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1. Introduction

In the previous meetings discussion on UE measurement quantities apart from RSRP measurement has been initiated and continued. The decisions on the potential UE measurement quantities have been taken in RAN1. However due to the doubts and questions expressed by involved companies regarding accuracy and performance and application scenarios of the considered measurement quantities the final decision within RAN4 has not been taken yet. This contribution is a continuation of the ongoing work. In this paper we present and discuss some simulation results that might help us in making decision that is suitable trade-off between system performance and complexity.     
2. Discussion
RAN1 has defined UE measurement quantities RSRP, RSSI and RSRQ in TS36.214. Additionally in the last RAN4 meeting RS SNIR measurement quantity was also proposed.
In the last RAN4 meeting it was discussed that in addition to RSRP also some other UE measurement quantities might be needed for triggering inter-frequency and inter-RAT handovers. The following inter-frequency HO scenario was considered interesting to study in the last meeting: there is a E-UTRA frequency layer f1 with good coverage and another E-UTRA frequency layer f2 with significantly more limited coverage area with co-located cells with the first frequency layer.
In this scenario it might be beneficial to move some UE from the frequency layer f1 with full coverage to the frequency layer 2 for load balancing reasons e.g. either immediately when the UE enters the coverage area of f2 or when load situation on the frequency layer f1 becomes clearly higher. Otherwise inter-frequency handovers between these two frequency layers should be avoided as measurement gaps are needed for inter-frequency measurements and too frequent handovers would be made if the UE tried to be in the best frequency layer e.g. in terms of DL quality. 

In order to fully simulate the scenario that was discussed in the last RAN4 meeting it would be necessary to run two separate E-UTRA networks on two different frequency layers in a system simulator. As for now this was not really possible, we have tried to study different measurement quantities in an isolated E-UTRA network with different load situations. The simulated network layout is illustrated later in Section 2.2.
2.1 RSRP, RSSI, RS SNIR vs. cell load
2.1.1 Simulation set-up

In this section we compare the candidate measurement quantities vs cell load. This study has been performed using a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have assumed similar event-triggered measurement reporting and HO triggering as applied in UTRA. We have used RSRP measurements for evaluating the best cell and for making the actual handover decisions. The used handover parameters are also similar to those used in UTRA. In addition to RSRP measurement for intra-frequency handover purposes, the UE also makes and reports RSSI and RS SNIR measurements periodically. 
Definitions and modelling that has been applied for RSRP and RS SNIR:

RSRP – received signal level from all subcarriers that transmit reference signals filtered in time domain according to the given sliding window size.

 RS SNIR – received signal level from all subcarriers that transmit reference signals divided by the sum of interference and noise observed at reference symbol subcarriers.
To evaluate the impact of fractional load situation to RSSI,, we have used two RSSI models in the simulations. In this way we can better understand how and whether selected RSSI measurement strategy in the UE affects the results.
(1) RSSI mode 1: RSSI measurements are done in such symbols that contain reference symbols and control channels in the serving cell. 

(2) RSSI mode2 : RSSI measurements are done in such symbols that only contain data in the serving cell
In the simulations the UE makes RSSI measurements with predefined period (parameter: measurement interval). The collected measurement results are then non-coherently averaged over a sliding window (“measurement period”). RSSI statistics are collected from averaged value.

Detailed simulation assumptions are listed in Annex A.
2.1.2 RSSI
In [1] we have pointed out already that measured RSSI level strongly depends on the current cell load (number of occupied RB’s) in all cells located around the UE location. In the same contribution we have stated that due to the nature of RSSI measurement quantity, its measurement bandwidth should be equal to the operational bandwidth of the serving cell in order to reflect the loading situation at UE location. In addition we have recommended rather long time constant filtering to be able to filter-out effects of fast frequency and time domain resource allocations in all neighbouring cells. The above-mentioned effects also have direct influence on the RSRQ. It must be carefully studied how to configure the system and eliminate possible negative impacts like measurement uncertainties due to measurement definitions. 
In order to analyse in details the influence of various contributions to the total measured RSSI two models have been defined and applied in the simulations as discussed and defined in Section 2.1.1. In Figure 1 - Figure 2 we present RSSI results for both of the two UE measurement strategies; mode 1 and mode 2.

