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1
Introduction
RAN4 had agreed that inter-frequency RSRP measurement requirements would be developed assuming 6 RBs measurement bandwidth (BW), which has also been agreed to be used for developing intra-frequency RSRP measurement requirements. However, some companies felt that it would be necessary already for developing the first inter-frequency RSRP measurement requirements to assume wider measurement BW for wider DL operating BW. Wider RSRP measurement BW could potentially provide better averaging against fading and thus, reduce the time required for performing inter-frequency RSRP measurements. 
In this contribution we study these potential perform benefits that wider RSRP measurement BW could provide for wider BW options and whether it is necessary to consider wider RSRP measurement BW for developing minimum inter-frequency RSRP measurement requirements. 
The document also proposes a way forward for the inter-frequency requirement development.
2
Discussion
In order to perform inter-frequency handover the UE needs to identity an inter-frequency cell using synchronisation channels that are transmitted using the middle 6 RBs and then perform RSRP measurements for a given for measurement reporting 

The filtering of inter-frequency RSRP measurements is expected to be performed over a certain measurement period, which remain unchanged for a given configured gap pattern. Cell identification time prior to the RSRP measurements depends on SINR and radio propagation conditions as e.g. seen for intra-frequency cell identification in [2] -[5]. The total time required for RSRP measurements depends on factors like the set event-trigger reporting criteria and other network RRM strategies involved with the inter-frequency handover decision making and thereby measurement gap activation time. 
As cell identification is always performed using the same 6 middle RBs, the performance of cell identification does not vary as function of different RSRP measurement BWs. Therefore we see that when comparing the impacts of different RSRP measurement BWs on the reliability of HO evaluation is one important measure in RSRP BW comparison. Additionally, it is of course important to understand whether wider RSRP measurement BW could clearly reduce the total handover delay and gap pattern activation.
We have studied the impacts on wider RSRP measurement BW on handover evaluation through dynamic system simulations. The simulation scenario and results are presented in Section 3. 
Inter-frequency handovers are typically less critical than intra-frequency handovers in frequency reuse = 1 network. The most critical inter-frequency handover scenarios could be seen to the ones where the UE reaches the coverage edge of the current serving frequency layer and thereby needs to make a coverage based inter-frequency handover. Furthermore, in coverage based inter-frequency handover a scenario, where also the strongest cell on the other frequency layer is weak (i.e. cell border/HO area), is probably one of the worst cases in terms of handover performance. We see that these worst case scenarios are the ones that limit the inter-frequency handover performance. However, naturally shorter measurement gap pattern activation times in good conditions for inter-frequency handover evaluation also benefit the E-UTRA system as the network has to put less effort in scheduling gap patterns for different UEs. However, it is worth noting that longer gap patterns in E-UTRA do not have the same impacts on E-UTRA system performance as compressed mode in UTRA.    
3
System Simulation Results
3.1 Simulation Setup
This study has been performed using a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. As it was not possible to evaluate two separate E-UTRA networks on a different frequency layers, these simulations were carried out on single frequency layer. In order to emulate the inter-frequency handovers, gap assisted RSRP measurements were used for evaluating the best cell and for making the actual handover decisions. RSRP measurements were made assuming 6ms gaps, with either 40ms or 120ms gap periodicity. Three different measurement BW options were studied, namely 6PRBs (1.25MHz), 25PRBs (5MHz) and 50PRB’s (10MHz). As the main motivation was to evaluate the improvement obtainable by wider measurement BWs in terms of handover delay, no time-to-trigger value was assumed in handover triggering. The simulations without time-to-trigger value can also be seen as the most sensitive case to differences between different RSRP measurement BWs in handover evaluation. 
The used handover parameters were similar to those used in UTRA. The evaluated scenario is shown in Figure 1. It consisted of 7 active sites (21 cells), highlighted with light blue in the figure. UE mobility is constrained inside these cells and statistics are gathered from these sites. In addition 12 interfering sites, (shown with yellow) are included. The load in interfering sites is mirrored from centre sites, resulting uniform interference conditions over whole area.
[image: image1.png]37

