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1 Introduction

Introducing new RSRP/RSRQ measurement requirement under high Doppler scenarios in Rel-12 i.e. HST, EVA300Hz and EVA600Hz was widely discussed in RAN4.
In this contribution, firstly ideal RSRP defintion under fading channel was discussed and analyzed. Then proposals were given for introducing RSRP/RSRQ requiremnmts under high doppler channel.
2 Ideal RSRP definition 
The open issue for this new test is how to define ideal RSRP/RSRQ values, since unlike legacy requirement was tested under static AWGN channel which ideal RSRP value is static and can be calculated theoretically based on test condition. For fading channel, due to channel variation in time domain, ideal RSRP value will be a variable value based on original definition.

In RAN4#69bis, A WF [1] was agreed to introduce ideal RSRP/RSRQ definition with ‘long term average’ to avoid the effect of fading channel variation i.e. as equation below:
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In RAN4#71, it’s observed due to RSRP definition under dual receiver antennas, UE will apply antenna selection (max operation) between measured values from two receiver braches. Even with longer term average, ideal RSRP value under fading channel have a bias compared to the value under AWGN case. Furthermore, this bias is depending on channel model and UE implementation i.e. receiver antenna selection point i.e antenna selection after per measured sample with per measurement gap (40ms) or antenna selection after layer 1 filtering with per measurement period(200ms). 

Based on such considerations, since the bias and ideal RSRP value were implementation related and can not be calculated theoretically, in RAN4#71[2], it’s agreed applying ideal RSRP as AWGN channel i.e. calculated theoretically based on test condition, then taking account of bias due to max operation between antennas and channel variation into simulation and final accuracy requirements. 
To summary up, three types of ideal RSRP definition were discussed in RAN4 for fading channel:

· ideal RSRPRel.8, here ideal RSRP was the derived RSRP values at the receiver antenna port without noise as the orginal legacy definition in Rel.8

· ideal RSRPLong_term_averaging , here ideal RSRP was derived from the high Doppler fading channel over a long term average of the signal power 
· ideal RSRPAWGN, here ideal RSRP was defined as received signal power under AWGN channel i.e. calculated using Es1/Noc, Es2/Noc (for 2 cell simulations) and Noc
In order to investigate the effect of varies ideal RSRP definition under fading channel, we evaluate ideal RSRP distribution under EVA300Hz and EVA600Hz channel with different initialized channel seeds. Note that ideal RSRP is calculated as original ideal RSRP definition in Rel.8 i.e. 40ms per sample (without noise) and generate one ideal RSRP value per 200ms measurennt period after layer 1 filter, as listed below.
· Ideal RSRP Stat.1: antenna selection operating at point 1 i.e. over per measured sample (per 40ms).

· Ideal RSRP Stat.2: antenna selection operation at point 2 i.e. over per measured period (per 200ms).

Figure 1 and figure 2 below show ideal RSRP distribution (difference compared to the ideal value under AWGN channel) under EVA600Hz with different initialization channel seeds and different statistical method. Figure 3 and figure 4 show the results for EVA300Hz channel. Moreover, the bias between ideal RSRP value with long term averaging under EVA 300Hz and ideal value under AWGN channel for different initialization channel seeds and different statistical methods were summarized in Table 1 below. 

Based on simulation results, we observed that:
· With different initialization channel seeds, the bias of ideal RSRP values with long term averageing and ideal value under AWGN varied within 0.5dB~2.0dB for statistical method 1 under EVA300Hz
· With different antenna selection points, both the variation of instantace ideal RSRP value and the bias under antenna selection point 2 compared to selection point1 since statistical method 1 require more frequent anetenna selection without layer 1 filter. 

Observation 1: Ideal RSRP value with long term averaging under fading channel varied depending on initialization channel seeds and implementation location for receiver antenna selction i.e. over per measured sample or over per measurement period.
Observation 2: From TE implementation point of view, it’s impracticable to apply ideal RSRP definition 1 and definition 2 mentioned above due to fading channel variation and different UE implementation  of antenna selection which is unkown to TE.
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Figure 1:Ideal RSRP under EVA600Hz with Stat.1
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Figure 2:Ideal RSRP under EVA600Hz with Stat.2
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Figure 3:Ideal RSRP under EVA300Hz with Stat.1
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Figure 4:Ideal RSRP under EVA300Hz with Stat.2


	Table 1: Bias of Ideal RSRP with long term average under EVA300Hz compared to the ideal value under AWGN

	Initialization channel seeds
	Seed 1
	Seed 2
	Seed 3
	Seed 4

	Stat Method 1
	0.5 dB
	1.3 dB
	1.0 dB
	2.0 dB

	Stat Method 2
	0.0 dB
	0.8 dB
	0.4 dB
	1.4 dB


3 Absolute RSRP accuracy
3.1 Simulation assumption
In order to investigate the effect of different ideal RSRP definitions on absolute RSRP accuracy, we evaluate absolute RSRP accuracy under EVA300Hz. 

