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1 Introduction

In RAN4 #58, one outgoing LS [1] regarding RSRQ/RLM definition update was sent to RAN1. In this LS, RAN4 has the view that if current RAN1 specification is not modified, there will be inconsistency between the RAN4 requirements (TS 36.133) and RSRQ definition (TS 36.214). It was also pointed out in the RAN4 discussions that evaluating RSSI only in the OFDM symbols containing reference symbols for antenna port 0 is overly conservative since other OFDM symbols capture much less interference contribution from the interfering cell in the ABS subframes. Thus it was recommended by RAN4 that if higher-layer signalling indicates certain subframes for performing RSRQ measurement, then RSSI is measured over all OFDM symbols in the indicated subframes and agreed in RAN1 CR[2].
In this contribution, we present simulation results of RSRQ accuracy based on this new definition.
2    Link level simulation assumptions and modelling
Most of the simulation assumptions and parameters are based on [3] except the new RSRQ definition.
2.1 Performance metrics

The CDF curves are to be provided for:

· Estimated RSRQ
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) 
[dB]  
The following data are logged:

· RSRQ absolute accuracy. It is assumed the 50%ile point of Delta RSRQ is the RSRQ absolute accuracy without any implementation margin. 
2.2 Simulated Cases

The following cases are assumed.
Case1: Non MBSFN, measurement period=200ms,RSSI symbol 0,4,7,11
Case 2: MBSFN non collision, measurement period=200ms,RSSI symbol 0,4,7,11
Case 3: MBSFN collision, measurement period=200ms,RSSI symbol 0,4,7,11
Case 4: Non MBSFN, measurement period=200ms, RSSI 14 symbols
Case 5: MBSFN non collision, measurement period=200ms, RSSI 14 symbols
Case 6:  MBSFN collision, measurement period=200ms, RSSI 14 symbols
3 Simulation results and analysis

Based on the above assumptions and parameters in Annex 1, all scenarios in different cases [case1~case6] and propagation conditions [AWGN, ETU70 and EPA5] are simulated. The corresponding CDFs of estimated RSRQ and Delta RSRQ are listed in the Annex 2. Based on these simulation resultes in Annex 2, the following summary Table 1 on RSRQ absolute accuracy can be obtained. 
Table 1: RSRQ absolute accuracy
	Channel
	Measuring cell SNR
	Interfering cell SNR
	RSRQ absolute accuracy (dB)

	
	
	
	Case1
	Case4
	△[1,4]
	Case2
	Case5
	△[2,5]
	Case3
	Case6
	△[3,6]

	AWGN
	0dB
	5dB
	0.6966
	0.3699
	0.3267
	0.3172
	0.2379
	0.0793
	0.3933
	0.2990
	0.0943

	
	
	10dB
	1.3422
	0.6712
	0.671
	0.6738
	0.4235
	0.2503
	0.7296
	0.4841
	0.2455

	
	-6dB
	5dB
	1.3031
	0.8138
	0.4893
	0.7907
	0.6516
	0.1391
	0.9508
	0.8347
	0.1161

	
	
	10dB
	2.6835
	1.9939
	0.6896
	1.2525
	0.8524
	0.4001
	2.0231
	1.6605
	0.3626

	ETU70
	0dB
	5dB
	-0.0402
	-0.4058
	0.3656
	-0.4339
	-0.5242
	0.0903
	-0.3505
	-0.4418
	-0.0913

	
	
	10dB
	0.6635
	-0.1108
	0.7743
	-0.1648
	-0.3945
	0.2297
	0.2066
	-0.0878
	0.2944

	
	-6dB
	5dB
	1.7880
	0.8097
	0.9783
	0.1776
	-0.1580
	0.3356
	1.0776
	0.7593
	0.3283

	
	
	10dB
	2.1102
	1.1791
	0.9311
	0.3972
	0.0106
	0.3866
	1.7115
	1.3948
	0.3167

	EPA5
	0dB
	5dB
	0.5116
	0.1871
	0.3245
	0.1419
	0.0759
	0.066
	0.2007
	0.1150
	0.0857

	
	
	10dB
	1.3260
	0.4778
	0.8482
	0.4180
	0.1715
	0.2465
	0.5502
	0.3101
	0.2401

	
	-6dB
	5dB
	2.3152
	1.1251
	1.1901
	0.6335
	0.5270
	0.1065
	0.7837
	0.6940
	0.0897