38

22
21
23

10

11

49

50

36

25

26

48

40

41

24

13

14

52

53

39

28

29

12

51

43

44

27

16

17

55

56

42

31

32

15

54

46

47

30

19

20

45

34

35

18

33




Figure 1. Evaluated scenario
3.2 Simulation Results 
In a similar manner as in [6] to evaluate the impact to E-UTRA system performance we have gathered the following statistics of the simulations; (1) number of handovers, (2) spectrum efficiency, (3) users throughput distributions. Results for these are presented in this section. Additional results for RSRP measurement distribution are shown in Annex B.
To be able to study the possible improvement in terms of gap activation period, the performance metrics were evaluated using different RSRP filter lengths by varying the number of consecutive measurement gaps used in the RSPP filtering. In the simulations the RSRP filtering is applied over N consecutive measurement gaps  (with one RSRP measurement / gap) in a sliding window manner, step size being one gap repetition interval. The evaluated values for the number of consecutive measurement gaps were one (i.e. handover evaluation based on single gap measurement), two and four. These can be translated to corresponding time periods (in terms of additional delay introduced to handover evaluation) of (N-1) times gap interval i.e. with 40ms gap periodicity: 0ms, 40ms and 120ms.
As noted in Section 2, different measurement BW options evaluated were 6 PRBs, 25 PRBs and 50 PRBs. These are labelled in figures presented as BW1, BW2 and Full BW, respectively.
Figure 2 and Figure 3 the achieved spectrum efficiency is shown for different UE velocities and RSRP measurement BWs and gap periodicities. The achieved spectral efficiency is dominantly affected by the velocity and practically no difference can be seen between different measurement BW options or the RSRP filtering periods. As the two frequency layer operation was not actually simulated, but emulated in the handover evaluation, the impact of the measurement gaps is not visible in these spectral efficiency results. However the possible negative impacts due to delayed handovers for example due to different gap intervals should be observable. 
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Figure 2. Spectrum efficiency results for different RSRP measurement bandwidths with 40ms gap interval. 
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Figure 3. Spectrum efficiency results for different RSRP measurement bandwidths with 120ms gap interval.

The total number of handovers is summarised in Figure 4 and Figure 5 for 40ms and 120ms gap periodicity, respectively. 
In all of the simulated scenarios from low UE mobility to relatively high UE mobility the 6RB wide RSRP measurement BW (BW1) generates recognisable increase in the number of handovers compared to the full RSRP measurement BW (10 MHz) when no RSRP filtering over consecutive measurement gaps is performed. However, as discussed next, it may not be the best or even safe choice from the total system perspective to rely on handover decisions without any RSRP filtering over consecutive measurement gaps even if wider RSRP measurement BW is used. 
In the low velocity scenario, lowest number of handovers can be observed with all measurement BW options among the evaluated cases. If the number of handovers is desired to be kept very low, the RSRP filtering period needs to be increased from single gap to four gaps (in case of 40ms gap interval) or to two gaps (in case of 120ms gap interval). Based on the spectral efficiency and user throughput distributions this has practically no impact to the performance. Therefore introducing a slight additional delay to the handover triggering due to longer RSRP filtering period would seem feasible in order to keep the number of handovers at acceptable levels. Furthermore, as discussed later in this section, a bit longer RSRP filtering periods are needed for some other scenarios just for keeping the number of handovers reasonable. As it may be difficult to always know UE velocity (even if Doppler frequency was known), it is also often difficult to optimise RSRP filter lengths UE by UE. Some optimisation e.g. in terms of L3 filtering could of course be done based on the knowledge of a given deployment scenario like typical UE velocities etc within given area.
In the medium velocity scenario it would already seem that at least RSRP filtering length of four measurement gaps is needed for all RSRP measurement BWs to limit the number of handovers. It would also seem that further increase in the RSRP filtering period could be beneficial. However as it has not been evaluated it cannot be confirmed that it would not have any negative on other performance metrics (spectral efficiency and user throughput), but nevertheless it would seem attractive to reduce the number of handovers further.

In case of the high velocity scenario the number of handovers remains large without proper time domain RSRP filtering with all RSRP measurement BWs. The spectral efficiency and user throughput do not seem to suffer from the four gaps long RSRP filtering period compared to the shorter RSRP filtering lengths.

