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1.
Introduction

In RAN4#68, a WF [1] on the simulation setup for potential redefined RSRQ is agreed. 
· Mismatch between new/old RSRQ definition
· Impact on the system performance
· Legacy issue
· Whether the network should be aware if the UE uses new/old RSRQ or whether the same trigger thresholds can be used
· New RSRQ definition
· Decision whether RSRQ definition is changed excluding legacy issue to be made in RAN4 #68 bis
It is also clarified the definitions of old and new RSRQ, as
· Old RSRQ

Uses the current definition in 36.133, RSSI is computed only on symbols that contain CRS

· New RSRQ

RSSI is the linear average of total received powers in all OFDM symbols and in the measurement bandwidth in 1 subframe over the number of OFDM symbols in that subframe.

In this paper, the differences between the two RSRQ definitions are studied. The necessity to introduce the new RSRQ definition is investigated.

2. RSRQ Defintion
When the interference subframe is ABS, it has been agreed to use the new RSRQ definition. This is mainly due to the imbalanced interference level between CRS OFDM symbol and non-CRS OFDM symbol. Meanwhile, the majority of OFDM symbols in ABS do not carry CRS. In [2], it is argued to extend the RSRQ definition in eICIC/FeICIC to all cases. It is claimed that a large mismatch of old RSRQ definition is observed when the network is asynchronized and the cell load is independently changed subframe by subframe. It is noted that the variation of the measured cell load should have almost the same impact on the old and new RSRQ definitions. As a result, we only need to analyse the impact of interference cell loading variation when the network is asynchronized. 
In our studies, 2 cells network, one measured cell and one interference cell, is considered. Compared to full scale of system level simulation where 19 cells are typically deployed, the differences between two RSRQ definitions in the 2 cells network are supposedly to be exaggerated, as the interference is only contributed by a single cell and can be more dynamic. In the simulations, it is assumed the measured cell is fully loaded and the interference cell load is 100%, 50% or 25%. From example, 25% of cell load means the chances of full load and zero load are 25% and 75%, respectively. CRS of two antenna ports, PSS/SSS, PBCH, PDCCH(over 3 OFDM symbols) are always transmitted in both measured and interference cells as agreed in [1]. The time offset between two cells is randomly generated between 0 and 7 OFDM symbols. The variances of RSRQ under different definitions are compared with various interference cell loads and SNR levels.
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Figure 1: CDF of RSRQ when SNR=-3dB
[image: image2.jpg]CDF

time offset is uniformly distributed in [17] symbols, SNR=10dB, SIR=0d5

LE]

08

07

06

0sh

04

03

02

01

———fullinterference cell load
———50% interference cell load
25% interference cell load

FRERG based i1 et syiritols

RSRQ-based-on GRS symbols:

RSRQ

EF]

0




Figure 2: CDF of RSRQ when SNR=10dB
In general, the simulations in Figure 1 and 2 suggest the RSRQ variances with two definitions are very similar when the interference cell load is from light to full. When the interference cell is fully loaded, it is not surprised that the two definitions end up with identical CDF.  When the interference cell load is 50% and 25%, it is shown that the RSRQ distributions under two different definitions are also very close. This is especially the case when the SNR is low, where noise dominates the interference level. As a result, the interference cell load does not make big difference.
Observation 1: Based on agreed simulation assumption, the RSRQ variances with two definitions are very similar, regardless the interference cell load is high or low.
To better understand the difference between two RSRQ definitions, the statistics of their RSRQ ratio for different channel realizations are obtained in Fig.3. In Fig3, the old and new RSRQ are denoted by RSRQ4 and RSRQ14, respectively. When the interference cell is full load, the difference is less than 3% with SNR=-3dB. When SNR=10dB, such a difference can be as worse as 5%. With the interference cell load reduced, the difference between two RSRQs becomes larger. However, such a difference is still quite mild. For example, when SNR=-3dB, up to 5% of difference can be achieved for more than 90% of cases. In high SNR region, the maximum difference is as large as 10% for 90% of cases.
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Figure 3: CDF of RSRQ ratio with different SNR and time offsets

Observation 2: For 90% of the cases, the difference between old and new RSRQ is less than 5% when SNR is low. Such an observation is made based on various time offsets between two cells and different interference cell loads. 
Observation 3: For 90% of the cases, the difference between old and new RSRQ is less than 10% when SNR is low. Such an observation is made based on various time offsets between two cells and different interference cell loads.
Obviously, obtaining RSSI over the entire subframe requires more energy and computation complexity than the case where only CRS OFDM symbols are considered. Depending on the implementation details, the number symbols to be processed in the new RSRQ definition is about 3.5 times of the old one. Given the existing RSRQ definition serves the purpose quite well, it is proposed
Proposal: It is suggested make no change on the existing RSRQ and RSSI definition.

3. Conclusions 

In this contribution, the performances of old and new RSRQ, defined in [1], are compared. To get a complete picture, different time offsets, cell loading and SNR are assumed. Based on the simulations and analysis, it is observed that
Observation 1: Based on agreed simulation assumption, the RSRQ variances with two definitions are very similar, regardless the interference cell load is high or low.

Observation 2: When SNR is low, the difference between old and new RSRQ is less than 5% for 90% of cases. Such an observation is made based on various time offsets between two cells and different interference cell loads. 

Observation 3:When SNR is high, the difference between old and new RSRQ is less than 10% for 90% of the cases. Such an observation is made based on various time offsets between two cells and different interference cell loads.

As a result, it is proposed
Proposal: It is suggested make no change on the existing RSRQ and RSSI definition.
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