	
	
	10dB
	2.7286
	1.6756
	1.053
	0.9472
	0.5423
	0.4049
	1.6980
	1.4226
	0.2754


Observation1: with the updated RSRQ definition, UE can achieve better performance in terms of the RSRQ intra-frequency absolute accuracy.
In LTE R8/9, the following requirements are defined for RSRQ intra-frequency absolute accuracy.
	Table 9.1.5.1-1: RSRQ Intra frequency absolute accuracy

Parameter

Unit

Accuracy [dB]

Conditions1
Normal condition

Extreme condition

Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39, 40, 41
Bands 2, 5, 7
Bands 3, 8, 12, 13, 14, 17, 20
Band 9
Io

Io

Io

Io

RSRQ when RSRP Ês/Iot > -3 dB

dBm

( 2.5 

( 4 

-121dBm/15kHz … -50dBm/ BWChannel
-119dBm/15kHz … -50dBm/ BWChannel
-118dBm/15kHz … -50dBm/ BWChannel
-120dBm/15kHz … -50dBm/ BWChannel
RSRQ when RSRP Ês/Iot ≥ -6 dB

dBm

( 3.5 

( 4

-121dBm/15kHz … -50dBm/ BWChannel
-119dBm/15kHz … -50dBm/ BWChannel
-118dBm/15kHz … -50dBm/ BWChannel
-120dBm/15kHz … -50dBm/ BWChannel
Note 1. Io is assumed to have constant EPRE across the bandwidth.




Based on the results in Table 1 and the current requirement for RSRQ intra-frequency absolute accuracy, it can be seen that even when measuring cell SNR and Interfering cell SNR equals to -6 dB and 10dB, the RSRQ intra-frequency absolute accuracy can fulfil the core requirements of R8/9 with 1dB implementation margin (1.9939+1<3.5). 
Observation2: With the updated RSRQ definition, the current RSRQ intra-frequency absolute accuracy can be fulfilled.
However, it should be noted that when defining the side conditions of RRM measurement, the conclusions from system level simulations, cell search simulations et.al. should also be taken into account. 

4 Conclusion 

Based on these above observations, the following proposals can be obtained.

Observation1: with the updated RSRQ definition, UE can achieve better performance in terms of the RSRQ intra-frequency absolute accuracy.
Observation2: With the updated RSRQ definition, the current RSRQ intra-frequency absolute accuracy can be fulfilled.
It is proposed these observations are considered when deciding the RRM side conditions.
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Annex1: Link simulation assumptions for RSRQ

The evaluation of RSRQ performance is based on the simulation assumptions previously used for deriving the legacy / existing requirements. The assumptions are listed in table 1. 

Table 1: Simulation parameters for RSRQ measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms
	Two cases

	Measurement sampling rate
	-
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	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
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP Length
	Normal
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	4
	

	Time offset between TDD cells 
	0 second
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.


Annex 2: Simulation results for RSRQ measurement accuracy
A.1 AWGN

A.1.1 Option1[Measuring cell SNR=0dB]
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(a) Delta RSRQ distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRQ distribution
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(d) Estimated RSRQ distribution


Figure 1 RSRQ results in AWGN in case of option 1 

A.1.2 Option2[Measuring cell SNR=-6dB]
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 2 RSRQ results in AWGN in case of option 2  
A.2 ETU70

A.2.1 Option1[Measuring cell SNR=0dB]
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution

	[image: image11.emf]-19 -18 -17 -16 -15 -14 -13 -12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Estimated RSRQ

CDF

ETU70Hz,interfering SNR=5dB,option 1

case 1

case 2

case 3

case 4

case 5

case 6


(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 3 RSRQ results in ETU70 in case of option 1 
A.2.2 Option2[Measuring cell SNR=-6dB]
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 4 RSRQ results in ETU70 in case of option 2

A.3 EPA5
A.3.1 Option1[Measuring cell SNR=0dB]
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 5 RSRQ results in EPA5 in case of option 1  
A.3.2 Option2[Measuring cell SNR=-6dB]
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(a) Delta RSRP distribution
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(b) Delta RSRQ distribution
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(c) Estimated RSRP distribution
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(d) Estimated RSRQ distribution


Figure 6 RSRQ results in EPA5 in case of option 2  
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