Table 2: Simulation parameters for RSRP/RSRQ measurement accuracy studies
	Parameters
	Value
	Comments

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

	Uplink-downlink configuration
	2
	

	Special sub frame configuration
	6
	

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	40ms
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions & Doppler Frequency
	EVA300Hz
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 


3.2 Simulation results
As described in chapter 2, absolute RSRP accuracy was evaluated under different ideal RSRP definitions:

· Delta RSRP1   = (estimated RSRP – ideal RSRPRel.8)  [dB] , here ideal RSRP was the derived RSRP values at the receiver antenna port without noise as the orginal legacy definition in Rel.8

· Delta RSRP2   = (estimated RSRP – ideal RSRPLong_term_averaging) [dB] , here ideal RSRP was derived from the high Doppler fading channel over a long term average of the signal power which is specific to channel seed and UE implemention for antenna selection 

· Delta RSRP3   = (estimated RSRP – ideal RSRPAWGN) [dB] , here ideal RSRP was defined as received signal power under AWGN channel i.e. calculated using Es1/Noc, Es2/Noc (for 2 cell simulations) and Noc

It’s worth noting that both ideal RSRP and measured RSRP was derived based the assumption of antenna selection operating at point 1 with 40ms interval during simulation.
Figure 5~figure 7 below show delta RSRP distribution under SNR -6dB and EVA300Hz with different initialization channel seeds and different ideal RSRP definition.
Table 3 below summarized absolute RSRP accuracy under SNR -6dB and EVA300Hz channel with with different Initialization channel seeds and different ideal RSRP definition.
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Figure 5:Delta RSRP under EVA300Hz with ideal RSRP definition 1
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Figure 6:Delta RSRP under EVA300Hz with ideal RSRP definition 2
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Figure 7:Delta RSRP under EVA300Hz with ideal RSRP definition 3


Table 3: Absolute RSRP accuracy under SNR -6dB and EVA300Hz channel
	Ideal RSRP definition
	Channel Seed
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	Original definition as Rel.8
	Seed 1
	-1.6
	-0.2
	1.2
	2.8
	1.6

	
	Seed 2
	-1.6
	-0.2
	1.0
	2.6
	1.6

	
	Seed 3
	-1.6
	-0.2
	1.1
	2.7
	1.6

	
	Seed 4
	-1.5
	-0.2
	1.1
	2.6
	1.5

	Long term averaging
	Seed 1
	-2.6
	-0.3
	1.7
	4.3
	2.6

	
	Seed 2
	-2.8
	-0.3
	1.7
	4.5
	2.8

	
	Seed 3
	-2.7
	-0.3
	1.7
	4.4
	2.7

	
	Seed 4
	-2.8
	-0.3
	1.7
	4.5
	2.8

	Signal Power under AWGN channel
	Seed 1
	-1.7
	0.5
	2.4
	4.1
	2.4

	
	Seed 2
	-1.1
	1.3
	3.1
	4.2
	3.1

	
	Seed 3
	-1.4
	1.0
	2.8
	4.2
	2.8

	
	Seed 4
	-0.5
	1.7
	3.8
	4.3
	3.8


Based on above simulation results and summary, it can be observed:
· Under ideal RSRP definition 1 as original definition in Rel.8, delta RSRP disctrbution are quite align with different channel seeds and 90% absolute RSRP is within 1.6dB.
· Under ideal RSRP definition 2 with long term averaging ideal RSRP definition, delta RSRP disctrbution are quite align with different channel seeds, median delta RSRP is similar as the value in definition 1. Compared to definition 1, delta RSRP deviation between 5%~95% deterioratearound 1.7dB due to fading channel variation in time domain. Absolute RSRP is within 2.8dB.
· Under ideal RSRP definition 3 as received signal power in AWGN channel, 5%, 50% and 95% of delta RSRP distribution varied with different initialization channel seeds. The bias compared to ideal AWGN channel was due to receiver antenna selection operation, and initialization channel seeds.
Observation 3: It’s difficult to take accuout of the bias introducing by antenna selection into absolute RSRP requirements since the bias is varied depending on initialization channel seeds and receiver antenna selction implementation.
Based on above observations and analysis, we can conclude that it’s difficult to introduce RSRP/RSRQ requirements under fading channel with several ideal RSRP defitnions mentioned above. A straightforward alternative method is to introduce RSRP/RSRQ requirements under HST channel. Under HST channel, ideal RSRP is the same as in AWGN channel which can be calculated theoretically based on test conditions.

Proposal 1: Consider to introduce RSRP/RSRQ requirements under HST channel to avoid ideal RSRP defitnion problem and apply the similar legacy Rel.8 requirments.
4 Conclusion

In this contribution, firstly ideal RSRP definitions under fading channel as summarized below were discussed and analyzed:

· ideal RSRPRel.8, here ideal RSRP was the derived RSRP values at the receiver antenna port without noise as the orginal legacy definition in Rel.8

· ideal RSRPLong_term_averaging , here ideal RSRP was derived from the high Doppler fading channel over a long term average of the signal power which specific to channel seed and implemention for antenna selection 

· ideal RSRPAWGN, here ideal RSRP was defined as received signal power under AWGN channel i.e. calculated using Es1/Noc, Es2/Noc (for 2 cell simulations) and Noc

Observation 1: Ideal RSRP value with long term averaging under fading channel varied depending on initialization channel seeds and receiver antenna selction implementation i.e. over per measured sample or over per measurement period.

Observation 2: From TE implementation point of view, it’s impracticable to apply ideal RSRP definition 1 and definition 2 mentioned above due to the fading channel variation and different UE implementation  of antenna selection (which is unkown to TE).
Observation 3: It’s difficult to take accuout of the bias introducing by antenna selection into absolute RSRP requirements since the bias is varid depending on initialization channel seeds and receiver antenna selction implementation.

Based on above observations and analysis, such proposal was given:

Proposal 1: Consider to introduce RSRP/RSRQ requirements under HST channel to avoid ideal RSRP defitnion problem and apply the similar legacy Rel.8 requirments.
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