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1.
Introduction

The aim of this document is to discuss the assumptions on RS reception performance, as well as to address the some of the corresponding RSRP and RSRQ measurement definitions in the current version of TS36.214.
2.
Discussion
2.1
Reference receiver for minimum RS reception performance
The question on whether RS reception performance shall be able to assume a reference receiver for 2 Rx antennas at the UE has been raised a number of times in RAN WG4 over the last year. Already we have agreed that for BCH, RS reception performance assumes a 2 Rx reference receiver in the UE in both RRC IDLE and RRC CONNECTED state. From an operator viewpoint of course it would seem to help extend cell coverage and/or maximise the available cell power for traffic channels if we could rely on RS reception with 2 Rx antennas. It would make sense if there was some concrete agreement on a way forward on this issue, so that operators know what the baseline assumption should be for their LTE networks.

2.2 RSRP and RSRQ measurement definitions

Another reason for making some concrete agreements on the assumptions is because the RSRP and RSRQ measurement definitions (shown below) for RRC CONNECTED and RRC IDLE state respectively in TS36.214 will need to be updated. 
For RSRQ the required UE behaviour is currently un-defined with respect to the use of multiple receive antennas. 
For the corresponding scenario for RSRP, the definition seems to align with the “old” assumption that was used for UMTS. In Release 7 these definitions were proposed to be updated by RAN WG4, such that cell coverage would not be reduced for the multiple receive antenna UE – in the case that the downlink receive antennas have unequal efficiency. 
Therefore, in order that LTE does not take a backward step with respect to UMTS, it would make sense that as a minimum, the LTE measurement definitions for RSRP and RSRQ are updated to be aligned with the CPICH RSCP and Ec/No definitions of UMTS (also copied below). Once this is done, performance requirements for RSRQ need to be defined and specified.
------------------------------------------------------------------------------------------------------------------------------------------------

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.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches. 

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

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
5.1.3

Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the total received power observed over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. [VF comment: lack of definition for receiver diversity scenario!]

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5.1.4
UTRA FDD CPICH RSCP

	Definition
	Received Signal Code Power, the received power on one code measured on the Primary CPICH. The reference point for the RSCP shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together in [W] to a total received code power on the Primary CPICH. If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CPICH RSCP of any of the individual receive antenna branches.

	Applicable for
	RRC_IDLE inter-RAT,
RRC_CONNECTED inter-RAT


5.1.5
UTRA FDD carrier RSSI
	Definition
	The received wide band power, including thermal noise and noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. The reference point for the measurement shall be the antenna connector of the UE. If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding UTRA carrier RSSI of any of the individual receive antenna branches.

	Applicable for
	RRC_IDLE inter-RAT,
RRC_CONNECTED inter-RAT


5.1.6
UTRA FDD CPICH Ec/No

	Definition
	The received energy per chip divided by the power density in the band. If receiver diversity is not in use by the UE, the CPICH Ec/No is identical to CPICH RSCP/UTRA Carrier RSSI. Measurement shall be performed on the Primary CPICH. The reference point for the CPICH Ec/No shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No. If receiver diversity is in use by the UE, the measured CPICH Ec/No value shall not be lower than the corresponding CPICH RSCPi/UTRA Carrier RSSIi of receive antenna branch i .

	Applicable for
	RRC_IDLE inter-RAT,
RRC_CONNECTED inter-RAT


3
Conclusion
It is proposed that:

1) Concrete agreements on the required reference receiver for the UE RS reception performance are made.

2) The RSRP and RSRQ measurement definitions in TS36.214 are updated and finalised at least to align with UTRAN with respect to the Rx diversity scenario.
3) The RSRQ measurement performance requirements need to be defined and specified.
Annex  
Proposed updated definitions

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.
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 receive antenna branches.

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

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

5.1.3

Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the total received power observed over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

If receiver diversity is in use by the UE, the reported E-UTRA RSSI value shall not be lower than the corresponding measured E-UTRA carrier RSSI value of any of the individual receive antenna branches, and the measured RSRQ value shall not be lower than the corresponding RSRPi /E-UTRA Carrier RSSIi of receive antenna branch i. 

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency
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