It can also be noted that in all cases 120ms gap interval results lower number of handovers. This is best observed at single gap RSRP filtering period. As approximately same number of calls ends with both gap intervals, there are exist lower number of possible events for handover evaluation with less frequent measurement.
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Figure 4: The number of handovers for 40ms gap periodicity with different UE speeds and RSRP measurement bandwidths
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Figure 5: The number of handovers for 120ms gap periodicity with different UE speeds and RSRP measurement bandwidths
The user throughput distributions for evaluated RSRP measurement BWs in different velocity scenarios with single gap and four gap RSRP filtering periods are shown in Figure 6 to Figure 11. The user throughput curves obtained with different RSRP measurement BW options are practically on top of each other. Very minor difference, mostly no difference at all can be seen between single gap and four gap RSRP filtering periods. As noted also for the spectral efficiency, these results do not include any impact of the measurement gaps to the data reception, but effect of the delayed handovers should be seen.
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Figure 6. User throughput distribution for 40ms gap periodicity at 3km/h with a) single and b) four gap RSRP filtering periods
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Figure 7. User throughput distribution for 120ms gap periodicity at 3km/h with single and four gap RSRP filtering periods
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Figure 8. User throughput distribution for 40ms gap periodicity at 30km/h with a) single and b) four gap RSRP filtering periods
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Figure 9. User throughput distribution for 120ms gap periodicity at 30km/h with a) single and b) four gap RSRP filtering periods
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Figure 10. User throughput distribution for 40ms gap periodicity at 120km/h with a) single and b) four gap RSRP filtering periods
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Figure 11. User throughput distribution for 120ms gap periodicity at 120km/h with a) single and b) four gap RSRP filtering periods
Additional results for the RSRP measurement distributions are shown in Annex B for different velocity scenarios and RSRP filtering periods.
4
Conclusions
In this contribution we have analysed potential performance benefits that wider RSRP measurement BW could provide in inter-frequency handover evaluation using measurement gap based inter-frequency RSRP measurements for wider E-UTRA BW options. These studies were done using dynamic system simulations. In the simulations we have concentrated on evaluating performance differences between different RSRP measurement BWs in handover evaluation as inter-frequency cell identification is anyway done in all cases using 6RBs. Thus, cell identification performance would not be dependent on RSRP measurement BW. Naturally separate simulations for fully understanding inter-frequency cell identification performance are still needed. So far RAN4 has focused on intra-frequency cell identification simulations, which seem to indicate that cell identification times at low SNIR levels would be clearly longer than intra-frequency RSRP measurement period of [200 ms].

Spectral efficiency, number of handovers and user throughput were the performance metrics evaluated in these simulations. From the evaluated metrics, different RSRP measurement BWs resulted notable difference only in number of handovers. This is emphasised by the selected parameters (no L3 filtering or time-to-trigger). When no RSRP filtering over consecutive measurement gaps was performed recognisable increase in number of handovers was observed with 6PRB wide measurement compared to the full BW (10MHz) measurement. However, it may not be the best or even safe choice from the total system perspective to rely on handover decisions without any RSRP filtering over consecutive measurement gaps even in case of the widest RSRP measurement BW. The observed number of handovers seems undesirably high even with the widest measurement BWs if no filtering over the consecutive measurement gaps is considered. No negative impacts were observed in other evaluated metrics from the prolonged handover execution. It should be noted that these results do not include the impact of the measurement gaps to the data reception. However it is not expected that the slightly limited scheduling freedom due to gaps would cause any major degradation to the achieved user throughput with practical traffic models, especially in the case of longer gap interval.

5
Proposal 

Based on the conclusions in the previous section we propose to
· Start the development of E-UTRA inter-frequency RSRP measurement requirements using the 6RB measurement BW assumption as already agreed earlier

· These requirements based on 6RBs are anyway needed for the 1.4MHz BW option.
· Continue studying the benefits of developing operating BW dependent inter-frequency RSRP measurement requirements

· If it is shown that it is essential to develop operating BW dependent inter-frequency RSRP measurement requirements due to clear benefits from wider RSRP measurement BWs in handover evaluation, these additional requirements can be done after developing the first requiring using the 6RB RSRP measurement BW assumption. 
· In this way we would be avoid further delays in the RAN4 RRM requirement development and the work could anyway be fully utilised in the RRM requirements development..

· Consider including RSRP filtering over consecutive measurement gaps when defining the inter-frequency RSRP measurement period and requirements.

· Discuss whether frequency layer specific operating BW IE need to be considered in RAN2 to allow the usage of wider RSRP measurement BW (even if the minimum inter-frequency RSRP measurement requirements would not require it)
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Annex A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	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

	NW synchronicity
	
	Asynchronous NW

	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
	7 active sites (21 cells) 

	
	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 

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	Infinite Buffer

	Cell Load
	
	

	UE Speed
	
	3, 30 and 120 km/h

	Gap Length
	
	6 ms

	Gap interval
	
	40ms, 120ms

	RSRP measurement BW
	
	6 RBs, 25 PRBs, 50PRBs

	
	# of measured samples in one measurement gap
	1

	
	Time-To-Trigger
	0ms

	
	HO Decision delay
	0ms

	
	Measurement Error
	0dB

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC

	Packet Scheduler
	Frequency Domain Packet Scheduler
	Proportional Fairness

	
	Time Domain Packet Scheduler
	Proportional Fairness


Annex B. Additional results
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Figure 12. RSRP measurement distribution for 40ms gap periodicity at 3km/h with a) single and b) four gap RSRP filtering periods
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Figure 13. RSRP measurement distribution for 40ms gap periodicity at 120km/h with a) single and b) four gap RSRP filtering periods
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Figure 14. RSRP measurement distribution for 120ms gap periodicity at 3km/h with a) single and b) four gap RSRP filtering periods
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Figure 15. RSRP measurement distribution for 120ms gap periodicity at 120km/h with a) single and b) four gap RSRP filtering periods














































































































































































