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1
Introduction
In this contribution we propose absolute accuracy requirements for intra-frequency and inter-frequency UE RSRP measurements. We also discuss aspects that need to be considered when defining relative inter-frequency RSRP accuracy requirements and propose relative inter-frequency RSRP requirements. In the document we also discuss and propose RSRP requirement conditions. 
Text proposal to TS36.133 is included in Section 6.
2
Absolute RSRP Accuracy Requirements
RAN4 has already agreed tentative figures for relative intra-frequency RSRP measurement accuracies in TS36.133. In relative intra-frequency RSRP measurement accuracy we did not need to consider uncertainties caused e.g. by UE RF parts, temperature drifts etc. as they are cancelled out in relative intra-frequency RSRP measurements. However, for absolute accuracy requirements these aspects are essential. 

We know from the UTRA CPICH RSRP accuracy requirements that measurement inaccuracies caused by RF non-idealities are quite large compared to inaccuracies caused by baseband and seen in relative intra-frequency RSRP measurement accuracies. We see that measurement inaccuracies caused by RF in E-UTRA are rather similar to the ones of UTRA. Therefore the absolute accuracy requirements for RSRP should also be rather similar to the absolute accuracy requirements of UTRA as proposed in the text proposal of Section 6. 

3
Relative Inter-frequency RSRP Accuracy Requirements
Relative inter-frequency RSRP accuracy requirements differ mainly from the corresponding relative intra-frequency RSRP accuracy requirements with Io levels on two carrier frequencies used in the comparison. Theoretically some differences in RSRP measurements could also be observed due to different measurement time instants but here we assume that temperatures etc. do not normally drift that fast. Naturally such sudden temperature changes should not be considered in UE testing either in order to avoid unnecessary relaxed requirements caused by sudden temperature changes etc. 

In intra-frequency case Io-level remains more or less unchanged when UE measures and compares RSRP levels of different intra-frequency cells. However, different carrier frequency may have very different Io levels due to different deployment scenarios, loading situation etc. Therefore in case of relative inter-frequency RSRP accuracy requirements there are more uncertainties present in the measurement that in case of relative intra-frequency RSRP comparisons. However, both in the intra-frequency and inter-frequency case it could be assumed that temperature does not vary much between measurements used in the comparison. This improves the accuracy requirements compared to the absolute accuracy requirements as temperature affects absolute measured power levels. Therefore inter-frequency relative accuracy is slightly better than the inter-frequency absolute accuracy, but clearly worse than the intra-frequency relative accuracy.
4
RSRP accuracy requirement conditions

To complete the RSRP accuracy requirements also the conditions need to be agreed. Earlier minimum level for the Îor/Ioc has been agreed, but in addition to this also levels and ranges for RSRP and Io would need to be agreed. Furthermore some ambiguity exists in RSRP measurement quantity. 

Îor/Ioc minimum level

As noted, the Îor/Ioc minimum levels for required accuracies have already been agreed for intra-frequency conditions. Ioc definition has not yet been set in 36.133, but it would seem most feasible to keep it constant with the 25.133 definition, facilitating the introduction of new requirements. Thus it would seem most straight forward to define Ioc to consist of noise, modelling the interference of other cells which are not defined in test. However as by definition intra-frequency accuracy case needs to contain two cells on the same frequency, defining the minimum signal-to-interference-and-noise ratio, SNIR, of RSRP as Îor/Ioc might be misleading due to the Ioc definition. The SNIR of RSRP is naturally affected by the other interfering cell(s). Therefore some changes should be considered to the Îor/Ioc limit given for RSRP. Two options can be envisioned. One option is to omit the current approach and replaced it by for example SNIR limit (exact definition to be added). Alternative approach is to add component to Îor/Ioc in case of intra-frequency relative accuracy to indicate the impact of the other cell (from which either RSRP1 or RSRP2 is measured). The limit could be changed for example to Îor/(Ioc+ Iic), where Iic would include the interference seen from other cells (not contributing “constructively” to the measurement in question) present in the test. Neither of these approaches is included in TP, but an editor’s noted is added to imply the need for clarification. It is seen that it would be beneficial that the naming of the definitions would be done in a concise manner.
RSRP definition

