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1. Introduction 

This contribution contains simulation results for inter-frequency measurement performance with DRX in the presence of subframe blanking.  In the DRX case, the initial measurement time (total samples available for measurement) is similar to the non-DRX case; however, in subsequent measurements, the measurement time is reduced to 5 samples [4].  In this contribution we provide simulation results for this case.  

This contribution is an update to [6] and [7].

2. Discussion
2.1. Impact of blank subframes  
In [5], a proposal was made to introduce a modified type of MBSFN configuration, where the first two (control) symbols in certain subframes are not transmitted.  We will call this mode subframe blanking, and the impacted subframes (i.e. those that don’t contain control symbols) blanked subframes. 

A consequence of subframe blanking is the potential reduction of available RS symbols for inter-frequency measurements.  In the assumed worst case, the number of symbols available for RS measurement in any continuous 5ms period is 11 in existing MBSFN and it is 4 in the subframe blanking case.  In this contribution, we present simulation results for the impact of subframe blanking on inter-frequency measurement performance.   
2.2.  Inter-frequency measurement requirements
When the LTE UE is directed to make connected mode inter-frequency LTE measurement, a sequence of measurement gaps will be opened, during which the UE can visit the other frequency and collect measurement samples [4].  

In DRX mode, the measurement samples may follow the DRX patter and the measurement time requirement is given in Table 1 [4]. 
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note)

	0.08
	0.4 (5)

	0.16
	0.8 (5)

	0.32
	1.6 (5)

	0.64
	3.2 (5)

	1.28
	6.4 (5)

	2.56
	12.8 (5)

	Note: number of DRX cycle depends upon the DRX cycle in use


Table 1 Requirement to measure FDD Inter-frequency cells in connected mode DRX
2.3.  Simulation Assumptions
The simulation assumptions are listed in Table 2 below. 
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	50 resource blocks
	(not relevant to the results)

	Duplex mode
	FDD
	

	Cyclic prefix type
	Normal
	Relevant only to unicast subframes and first two symbols of MBSFN subframes

	Number of frequency layers
	1
	All available gaps are used for measurements

	RSRP L1 measurement period
	25 ms
	

	L3 filtering
	Disabled 
	

	Gap length
	6 ms
	5ms of which was assumed to be available for active measurement time

	Gap periodicity
	80 ms
	40ms periodicity is the more stringent of the two options from the measurement noise impact perspective

	Transmit antennas
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	DRX/DTX
	ON, 80ms
	

	Propagation conditions
	AWGN, EPA, ETU
	

	Doppler Frequency: ETU and EPA
	70Hz and 5Hz
	

	Ioc
	AWGN
	Asynchronous scenario

	Ior/Ioc
	-4 dB
	The Ior/Ioc for DRX inter-frequency cell identification is TBD


Table 2 Simulation parameters for inter-frequency measurement performance
The DRX cycle was chosen as 80ms, which was viewed as worst case.  For longer DRX cycles, the number of samples available is the same and the time diversity is improved.  

2.4. Simulation Results

In Figures 1 through 4, we compare the RSRP and RSRQ measurement performance for the cases shown in Table 3, in the order listed. 
	Simulation number
	Channel model
	Doppler (Hz)
	Geometry (dB)

	1
	AWGN
	0
	-4

	2
	EPA
	5
	-4

	3
	ETU
	5
	-4

	4
	ETU
	70
	-4


Table 3  List of Simulation Cases
Each Figure shows RSRP and RSRQ measurement performance with and without blanking.  The two cases were modeled as follows:

· In the case of non-blanking, it is assumed that two non-MBSFN subframes out of subframe #0, #4, #5 and #9, and in addition three MBSFN subframes are available during a measurement gap, providing a total of 11 symbols containing RS signals. 
· In the case of blanking, it is assumed that only one of subframe #0 or #5 is available during a measurement gap, providing 4 symbols containing RS signals. 
In practical inter-frequency measurements, especially in the case of RSRP, measurement bias due to calibration errors can be a significant factor; however, this bias is not a relevant measure for comparing blanking vs. non-blanking, since it is not dependent on the difference between the two cases.   There can be also a systematic bias inherent in the estimation method implemented in the UE.  Even though this also impacts the absolute measurement accuracy, estimation bias is typically a lesser factor compared to the errors due to imperfect RF calibration.  This is especially true in the case of inter-frequency relative measurement errors, where the reduction due to taking measurement differentials in the estimation bias is typically greater than the reduction in the effect of RF calibration errors.  
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Figure 1  RSRP and RSRQ measurement performance comparison for AWGN, -4dB SNR per Rx antenna
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Figure 2  RSRP and RSRQ measurement performance comparison for EPA5, -4dB SNR per Rx antenna
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Figure 3  RSRP and RSRQ measurement performance comparison for ETU5, -4dB SNR per Rx antenna
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Figure 4  RSRP and RSRQ measurement performance comparison for ETU70, -4dB SNR per Rx antenna
As it can be seen in Figures 1 through 4, the additional error due to subframe blanking is moderate.  The performance difference at the 5%-ile and 95%-ile error level is summarized in Table 4 below.  In each case, the higher of the RSRP and RSRQ error expansion was included.  
	Simulation number
	Channel model
	Doppler (Hz)
	Geometry (dB)
	Increase in uncertainty at 5%-ile level (dB)
	Increase in uncertainty at 95%-ile level (dB)

	1
	AWGN
	0
	-4
	0.6
	0.1

	2
	EPA
	5
	-4
	0.7
	<0.1

	3
	ETU
	5
	-4
	0.5
	0.2

	4
	ETU
	70
	-4
	0.5
	0.3


Table 4  Summary of Simulation Results
We observe that the maximum increase in measurement uncertainty is in the range of 0.5dB…0.7dB, which is not significant when compared to other estimation errors and uncertainties. 
2.5.  Further Considerations for the Number of Blanked Subframes

During the discussions of [6], it was mentioned that related studies have been conducted as part of the TDD RRM requirement development.  
In Table 5 below, the TDD inter-frequency measurement requirements are shown. 

	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles)

	≤0.04
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable

	0.08
	0.48*Nfreq (6*Nfreq)

	0.16
	0.8*Nfreq (5*Nfreq)

	0.32
	1.6*Nfreq (5*Nfreq)

	0.64
	3.2*Nfreq (5*Nfreq)

	1.28
	6.4*Nfreq (5*Nfreq)

	2.56
	12.8*Nfreq (5*Nfreq)


Table 5  Requirement to measure FDD inter-frequency cells

Since the TDD operation is very similar to blanking as far as the RRM measurement capabilities are concerned, we can see by comparing Tables 1 and 5 that subframe blanking certainly doesn’t impact RAN4 requirements as long as the number of available subframes for measurements are comparable. We didn’t see significant differences even if the number of available subframes was reduced to 1 as shown in the simulation results. 
3. Conclusions

Results have been presented for comparing inter-frequency measurement results in the cases of DRX measurements with and without subframe blanking.  The results showed that the measurement performance loss due to blanking is noticeable but it is not significant.   
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