Observing these two different measurement strategy shows that the mode 1 results change as the load is being varied, while mode 2 is actually nearly unaffected by the variations. Thus quite noticeable differences (~9-10 dB) between the mode 1 and 2 can be observed in the RSSI measurement results at 17% RB load situation. Fractional load cases are the ones in which the amount of transmitted data fluctuates quite a bit and the variation is dependent on packet scheduling strategies. The results confirm the expected finding that unless possible different type of traffic conditions are sufficiently accounted in the RSSI measurement strategy e.g. using the full DL operating BW and sufficient time domain averaging, the RSSI measurements may not provide good estimate of the traffic load situation. Even at 48% RB load approximately 5 dB difference can be observed between the CDF figures of RSSI mode 1 and mode 2. 90% RB load condition is already so close to the fully loaded situation that no difference can really be observed between the CDFs of RSSI mode1 and mode2. 
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Figure 1 CDF of measured RSSI mode 1 and mode 2 results at 17% and 48% RB load 
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Figure 2 CDF of measured RSSI mode 1 and mode 2 results at 90% RB load   

2.1.3 RSRP

Taking into consideration the definition of the RSRP measurement it is to be expected that measured RSRP level does not depend on cell loading. RSRP simulations results for different RB load conditions are shown in Figure 3. The results confirm the assumption.  
These results are also in line with the previous studies presented in [2] where the number of intra-frequency handovers triggered based on RSRP was constant vs. cell load.

[image: image4]
Figure 3 CDF of measured RSRP level as function of cell load (17%, 48 and 905 RB load)
2.1.3 RS SNIR
Figure 4 presents CDF curves for filtered RS SNIR results. The simulation results indicate variation in RS SNIR results for different RB loads. However, this variation is caused by load changes in other cells and thereby interference changes observed in the reference symbol subcarriers of the serving cell. As studied in [2] in case RS SNIR was used as measurement quantity to trigger handovers, the number of handovers was changing vs DL cell load. However, although RS SNIR results vary due to DL load changes and radio condition changes, it is difficult or practically impossible for the network to obtain DL load estimates based on this measurement quantity. It would seem that RS SNIR is not very reliable measurement quantity as load based inter-frequency or inter-RAT handover trigger. Furthermore, as load in other cells causes variation to RS SNIR results, it would also seem difficult to use this measurement quantity for triggering handovers in certain geographical locations. RS SNIR as handover trigger would cause too many handovers and probably non optimum situations from the UL demodulation perspective.  

