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1
Introduction

In previous RAN4 discussions, many simulation results have showed that current RSRQ measurement mechanism could result in overestimation of RSRQ value, and consequently leading to wrongly handover or missing RLF indication, especially in multi-RATs or HetNet deployment networks. So, new RSRQ measurement mechanism is necessary. Until now two types of solution were proposed according to [1] - [4]. They are: 

In our understanding, the first solution is more suited for future LTE-A deployment. So, in this contribution, some analysis and way forward suggestions were presented. 

2
Discussion

As mentioned, there are two candidate solutions proposed until now in RAN4:

Solution1: UE should enlarge its measurement bandwidth both for serving cell and neighbour cells. 
This solution is supported by most companies as in [2], [3], and [5]. The advantage of such solution is that the larger measurement bandwidth UE’s measurement reports can reliably reflect more accurate interference level. However, there is still an open question behind this solution, i.e. whether the UE have to measure cells with wider bandwidth all the time (i.e. UE measure the RBs overall the “allowedMeasBandwidth” bandwidth) or some kind of wideband measurement trigger should be introduced so that UE are allowed to use NB measurements within a cell centre.
Solution2: UE is allowed to continually use narrow bandwidth to measure over wide bandwidth in TDM manner.
This solution is raised in [4] by introducing a measurement BW offset, which is normally signalled by network. Such solution has the advantage that UE can keep on using NB measurements and consequently reduce UE power consumption. However we think this solution has the following shortcomings:
a) If we look at the current specification [7], we can find out that the current specification do not forbid UE performing NB measurements in a TDM manner. In our earlier contribution [6] we already stated that UE can perform measurements in many flexible way, for example: 
· UE can do measurements periodically on different 6RBs over the entire bandwidth with a fixed interval, or
· UE can distribute the measured 6RBs over the bandwidth with some unmeasured RBs interval (the specification don’t constraint that the 6 RBs must be consecutive ones.)
· And so on…
All of the above are depending on the UE algorithm implementation. Actually with optimal measurement algorithm, UE is able to overcome the problem studied in most network deployment environments. By comparing the solution2 with the current specification, we find the only difference between them is the measurement offset which indicates to the UE of the exact RBs locations to perform the measurements. With that UE will lose the implementation freedom and hinder further algorithm optimization.
b) With this solution, the wideband measurement results are achieved by averaging over multiple samples taken with different frequency offsets, the measurements accuracy is highly dependent on how many times UE can sample during a measurement period. According to [7], the UE’s physical measurement period is 200ms for intra-frequency and 480ms for inter-frequency. In future the real network will become more and more complex, where all technologies, such as Carrier Aggregation, multi-RAT (LTE/UMTS/GSM), multi-layer (Macro/Pico/Femto). This means that UE will have to perform more measurements. It would be a significant burden for the UE to manage higher sampling rate for every measurement. If we maintain the sampling rate, then UE’s measurements reporting will be delayed, for e.g. when UE handover to a new cell.

On the other hand, even though UE can manage a higher sampling rate and collect more accurate measurement results, a more frequency sampling normally means that UE will consume more power. Consequently, the superiority of solution2 compared to solution1 is reduced.
c) The UE’s measurements accuracy is also highly dependent on the proper setting of the frequency offset, which is signalled to UE. Such setting is normally configured during the network planning process. As a result, the UE performance in the real network becomes uncertain. Even if the UE’s behaviour can be verified in the RRM conformance testing, the UE will not be guaranteed good performance in real network since the configured frequency offset will have significant impact on the UE performance.

Proposal: Based on above analysis, we believe that the solution1 “a wider measurement bandwidth both for serving cell and neighbour cells” is more suitable.
Next, we consider additional aspects of solution1. This solution can be further divided into fixed wider measurement bandwidth mechanism and some kinds of adaptive trigger wideband measurement scheme, as mentioned at the beginning. For the first mechanism, UE should always measure the bandwidth as indicated by the IE “allowedMeasBandwidth”. For the later mechanism, it is left to the UE to determine when or where to perform wideband measurements, the main idea was roughly described in [2], [3]. 

The basic idea behind wide band trigger scheme is: it is unnecessary to perform wide band measurement when it moves within the area in cell centre, so that UE can keep on using NB measurements and the power consumption is reduced. Hence, such method is very attractive. However the detailed trigger and its performance need to be verified. 

