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Discussion
1. Introduction

In previous RAN4 meeting the impact of using either single TX antenna reference symbols (R0) or two TX antenna reference symbols (R0+R1) for cell selection or handover performance was discussed[1][2]. In RAN4 meeting #49 we presented analysis of the impact in indoor office scenario in [4]. It was raised that the results presented in [4] for connected state were not covering the worst case as the Doppler assumed was only 5Hz (e.g. ~3km/h) and that lower Dopper (of 0.5Hz) could result significant change in the results seen. In this contribution we present further analysis for the same scenario as presented in [4] in connected state, assuming lower UE velocity of 0.3km/h. Furthermore we have evaluated two different slow fading characteristics   
2. Discussion
In this section we present the used simulation scenario and the obtained results.
2.1 Simulation set-up
This study has been performed using a fully dynamic time driven system simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have used RSRP measurements for evaluating the best cell and for making the actual cell selection and handover decisions. In the simulations the UE makes RSRP measurements with predefined period (“measurement interval”). The collected measurement results are then non-coherently averaged over a predefined sliding window (“measurement period”). These studies have been done in indoor scenario with 20 office rooms and 4 cells shown in Figure 1 (room: 20 x20 m, corridor 100 x 10 m). This was considered to as closely as possible match the considered quasi-stationary case with broadband type of use case and correspond to the assumptions used in previous papers [3]. A 1-tap Rayleigh faded channel model was used with 0.3 km/h UE speed.
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Figure 1. The indoor scenario layout

2.1 Connected mode simulations
In these simulations the effect of RSRP (R0) and RSRP (R0+R1) measurements to the handover performance is studied. In connected mode cases UEs make RSRP measurements with 50 ms measurement interval with 200ms sliding window measurement period. Different simulations are carried out with RSRP (R0) measurements and RSRP (R0+R1) measurements. In these simulations the terminal movement followed the indoor mobility model where the users move from room to another, and stay stationary in the room for a while after reaching it. The fading characteristics were based on 0.3km/h velocity. Shadow fading standard deviation was either 8dB with 50m correlation distance or 3.5dB with 8m correlation distance.
Handover margin is 3 or 6 dB and time-to-trigger (TTT) is either 200 ms, 400 ms or 600ms in the presented results. Compared to results in [4] longer TTT was also evaluated to cover the typical range assumed in UTRAN. Figure 2 and Figure 3 show the spectral efficiency (SE) with RSRP (R0) and RSRP (R0+R1) measurements with different handovers parameters and slow fading parameters. Figure 4 and Figure 5 shows the user throughput. As can be seen from these figures there is only small variation in SE and user throughput with different measurements and handover parameters. Furthermore there is also very small difference between the evaluated slow fading assumptions.
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Figure 2. Spectral efficiency with different handover parameters and RSRP measurements (std=8dB, corr. dist=50m).
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Figure 3. Spectral efficiency with different handover parameters and RSRP measurements (std=3.5dB, corr. dist=8m).
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Figure 4. User throughput with different handover parameters and RSRP measurements (std=8dB, corr. dist=50m).
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Figure 5. User throughput with different handover parameters and RSRP measurements (std=3.5dB, corr. dist=8m).


In Figure 6 and 7 number of handovers per call is presented. In some cases, there is a clear increase in number of handovers when only R0 is used in measuring RSRP compared to using (R0+R1). Number of handovers is strongly correlated with the used TTT length, the HO margin having limited impact at longer TTT lengths. Comparing to results presented in [4] the effect to slower velocity is visible at the results with R0 when short TTT is used. For longer TTT lengths the amount of handovers is actually reduced. As the TTT together with RSRP measurement period removes the impact of ‘fast’ fading, lower UE velocity reduces the observed signal strength variations (due to pathloss) seen, handover probability is reduced.
Figure 8 and 9 shows the proportion of ping-pong handovers i.e. number of ping-pong handovers divided by the number of all handovers. Assume that UE is connected to eNB1and first makes handover to eNB2 and then back to eNB1. If the second handover happens within the ping-pong handover interval (5 s), the handover is considered to be a ping-pong handover. The proportion of ping-pong handovers is relatively large for both RSRP (R0) and RSRP (R0+R1) cases. Similarly as in case of number of handovers portion of ping-pong handovers is also larger with RSRP (R0) measurements. The amount of ping-pong handovers is reduced when handover margin and TTT are increased.  Compared to results presented in [4] the portion of ping pong handovers is increased for both assumed RSRP evaluation schemes with short TTT lengths, but are reduced as TTT length is increased 
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Figure 6. Number of handovers per call with different handover parameters and RSRP measurements (std=8dB, corr. dist=50m).
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Figure 7. Number of handovers per call with different handover parameters and RSRP measurements (std=3.5dB, corr. dist=8m).
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Figure 8. Number of ping-pong handovers with different handover parameters and RSRP measurements (std=8dB, corr. dist=50m).
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Figure 9. Number of ping-pong handovers with different handover parameters and RSRP measurements (std=3.5dB, corr. dist=8m).




3. Conclusions

In this contribution we have presented further system level simulation results evaluating the impact of using RSRP based on R0 only or based on R0+R1 when evaluating handover in connected mode. These were evaluated in indoor scenario with 20 office rooms and 4 cells and with UE velocity of 0.3km/h. 
The system performance when handovers were done based on RSRP using either R0 or R0+R1was  evaluated. There was practically no difference seen in terms of spectral efficiency or user throughput for different RSRP assumptions. In terms of number of handovers, using R0+R1 for RSRP provided some benefit over the R0 only with more aggressive handover settings which are not the optimal ones for a low mobility scenario. When the probability of ping-pong handovers is considered and attempted to be minimized practically no difference is seen with more optimal handover settings, regardless of whether the UE uses R0 or R0+R1.

Based on these results, there does not seem to be any significant motivation to mandate the use of both R0 and R1 when measuring RSRP in multi antenna scenario.
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Annex A. System simulation assumptions

Table 1. Key simulation parameters

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	NW synchronicity
	
	Asynchronous NW

	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

	Indoor Scenario
	
	4 cells


	
	Number of UEs per sector
	20

	
	Antenna pattern
	Omni directional antennas

	Distance-dependent path loss
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kw is number of penetrated wall and Lw is wall loss (5 dB)

	Shadowing standard deviation
	
	8 dB and 3.5dB

	Shadowing correlation distance
	
	50m (for 8dB) and 8m (for 3.5dB)

	Shadowing correlation between cells
	
	0.5

	Multipath delay profile
	
	1-tap Rayleigh fading

	UE Speed
	
	0.3 kmh

	Time-To-Trigger
	
	200 ms, 400 ms, 600ms

	HO Margin
	
	3 dB and 6 dB

	Receiver
	
	2RX MRC

	Ping-pong HO time interval
	Assume UE is connected to eNB1and first makes HO to eNB2 and then back to eNB1. If the second HO happens within the ping-pong HO interval, the handover is a ping-pong HO
	5 seconds

	
	
	

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	50 ms in connected mode 

	
	Measurement Period
	200ms in connected state
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