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1 Introduction

A new definition of RSRQ where UE measures RSSI in all OFDM symbols in a subframe has been proposed. In the last meeting a way forward paper to perform the system simulations to compare the difference between existing and new RSRQ was approved in [1].
In this paper we provide system simulation results to observe the mismatch between the two different RSRQ definitions. 

2 Simulation Scenario and Assumptions
The system simulation parameters used for obtaining RSRQ results are based on the WF paper in [1]. The number of users during simulation time is kept constant by creating a new user if a call is dropped, user leaves the system or its session terminates. The summary of parameters is also shown in table 1: 

Table 1: System simulation setup and parameters for RSRQ measurement results

	Parameters
	Value
	Comments

	Cell layout
	9 cells
	3 sites; 3 cells per site

	Inter-site distance (ISD)
	500 m
	

	Number of carrier frequencies
	1
	Intra-frequency scenario

	Carrier frequency
	2.0 GHz
	

	User speed
	3 km/hour
	

	Measurement bandwidth
	6 RBs
	

	System bandwidth of cells
	50 RBs
	

	Synchronization level
	Synchronized cells
	Perfectly synchronized

	PDSCH transmission probability: 3 cases
	25%
	In each cell

	
	50%
	In each cell

	
	75%
	In each cell

	Control channel space
	3 OFDM symbols
	PCFICH/PDCCH/PHICH

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	5 snaps shots over 200 ms
	One snap shot = 2 ms long every 40 ms.

	L3 filtering co-efficient (k)
	4
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX
	OFF
	

	Time to trigger
	320 ms
	

	Hysteresis
	1 dB
	In all events.

	Propagation conditions
	TU
	Case 1 in 3GPP TR 36.814

	Old RSRQ
	RSSI based on CRS symbols
	RSSI is measured as in release 8

	New RSRQ
	RSSI based on all symbols 0-7 
	RSSI is measured in all OFDM symbols in a subframe


3 Performance Criteria
The following performance criteria are used to evaluate the difference between old and new RSRQ:

· CDFs of new RSRQ and old RSRQ [dB]

· CDF of difference between new RSRQ and old RSRQ [dB]

· Fraction of events triggered per UE (Z) = X/Y; where:

· X = Number of events triggered by the UE with new RSRQ
· Y = Number of events triggered by the UE with old RSRQ

In one simulation run the UEs are configured with multiple events, which are used for different purposes. The events used in the simulations are:
· Event A2 triggering based on RSRQ
· Event A3 triggering based on RSRP
· Event A5 triggering based on RSRQ
The simulations are done for several threshold values for events A2 and A5 as shown in table 2. The A3 threshold is 2 dB in all cases. The threshold2 for event A5 is assumed to be fulfilled all the time i.e. A5 is triggered when condition for threshold 1 is met. The event A5 is used for triggering inter-frequency handovers. The inter-frequency is not modelled but when event A5 occurs the user is assumed to be handed over to non-serving carrier and a new user is created to retain the same number of users in the system.
Table 2: RSRQ threshold used for triggering events based on RSRQ
	Event
	RSRQ Threshold/Threshold1 [dB]

	A2
	-11

	
	-12

	
	-13

	
	-14

	
	-15

	A5
	-13

	
	-14

	
	-15

	
	-16

	
	-17


4 Simulation Results
The system simulation results are expressed in terms of number of triggered measurement reports per user versus the triggering thresholds for different system load. The results are shown for synchronous network only under PDSCH loads of 25%, 50% and 75%. 
RSRQ distribution
The CDF curves of new and old RSRQ for the three loading conditions are shown in figure 1. We observe that under high load (PDSCH load of 75%) the CDF distributions are very similar for the two types of RSRQ. However at low load (25% of load) some noticeable difference is observed. Overall the new RSRQ has a slightly wider distribution at low and moderate load i.e. new RSRQ values are more spread. The difference between new and old RSRQ is more clearly shown in figure 2 containing the CDF of the delta-RSRQ (new RSRQ-old RSRQ) for different loads.  
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Figure 1: CDF of new RSRQ and old RSRQ for different PDSCH loading in synchronous network 
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Figure 2: CDF of delta-RSRQ = new RSRQ-old RSRQ in dB in synchronous network 
Event triggered measurement reports
The figures 3-6 in this section provides fraction of A2 and A5 event triggered measurement reports per UE for different load in synchronous network i.e. results for metric Z as defined in section 4. Following is observed:
· Under low load (25%) the new RSRQ compared to old RSRQ reduces the number of A2 and A5 triggered reports regardless of threshold values; reduction is more prominent at lower threshold values e.g. -13 dB or -14 dB.

· Under moderate load (50%) the new RSRQ compared to old RSRQ still reduces the number of A2 and A5 triggered reports for threshold values below -11 dB; though difference is smaller compared to the case of low load.
· Under high load (75%) the difference between new RSRQ and old RSRQ in terms of the number of A2 and A5 triggered reports is very small. But conversely the new RSRQ slightly increases the triggered reports for threshold values above or equal to -13 dB. 
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(a)      PDSCH load = 25%                                               (b) PDSCH load = 50%
Figure 3: Fraction of A2 event triggered reports (Z). PDSCH load: (a) 25%; (b) 50% 
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Figure 4: Fraction of A2 event triggered reports (Z). PDSCH load: (c) 75% 
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(a) PDSCH load = 25%                                               (b) PDSCH load = 50%
Figure 5: Fraction of A5 event triggered reports (Z). PDSCH load: (a) 25%; (b) 50% 
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Figure 6: Fraction of A5 event triggered reports (Z). PDSCH load: (c) 75% 

5 Summary
In this paper we have system simulation results to observe the performance difference between the new and old (existing) RSRQ in terms of RSRQ distribution and triggered measurement reports under synchronous network. We observe the difference between the two types of RSRQ at low load; new RSRQ exhibits wider distribution and slight reduction in triggered reports. However system studies are also needed in asynchronous network where we expect larger differences in performance at lower loading conditions. We also recommend more studies to observe other relevant performance metrics such as handover failure, call dropping and also possibly radio link failure performances. 
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