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1. Background
The RSRP measurement requirements are being defined in TS 36.133 [1]. The measurement quantity will be reported for up to certain range. This paper derives the reporting range of RSRP and some thoughts also on the range of RSRP over which the guaranteed accuracy requirements should be specified. 

2. Derivation of Reporting Range
The RSRP shall be reported between certain minimum and maximum values. They are derived in the following sections:
2.1 Minimum Reportable Level

Let RSRPmin be the lowest RSRP that can be measured by the UE. Therefore UE should be able to report RSRP up to this level (RSRPmin). The level is derived as follows:

Let noise power (PN) within bandwidth ‘B’ at a point where the measurement is carried out is expressed as:
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Where:

NF: Noise figure = 7 dB

K: Boltzmann constant = 1.380 6504 x 10−23 JK-1
T: Temperature = 290 0K

B: Bandwidth of one sub-carrier = 15 KHz; RSRP is measured on resource element level (i.e. resource element containing the reference symbols) and the reported quantity is the average of all contributions. 
Using the above assumptions: PN = -125.2 dBm. RSRP is the received power of reference symbols measured by the UE at a certain geometry factor. Therefore RSRP can be transformed from PN according to the following expression:
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Where 
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is the lowest geometry factor for which RSRP could be reported and is assumed to be -8 dB; note the RSRP measurement accuracy is being defined for geometry factor up to -6 dB.
Using transformation according to (2): RSRPmin = -133.2 dBm
Based on the above analysis the RSRP can be reported up to the lowest level of -133 dBm. 

From network perspective it is beneficial to have large RSRP reportable value. This will enable network to keep the UE in a cell especially in idle mode as long as it can detect the serving cell.

2.2 Maximum Reportable Level

The maximum input level for the UE is -25 dBm for all bands [4]. This corresponds to the total received power (Îor). But RSRP is measured only on the reference symbols, which constitute only fraction of total power. Therefore the maximum RSRP should be the fraction of maximum input level. Furthermore RSRP is defined as the received power per resource element containing the reference symbols. Therefore the maximum RSRP for shortest measurement bandwidth (6 RB) can be derived as follows:

Maximum RSRP = Maximum input level + 10log10(1/72)

Maximum RSRP = -25 - 18.57 [dBm] ( -44 dBm
Therefore maximum reportable RSRP should be: -44 dBm
2.3 Range with guaranteed measurement accuracy
The RSRP accuracy becomes worse at lower geometry factors when reported RSRP level is also very low. An implementation margin is to be added to the lowest reportable RSRP to obtain the corresponding RSRP with guaranteed accuracy requirements. This is typically dependent upon the frequency band as specified for RSCP in WCDMA [3]; e.g. guaranteed accuracy up to RSCP = -114 dBm for band I (2 GHz) whereas the reporting range up to -120 dBm (i.e. margin = 6 dB for band I).
3 Proposal

Based on the analysis and arguments provided in this document the RSRP reporting range is suggested to be specified between -44 dBm to -133 dBm. A text proposal is provide for a new section 9.1.x (9.1.4) in TS 36.133 [2]. 

If the proposal is acceptable then we suggest LS is sent to RAN2 so that corresponding RRC signalling is defined in the RRC specification (TS 36.331).   
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----------------------START OF TEXT PROPOSAL --------------------------
9.1.2
Intra-frequency RSRP Accuracy Requirements

9.1.2.1
Absolute RSRP Accuracy
The absolute accuracy of RSRP is defined as the RSRP measured from a cell on the same frequency as that of the serving cell.
The accuracy requirements in table 9.1.2.1-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

RSRP|dBm( [TBD] dBm for Bands [TBD] 

Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Bands

	
	
	
	
	Io

	RSRP for Îor/Ioc ( -6 dB
	dBm
	TBD 
	TBD
	TBD


9.1.2.2
Relative Accuracy of RSRP

The relative accuracy of RSRP is defined as the RSRP measured from one cell compared to the RSRP measured from another cell on the same frequency.
The accuracy requirements in table 9.1.2.2-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

RSRP1,2|dBm( [TBD] dBm for Bands [TBD] 
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Table 9.1.2.2-1: RSRP Intra frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions

	
	
	Normal condition
	Extreme condition
	Bands

	
	
	
	
	Io

	RSRP for Îor/Ioc > -3 dB
	dBm
	( [2] 
	TBD
	TBD

	RSRP for Îor/Ioc ≥ -6 dB
	dBm
	( [3] 
	TBD
	TBD


9.1.3
Inter-frequency RSRP Accuracy Requirements
9.1.x
RSRP Measurement Report Mapping
The reporting range of RSRP is defined from -133 dBm to -44 dBm with 1 dB resolution.

The mapping of measured quantity is defined in table 9.1.x-1. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.1.x-1: RSRP measurement report mapping
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -133
	dBm

	RSRP_01
	-133 ( RSRP < -132
	dBm

	RSRP_02
	-132 ( RSRP < -131
	dBm

	…
	…
	…

	RSRP_88
	-46 ( RSRP < -45
	dBm

	RSRP_89
	-45 ( RSRP < -44
	dBm

	RSRP_90
	-44 ( RSRP
	dBm


------------------------END OF TEXT PROPOSAL-----------------------
















































3GPP


_1267720592.unknown

_1267720606.unknown

_1267700995.unknown

_1263646248.unknown

