here static channel corresponds to a one tap response with unit magnitude and zero phase. Fig. 2 shows the CDF plot for EPA 5 Hz fading channel at Ior3/Ioc_total = -8 dB. Fig. 3 and Fig. 4 respectively show the static and EPA 5 Hz results at Ior3/Ioc_total = -5 dB.
When the RS subcarriers do not overlap between the desired cell and the interfering cells as in scenario 2, the RSRP estimator is an unbiased estimator of the reference signal power. However, when there is a RS subcarrier overlap as in scenario 1, there can be a large bias in the RSRP estimate indicating that there is significant correlation between the CRS sequences of desired and interfering cells. Clearly, the relative RSRP accuracy requirement of +/- 3 dB at Ior/Ioc = -6 dB or the +/- 2 dB requirement at Ior/Ioc = -3 dB cannot be met in scenario 1 for the static channel. Note that these are the accuracy limits which have been tentatively agreed upon in RAN4 [2] for an AWGN propagation channel. 
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Figure 1. Static channel, 3-cell scenario, Ior3/Ioc_total = -8 dB
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Figure 2. EPA 5 Hz channel, 3-cell scenario, Ior3/Ioc_total = -8 dB
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Figure 3. Static channel, 3-cell scenario, Ior3/Ioc_total = -5 dB
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Figure 4. EPA 5 Hz channel, 3-cell scenario, Ior3/Ioc_total = -5 dB
3. Discussion
Most results in RAN4 [3-6] have so far focused on noise-limited channels for evaluating RSRP estimation accuracy. The simulations carried out in interference-limited channels in this contribution indicate that RSRP estimators designed to work well in noise-limited scenarios might fail to meet the accuracy requirements in interference-limited scenarios. In an interference-limited channel, some estimators may track the interfering signal power rather than the desired cell power due to limited discrimination between RS sequences for different cells due to the current definition of sequences in the specification [1]. Since, synchronous network deployments are possible in LTE, especially in LTE TDD deployments, the scenario simulated here is not atypical.
We believe that there are three options to address this potential issue.
Option 1: Relax RSRP measurement accuracy for the synchronous networks.
Option 2: Address the impact of interference via UE baseband signal processing, while maintaining the same accuracy requirements. This might lead to an increase in receiver complexity. (Note that some combination of Options 1 and 2 could also be envisaged).
Option 3: Send an LS to RAN1 outlining the issue and recommending to study alternatives to CRS sequence definition.

We propose that RAN4 consider this topic and we welcome feedback from companies in this regard.
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