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1
Introduction
In the last RAN4 meeting #50, DL link budget in multi-antenna configurations was discussed [1]. Issues raised in the discussions were summarized below:

· E-UTRA DL cell coverage in 2TX configurations in LTE would be smaller than UTRA DL cell coverage due to the following reasons.

· Reason 1. DL RS power boosting in E-UTRA is limited to ~ 3 dB in order to meet out-of-band emission requirements, such as ACLR and SEM. It is noted that CPICH TX power adjustments in UTRA is much more flexible than DL RS power boosting in E-UTRA.

· Reason 2. UE uses only the cell-specific reference signals R0 for RSRP measurements and the transmission power of the cell-specific reference signals R0 is reduced by half in 2TX configurations.

In order to mitigate the above E-UTRA DL cell coverage problem, we proposed that UE should use both cell-specific reference signals R0 and R1 for at least the serving cell RSRP measurements. It is noted that this modification could improve the service quality of E-UTRA to some extent without heavy burden on UE complexity, because UE has the information about the TX configurations for the serving cell.

After intensive discussions during the meeting, however, it was not agreed. One of the comments raised by some companies was that performance gain due to using both R0 and R1 would be unclear and simulation studies would be needed.
This contribution provides our simulation results on RSRP measurement accuracy when both R0 and R1 are used for RSRP measurements, and proposes the way forward on this issue.
2
Simulation results
2.1
Simulation assumptions

Table 1 presents the simulation parameters. 

Table 1: Simulation parameters for inter-frequency measurement performance
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	The minimum performance requirements for RSRP measurement accuracy are based on 6 resource blocks.

	Channel bandwidth
	50 resource blocks (10 MHz)
	

	Minimum RSRP L1 measurement period
	200 ms
	

	Measurement sampling rate
	4 samples per 200 ms
	Details is implementation specific

	L3 filtering
	Off
	

	Transmit antenna
	2
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	DRX/DTX
	OFF
	

	Propagation conditions and Doppler frequency
	AWGN, EPA5, and ETU70
	

	Ioc
	AWGN
	

	Ior/Ioc
	-6 dB
	The minimum values for Ior/Ioc is -6 dB in the performance requirements for RSRP measurement accuracy.


2.2 RSRP measurement accuracy
From a mobility point of view, the effects of Rayleigh fading should be removed and only shadow fading should be taken into account in the RSRP measurements in order to avoid ping-pong problems. In this section, the RSRP measurement accuracy was evaluated based on difference between 5%-ile measured RSRP and 95%-ile measured RSRP. The smaller difference would be observed, the better accuracy could be achieved.

Figure 1 and 2 present the measured RSRP difference for AWGN and fading conditions (EPA5 and ETU70), respectively. “R0” means the case in which RSRP is measured using only R0, and “R0+R1” means the case in which RSRP is measured using both R0 and R1. The CDF data for the measured RSRP are shown in Annex A. Findings are summarized as follows:
· In AWGN conditions, RSRP measurement accuracy would be degraded as the Es/N0 would decrease for both “R0” and “R0+R1.” “R0+R1” case could provide better measurement accuracy than “R0” case in all Es/N0 values. As indicated in red line, if UE would use both R0 and R1 for RSRP measurements, the minimum RSRP values, in which UE could make accurate measurements, could be decreased by 4~5 dB assuming that UE achieve the same accuracy between “R0” and “R0+R1.”
· In fading conditions, RSRP measurement accuracy would be degraded as the Es/N0 would increase, because Rayleigh fading would play a big role when the Es/N0 values increase. In fading conditions as well as AWGN conditions, “R0+R1” case could provide better measurement accuracy than “R0” case in all Es/N0 values.
· From the above observations, it is quite clear that using both R0 and R1 for RSRP measurements could provide better RSRP measurement accuracy, and there would be significant gain due to modifying the current RSRP definition.
[image: image1.emf]AWGN

0

0.5

1

1.5

2

-12 -10 -8 -6 -4 -2 0

Es/N0 [dB]

Difference

AWGN, R0

AWGN, R0+R1


Figure 1 RSRP measurement accuracy (AWGN)
[image: image2.emf]Fading model (EPA5, ETU70)
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Figure 2 RSRP measurement accuracy (EPA5, ETU70)
Therefore, we again propose that we should modify the definition of RSRP measurements in TS 36.214 as follows: 
Proposal 1: UE should use R1 in addition to R0 to determine RSRP for the serving cell RSRP determination. 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