[image: image5]
Figure 4 CDF of measured RS SNIR vs cell load
2.2 Reliability RSRP, RSSI, RS SNIR measurement quantities vs load and distance from the serving cell 
This chapter presents the study on the reliability of candidate measurement quantities vs cell load for various physical locations in the network cluster. Only cells in green colour transmit signal (i.e. are real cells). In this study, we consider following two scenarios. First, the UE moves directly between two green cells (shown as green arrow in Figure 5). Second, UE moves out of the coverage area (from one green cell towards blue area, shown as blue arrow in Figure 5). UE uses RSRP as HO measurement quantity. Meanwhile, it measures other measurement quantities including RSSI, RS SNIR periodically.
Detailed simulation assumptions are presented in the Annex A.
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                          Figure 5 UE movement within network cluster
Measurement results of RSRP, RSSI mode 1, RSSI mode 2 and RS SNIR vs distance from the initial serving cell towards neighbouring cell and from the initial serving cell outside of the cluster respectively are shown in Figure 6 - Figure 9. The results for the UE following the “green route” are on the left hand side and the results for the “blue route” on the right. 
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Figure 6 – Left: Measured RSRP vs. distance from the initial serving cell (middle cells). Right: Measured RSRP vs. distance from the serving cell (coverage edge case)
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Figure 7 –Left: Measured RSSI mode 1 vs. distance from the initial serving cell (middle cells). Right: Measured RSSI1 vs. distance from the serving cell (coverage edge case)
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Figure 8 –Measured RSSI mode 2 vs. distance from the serving cell (coverage edge case) 
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Figure 9 –Left: measured RS SNIR vs. distance from the initial serving cell (middle cells). Right: measured RS SNIR vs. distance from the serving cell (coverage edge case) 
Similarly to the results presented in chapter 2.1 RSRP value remains independent from cell load irrespectively how far the UE is located from its serving cell. The RSRP results also nicely indicate cell edge areas.
As already seen in Section 2.1.2, the RSSI mode 1 and mode 2 results behave also quite differently in these simulation results where a UE moving certain predefined route is traced. The RSSI mode 2 could indicate some load differences throughout the cell area whereas the RSSI mode 1seems to become more cell load sensitive only at the cell edge area where signal contributions from other neighbouring cells with various continuously changing RB allocations start playing a bigger role in the RSSI mode 1 results. Unless we are able to define a RSSI measurement quantity that provide reasonable estimate of load situation throughout the cell area and with different packet scheduling and measurement strategies, it may be rather difficult to utilise this measurement quantity for load based handover triggering e.g. between different E-UTRA frequency layers.
Based on our results RS SNIR does not seem that reliable measurement quantity for triggering load based handovers either. It has also been proposed that the RS SNIR measurement quantity could be utilised for triggering coverage edge. However, based on our results it would seem rather difficult to define a threshold that would serve this purpose and would not trigger unnecessary handovers, which in the scenario discussed in the last RAN4 meeting and described in the beginning of chapter 2 would be inter-frequency handovers. Thus, we feel that even for coverage edge triggering RSRP measurement quantity would be the most suited. 
3. Conclusions

In this contribution we have studied the properties of different UE measurement quantities that have been considered in RAN4. RAN4 has already earlier concluded that RSRP measurement quantity is well suited for intra-frequency handover decisions. In the last RAN4 meeting it was discussed that in addition to RSRP also some other UE measurement quantities might be needed for triggering inter-frequency and inter-RAT handovers. The following inter-frequency HO scenario was considered interesting to study: there is a E-UTRA frequency layer f1 with good coverage and another E-UTRA frequency layer f2 with significantly more limited coverage area with co-located cells with the first frequency layer. As this case directly is more demanding from the system simulator perspective to study, we performed simulations within one frequency layer, with limited coverage being able to observe effects at the cell edge.. 
Our simulation results indicate that RSSI measurement results are quite dependent on UE measurement strategies and how well different type of traffic conditions are used in the measurements. It seems that unless we are able to define a RSSI measurement quantity that provides reasonable estimate of load situation throughout the cell area with different packet scheduling and measurement strategies, it may be rather difficult to utilise this RSSI measurement quantity for load based handover triggering e.g. between different E-UTRA frequency layers. Our results also indicate that RS SNIR is reliable measurement quantity for triggering load based handovers either. It also seems that RS SNIR would not be well suited for triggering coverage based handovers. Instead, we believe that triggering of inter-frequency load balancing handovers should be based on the network RRM algorithms and estimation methods.
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Annex A Simulation Parameters:

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors

	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	6

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Penetration loss
	
	20 dB

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	FTP_NO_TCP

	Cell Load
	
	To be varied 17%,48%, 90%

	UE Speed
	
	30km/hour

	
	Time-To-Trigger
	0ms

	
	HO Decision delay
	0ms, 

	
	
	

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC

	RSSI,RSRP Measurement
	Measurement Bandwidth
	10MHz

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0
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