We suggest the following factors to be considered for wideband measurement trigger:
a) The trigger based on RSRP of serving cell, as RSRP of serving cell normally implies whether the UE is located in cell center or cell edge; however the RSRP value does not indicates the UE’s interference level.

b) The trigger based on RSRQ of serving cell, while RSRQ indicating both the receiving signal level and the interference level. 
c) Both RSRP and RSRQ are considered as the trigger. 

d) Any other trigger events can also be considered.

System simulations are necessary for verification, and details simulation parameter could be reused as in [8] (listed in Appendix).
Proposal: Wideband measurement trigger needs to be designed, and its performance should be verified by system simulations. Once the performance is verified, we prefer such scheme as the solution for the RSRQ measurement. Interested companies are encouraged to provide their results.
3
Conclusions

In this contribution, we provided the analysis on the two candidate solutions proposed in RAN4. The way forward is that RAN4 should choose which solution can be realistically adopted. Our analysis showed that Solution1 is more promising than Solution2. So, we propose the followings: 
Proposal 1: Based on above analysis, we believe that the solution1 “a wider measurement bandwidth both for serving cell and neighbour cells” is more suitable on future LTE-A network.

Proposal 2: Wideband measurement trigger need to be designed and it performance should be verified by system simulations. Once the performance is verified, RAN4 should consider adopting such scheme as the solution for the RSRQ measurement.
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Appendix
Baseline System simulation assumptions [8] 
Table 1: Main simulation parameters
	Feature/Parameter
	
	Value/Description

	eNB configuration


	Operation Bandwidth
	5 + 5 MHz, 10 MHz

10 + 10 MHz, 20 MHz

	
	eNodeB Tx Power
	43 dBm per carrier for 5 MHz, 46 dBm per carrier for 10 MHz

	Physical layer parameters
	IFFT/FFT length
	512 for 5 MHz, 1024 for 10 MHz,

2048 for 20 MHz

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300 for 5 MHz, 600 for 10 MHz,

1200 for 20 MHz

	
	NW synchronicity
	Asynchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

	Simulation Scenario
	Macro cell ISD
	500 m 

	
	Penetration loss
	20 dB

	
	UE speed
	3, 30, 120 km/h

	
	Multipath delay profile
	TU

OR

3GPP Spatial Channel Model (SCM) [TR 25.996] can be used if MIMO is used

	
	UE receiver
	2RX MRC

OR

2x2 MIMO

	
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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	UE Tx power
	23 dBm (200 mW)
(This corresponds to the sum of PA powers in multiple Tx antenna case)

	Propagation formula
	Distance-dependent path loss 
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz

[3GPP TR 25.942]

	Shadowing: 

Similar to UMTS 30.03, B 1.4.1.4 

[ ETSI TR 101 112]

	Standard deviation
	8 dB

	
	Correlation distance
	50 m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	
	Correlation between carriers
	1.0

	Interference modelling
	
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	
	
	


Table 2: Measurement and mobility parameters

	Feature/Parameter
	
	Value/Description

	RSRP/RSRQ measurement parameters
	Measurement Bandwidth
	6 PRBs, 50 PRBs, 100 PRBs

	
	Measurement Period for intra-frequency cell
Measurement Period for inter-frequency cell
L3 filtering
	200 ms filtering

480 ms filtering
fc0 (i.e. no filtering) or fc4

	
	
	

	HO mobility

(i.e. events that trigger a handover)
	Intra-frequency A3:

Offset/TTT

Inter-frequency A3:

Offset/TTT
	3 dB / 256 ms

2, 3, 4 dB / 320 ms

	Measurement gap trigger
	A2:
Threshold / TTT


	-12, -13, -14, -15, -16, -17 dB/ 0, 256 ms

	RLM parameters (i.e. parameters determining when RLF occurs)
	Qout [Es/Iot]

Qin  [Es/Iot]
	-8 dB

-6 dB

	Handover delays
	Preparation delay

Execution delay

Measurement report

HO command
	50 ms

30 ms

Modelled and sent as RRC message

Modelled and sent as RRC message

	Cell identification thresholds (i.e. cell is detected when RSRP and Es/Iot are over the given thresholds)
	RSRP threshold

Es/Iot threshold
	-127 dBm

-6 dB


to have wider RSRQ measurement bandwidth


to use narrow bandwidth to measure RSRQ over wide bandwidth in TDM manner and average the frequency domain narrow bandwidth measurement snapshots
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