5.1.1 Reference Signal Received Power (RSRP)
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP. For the serving cell RSRP determination, UE shall use R1 in addition to R0 to determine RSRP.
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Regarding Release issues, we believe that it could be included in Release 8, because it would have small impacts from UE complexity point of view and better measurement accuracy could be achieved for the serving cell RSRP measurements. 
3
Conclusions
In this contribution, we provided simulation results for RSRP measurement accuracy when both R0 and R1 are used for RSRP measurements. The results indicated that using both R0 and R1 for RSRP measurements could achieve better measurement accuracy than using only R0. Therefore, we again proposed that we should modify the definition of RSRP measurements in TS 36.214 so that UE shall use both R0 and R1 for the serving cell RSRP measurements. It is also proposed that such modifications should be included in Release 8 because the impact on UE implementation would be negligible.

If the proposal is agreeable, NTT DOCOMO is happy to draft LS so that RAN4 could inform RAN1 of such modifications.
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Annex A. CDF data for measured RSRP
Table 1, 2, and 3 present the summary of the CDF data for AWGN, EPA5, and ETU70, respectively. Figure 3, 4, and 5 provides CDF data for AWGN, EPA5, and ETU70, respectively.
Table 1 AWGN

	
	R0
	R0 + R1

	
	5%-ile
	95%-ile
	Difference
	5%-ile
	95%-ile
	Difference

	-10
	2.5
	4.4
	1.9
	2.8
	4.1
	1.3

	-8
	1.5
	3.3
	1.8
	1.8
	3.1
	1.3

	-6
	0.9
	2.5
	1.6
	1.1
	2.2
	1.1

	-4
	0.4
	1.8
	1.4
	0.6
	1.6
	1

	-2
	0.1
	1.3
	1.2
	0.3
	1.1
	0.8


Table 2 EPA5

	
	R0
	R0 + R1

	
	5%-ile
	95%-ile
	Difference
	5%-ile
	95%-ile
	Difference

	-10
	1.3
	5.7
	4.4
	1.9
	5.1
	3.2

	-8
	-0.2
	5.1
	5.3
	0.5
	4.4
	3.9

	-6
	-1.7
	4.7
	6.4
	-0.7
	3.9
	4.6

	-4
	-2.9
	4.4
	7.3
	-1.7
	3.5
	5.2

	-2
	-3.9
	4.2
	8.1
	-2.5
	3.2
	5.7


Table 3 ETU70

	
	R0
	
	
	R0 + R1
	
	

	
	5%-ile
	95%-ile
	Difference
	5%-ile
	95%-ile
	Difference

	-10
	1.6
	4.8
	3.2
	2.1
	4.4
	2.3

	-8
	0.2
	3.9
	3.7
	0.9
	3.5
	2.6

	-6
	-0.9
	3.3
	4.2
	-0.2
	2.8
	3

	-4
	-1.9
	2.9
	4.8
	-1
	2.4
	3.4

	-2
	-2.6
	2.6
	5.2
	-1.6
	2
	3.6
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[image: image4.emf]AWGN, Ior/Ioc = -8 dB
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[image: image5.emf]AWGN, Ior/Ioc = -6 dB
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[image: image6.emf]AWGN, Ior/Ioc = -4 dB
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[image: image7.emf]AWGN, Ior/Ioc = -2 dB
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Figure 3 AWGN
[image: image8.emf]EPA5, Ior/Ioc = -10 dB
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[image: image9.emf]EPA5, Ior/Ioc = -8 dB
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[image: image10.emf]EPA5, Ior/Ioc = -6 dB
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[image: image11.emf]EPA5, Ior/Ioc = -4 dB
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[image: image12.emf]EPA5, Ior/Ioc = -2 dB
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Figure 4 EPA5
[image: image13.emf]ETU70, Ior/Ioc = -10 dB
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[image: image14.emf]ETU70, Ior/Ioc = -8 dB
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[image: image15.emf]ETU70, Ior/Ioc = -6 dB

0

0.2

0.4

0.6

0.8

1

-2 0 2 4 6

Measured RSRP normalized average ideal RSRP (dB)

CDF

6 RBs (only R0)

6 RBs (R0 and R1)


[image: image16.emf]ETU70, Ior/Ioc = -4 dB
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[image: image17.emf]ETU70, Ior/Ioc = -2 dB
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Figure 5 ETU70
