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1 Introduction

In this contribution we provide link simulation results for the intra-frequency measurements (RSRP and RSRQ) based on the link simulation assumptions which were agreed in [1]. 

2 Link simulation Assumptions and Modelling
The summary of the assumptions used in the simulation [1] is shown in table 1. The measurement sampling rates used for RSRP and RSRQ measurements are also shown in table 1.  

Table 1: Simulation parameters for RSRP/RSRQ measurement 

	Parameters
	Value
	Comments

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

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms
	Two cases

	Measurement sampling rate (FDD)
	1 ms snapshot every 16 ms
	For both L1 periods (200 ms and 400 ms)

	Measurement sampling rate (TDD)
	1 ms snapshot every 20 ms
	For both L1 periods (200 ms and 400 ms)

	OFDM symbols used in measured sub-frame in MBSFN ABS
	4, 7 and 11
	MBSFN ABS case with CRS collision

	OFDM symbols used in measured sub-frame in MBSFN ABS
	4, 7 and 11
	MBSFN ABS case without CRS collision

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

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

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP Length
	Normal
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	4
	

	Time offset between TDD cells 
	0 second
	


3 Simulation Results
The results in terms of CDF of the delta RSRP and delta RSRQ for various scenarios (non-MBSFN and MBSFN ABS) under AGWN for CSR SINR = 0 and -6 dB are provided in section 3.1. The corresponding RSRP and RSRQ results for the fading channels (ETU70 and EPA5) are presented in annex A and annex B respectively. 
3.1 Results for Non-MBSFN ABS Patterns

3.1.1 TDD RSRP results
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Figure 1: TDD RSRP results for non-MBSFN in AWGN (L1 = 200 ms)
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Figure 2: TDD RSRP results for non-MBSFN in AWGN (L1 = 400 ms)
3.1.2 TDD RSRQ results
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Figure 3: TDD RSRQ results for non-MBSFN in AWGN (L1 = 200 ms)
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Figure 4: TDD RSRQ results for non-MBSFN in AWGN (L1 = 400 ms)

3.2 Results for MBSFN ABS Patterns

3.2.1 TDD RSRP results
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Figure 3: TDD RSRP results for MBSFN ABS in AWGN (L1 = 200 ms)
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Figure 4: TDD RSRP results for MBSFN ABS in AWGN (L1 = 400 ms)
3.2.2 TDD RSRQ results
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Figure 5: TDD RSRQ results for MBSFN ABS in AWGN (L1 = 200 ms)
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Figure 6: TDD RSRQ results for MBSFN ABS in AWGN (L1 = 400 ms)
3.3 Analysis of RSRP and RSRQ results for FDD

In the previous section the RSRP and RSRQ results are only provided for TDD where the sampling rate comprises of 1 ms sample per 20 ms. For FDD we have assumed 1 ms sample per 16 ms. This means the measurement accuracy for FDD can be considered to be in the same range as that for the TDD cases.   
4 Analysis of Results

Based on the results it is observed that the RSRP and RSRQ measurement accuracy requirements can be achieved under restricted measurement sub-frames for both cases non-MBSFN ABS and MBSFN ABS patterns. However in the simulation we have assumed sampling rate which is typically much higher than typically used in deriving the release 8 requirements. Hence the measurement period needs to be extended in order to ensure sufficient saving of the UE battery [2].   
5 Summary
The link simulation results are provided for RSRP and RSRQ for TDD. Based on the assumptions used in the analysis it is possible to meet the release 8 intra-frequency accuracy requirements for both RSRP and RSRQ. Similar conclusions can be drawn for FDD. The proposed intra-frequency requirements (i.e. L1 period) are discussed in [2].
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Annex A: Non-MBSFN ABS Results in Fading Channels
A-1: RSRP results for TDD (L1 period = 200 ms):
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(a) ETU70                                                                   (b) EPA5

A-2: RSRP results for TDD (L1 period = 400 ms):
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A-3: RSRQ results for TDD (L1 period = 200 ms):
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[image: image13.png]EPA 5 Hz, Non-MBSFN, TDD, System BW=6 RBs

09

0.8

0.7

06

051

0.4

03

0.2

01

—— CRS SINR=-6dB

— CRS SINR=0dB
i

-1 0 1 2 3
Delta RSRQ = 200 ms Estimated RSRQ - 200 ms ideal (6 RBs) RSRQ[dB]





 (a) ETU70                                                                   (b) EPA5

A-4: RSRQ results for TDD (L1 period = 400 ms):
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[image: image15.png]EPA 5 Hz, Non-MBSFN, TDD, System BW=6 RBs
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 (a) ETU70                                                                   (b) EPA5

Annex B: MBSFN ABS Results in Fading Channels
B-1: RSRP results for TDD (L1 period = 200 ms):
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 (a) ETU70                                                                   (b) EPA5
B-2: RSRP results for TDD (L1 period = 400 ms):
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 (a) ETU70                                                                   (b) EPA5

B-3: RSRQ results for TDD (L1 period = 200 ms):
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[image: image19.png]EPA 5 Hz, Non-MBSFN, TDD, System BW=6 RBs
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(a) ETU70                                                                   (b) EPA5

B-4: RSRQ results for TDD (L1 period = 400 ms):
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[image: image21.png]EPA 5 Hz, MBSFN (CRS collision), TDD, System BW=6 RBs
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[image: image23.png]ETU 70 Hz, Non-MBSFN, TDD, System BW=6 RBs
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[image: image24.png]EPA 5 Hz, Non-MBSFN, TDD, System BW=6 RBs
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[image: image28.png]EPA 5 Hz, MBSFN (CRS collision), TDD, System BW=6 RBs
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[image: image29.png]EPA 5 Hz, MBSFN (CRS collision), TDD, System BW=6 RBs
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