In 36.214 the RSRP is defined as “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.” Thus RSRP is the received RS power per resource element. However it is not clear whether the RSRP power should be understood as the energy received during one RE excluding the CP energy or including it. Impact of the CP exclusion is of course dependent on the CP length, which varies for example for different symbols of a sub-frame in case of normal cyclic prefix. Thus accounting also the possibility to have different CP lengths (normal/extended) it would seem useful to define RSRP power independent of these. Thus setting the RSRP power to correspond to the linear average of resource element energy that carry cell-specific reference signals within the considered measurement frequency bandwidth excluding the CP over the N*Ts, where N equals 2048 for 
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RSRP and Io levels
In E-UTRA we have several different BW options and therefore setting the conditions require some changes compared to UTRA. These conditions mainly relate to RSRP and Io levels. The RSRP is defined in TS36.214 as linear average power of the resource elements carrying the cell specific reference signals within the considered measurement bandwidth. Thus it can be expressed as per sub-carrier bandwidth (15kHz) and be seen to be channel bandwidth agnostic. The setting the minimum level for RSRP relates to the agreed Îor/Ioc range and accuracy of UE RF parts. Thus as the thermal noise floor is at -123dB/15kHz (assuming NF=9dB as in sensitivity) the minimum level, accounting the agreed limit of Îor/Ioc could in theory be set to -129dBm/15kHz. Some relaxation to this number could be considered due to implementation impairments, thus value of -127dBm is proposed for Band I. The maximum difference between the RSRP levels in case of relative accuracy should be further considered, but depending on the final definition of RSRP SNIR, these could be derived from minimum Îor/Ioc level and maximum Io level difference. 
The Io conditions for UTRA CPICH accuracy requirements are as [dBm/3.84 MHz]. It would be attractive to set the Io definition in a bandwidth agnostic manner as well. Thus it would seem most straight forward and informative to use similar approach as for RSRP. In the text proposal given in this contribution bandwidth of 15kHz has been used to set the Io level. This requires the Io level to be adjusted to match to the actual the channel bandwidth as the reference point is set to the UE antenna port. Setting the range for Io also relates to UE RF parts and therefore the achievable accuracy. The lower Io range could be determined based on the noise floor and minimum RSRP level. Thus based on the values noted above the minimum Io level could be set to correspond to the combined value of thermal noise floor and wanted signal, assuming constant EPRE across the system bandwidth for the wanted signal, resulting level of -121dBm/15kHz for Band I. This would scale naturally for different bandwidth options. Furthermore in a similar manner as for UTRA, the requirement is proposed to be split in two parts based on the Io level due to limitations in practical RF accuracy. However these levels cannot be as straight forwardly be set as the Io lower level. As the maximum input level requirement in 36.101 is set to be common for all channel bandwidths it could similarly be considered that the maximum Io level and splitting accuracy requirement could be set in a similar manner, thus assuming a common Io level for different channel bandwidth options. Similarly as for UTRA it is also seen unnecessary to extend the accuracy requirement beyond Io of -50dBm. For intra-frequency relative accuracy the difference in the Io levels of different frequencies is proposed to be limited to 20dB due to RF inaccuracies.
5
Conclusions
Based on the discussions in the previous section we propose RSRP accuracy requirements for TS36.133 in the following section. In addition initial proposal for the requirement conditions has been made. Furthermore a need to clarify the RSRP definition is identified. 
6
Proposed changes to TS36.133

--- Beginning of Section ----
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( [-127] dBm for Bands [I]
Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1
	

	
	
	Normal condition
	Extreme condition
	Bands I, …
	Bands

	
	
	
	
	Io

	Io


	RSRP for Îor/Ioc ( -6 dB
	dBm
	([6] 
	([9]
	[-121dBm/15kHz...-70dBm] 
	TBD

	RSRP for Îor/Ioc ( -6 dB
	dBm
	([8] 
	([11]
	[-70dBm…-50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


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( [127] dBm for Bands [I] 
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Table 9.1.2.2-1: RSRP Intra frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1
	

	
	
	Normal condition
	Extreme condition
	Bands I,..
	Bands

	
	
	
	
	Io
	Io

	RSRP for Îor/Ioc > -3 dB
	dBm
	( [2] 
	( [3] 
	[-121dBm/15kHz...-70dBm] 
	TBD

	RSRP for Îor/Ioc ≥ -6 dB
	dBm
	( [3] 
	( [3]
	[-70dBm…-50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


[Editor’s note: Definition of RSRP signal-to-interference-and-noise-ratio should clarified for intra-frequency relative accuracy]
9.1.3
Inter-frequency RSRP Accuracy Requirements

9.1.3.1
Absolute RSRP Accuracy
The absolute accuracy of RSRP is defined as the RSRP measured from a cell that has different carrier frequency from the serving cell.
The accuracy requirements in table 9.1.3.1-1 are valid under the following conditions:

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

RSRP|dBm( [127] dBm for Bands [I] 
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Table 9.1.3.1-1: RSRP Inter frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Band I, …s
	Bands

	
	
	
	
	Io
	Io

	RSRP for Îor/Ioc ( -6 dB
	dBm
	( [6] 
	( [9]
	[-121dBm/15kHz...-70dBm] 
	TBD

	RSRP for Îor/Ioc ( -6 dB
	dBm
	( [8] 
	( [11]
	[-70dBm…-50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


9.1.3.2
Relative Accuracy of RSRP

The relative accuracy of RSRP in inter frequency case is defined as the RSRP measured from one cell compared to the RSRP measured from another cell on a different 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|dBm ( [127] dBm if RSRP1 is on Band [I],
…
RSRP2|dBm ( [127] dBm if RSRP2 is on Bands [I],
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Table 9.1.2.2-1: RSRP Inter frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands
	Bands

	
	
	
	
	Io
	Io

	RSRP for Îor/Ioc > -[6]dB
	dBm
	([6] 
	([6]
	[-121dBm/15kHz…-50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


--- End of Section ----
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