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Modified Subclause
[bookmark: _Toc398111362][bookmark: _Toc398111382]1	Scope
The present document contains the description and definition of the measurements performed by E-UTRAN or the UE  that are transferred over the standardised interfaces in order to support E-UTRA radio link operations, radio resource management (RRM), network operations and maintenance (OAM), mimization of drive tests (MDT) and self-organising networks (SON).
[bookmark: _Toc398111363]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
· For a specific reference, subsequent revisions do not apply.
· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA) Medium Access Control (MAC) protocol specification ".
[3]	3GPP TS 36.322: "Evolved Universal Terrestrial Radio Access (E-UTRA) Radio Link Control (RLC) protocol specification".
[4]	3GPP TS 36.323: "Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data Convergence Protocol (PDCP) specification".
[5]	3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control Protocol (RRC) specification".
Next Modified Subclause
4 Layer 2 measurements
4.1 E-UTRAN measurements performed by the eNB
4.1.4 Packet Delay
[bookmark: _Toc398111381]4.1.4.1	Packet Delay in the DL per QCI
The objective of this measurement is to measure L2 Packet Delay for OAM performance observability or for QoS verification of MDT.
If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UEs and for packets transmitted between the eNB and RNs.
Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Delay in the DL per QCI. This measurement refers to packet delay for DRBs. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. The measurement is done separately per QCI.
Detailed Definition:

,where
explanations can be found in the table 4.1.4.1-1 below.



Table 4.1.4.1-1
	

	
Packet Delay in the DL per QCI, averaged during time period . Unit: Integer ms.

	

	
The point in time when PDCP SDU  arrives. 

	

	The point in time when the last piece of PDCP SDU i was received by the UE according to received HARQ feedback information. 

	

	
A PDCP SDU that arrives at the PDCP upper SAP during time period . PDCP SDU for which HARQ acknowledgement is not received for all parts shall not be included in the calculation. 

	

	
Total number of PDCP SDUs  .

	

	Time Period during which the measurement is performed



4.1.5	Data Loss
[bookmark: _Toc398111384]4.1.5.2	Packet Uu Loss Rate in the DL per QCI
The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability or QoS verification of MDT.
.If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UE and for packets transmitted between the eNB and RNs.
Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Uu Loss Rate in the DL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. The measurement is done separately per QCI.  
Detailed Definition:

, where
explanations can be found in the table 4.1.5.2-1 below.



NOTE 1:	Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement. 
NOTE 2:	In case the measurement is used with small time periods, e.g. fraction of minute for MDT, it is not expected that the result will reflect PELR. 
Table 4.1.5.2-1
	

	Packet Uu Loss Rate in the DL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

Number of DL packets, of a data radio bearer with QCI = , for which at least a part has been transmitted over the air but not positively acknowledged, and it was decided during time period  that no more transmission attempts will be done. If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Number of DL packets, of a data radio bearer with QCI = , which has been transmitted over the air and positively acknowledged during time period . 

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE 1, NOTE 2).





[bookmark: _Toc398111385]4.1.5.3	Packet Loss Rate in the UL per QCI
The objective of this measurement is to measure packets that are lost in the UL, for OAM performance observability or QoS verification of MDT.
If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UE and for packets transmitted between the eNB and RNs.
Protocol Layer: PDCP
	Definition
	Packet Loss Rate in the UL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. Reference point is the PDCP upper SAP. The measurement is done separately per QCI.
Detailed Definition:

, where
explanations can be found in the table 4.1.5.3-1 below.



NOTE 1:	Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement.
NOTE 2:	In case the measurement is used with small time periods, e.g. fraction of minute for MDT, it is not expected that the result will reflect PELR. 

Table 4.1.5.3-1
	

	Packet Loss Rate in the UL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

Number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer with QCI = during time period . If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer with QCI = , starting from the sequence number  of the first packet delivered by PDCP upper SAP to higher layers until the sequence number of the last packet during time period .  

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE 1,NOTE 2).





4.2 E-UTRAN measurements performed by the UE
4.2.1 Packet Delay
4.2.1.1 UL PDCP Packet Delay per QCI
The objective of this measurement performed by UE is to measure Excess Packet Delay Ratio in Layer PDCP for QoS verification of MDT.
Protocol Layer: RLC, PDCP
	Definition
	PDCP Packet Delay in the UL per QCI. This measurement refers to packet delay for DRBs, which captures the delay from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC. The measurement is done separately per QCI.

Detailed Definition:

,where
explanations can be found in the table 4.2.1.1-1 below.



Table 4.2.1.1-1
	

	Ratio of packets in UL per QCI exceeding the configured delay threshold among the UL PDCP SDUs transmitted.

	

	
Number of PDCP SDUs of a data radio bearer with QCI = ,for which ULdelay exceeded the configured delayThreshold as defined in TS36.331 [5] during the time period T.

	

	
Number of PDCP SDUs of a data radio bearer with QCI = , for which at least a part of SDU was transmitted during the time period T.

	
	
Queueing delay observed at the UE PDCP layer from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC, the packet belongs to a data radio bearer with QCI = .

	

	
The point in time when the PDCP SDU i of a data radio bearer with QCI =was delivered to lower layers. 

	

	
The point in the time when the PDCP SDU i of a data radio bearer with QCI =  arrives at PDCP upper SAP.

	

	
Index of PDCP SDU that arrives at the PDCP upper SAP during time period . 

	

	Time period during which the measurement is performed.


4.2.1.1.1 Measurement report mapping for PDCP SDU queuing delay
UL PDCP SDU queuing delay shall be measured according to configuration as defined in TS36.331 [5].
The UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the total number of SDUs received by the UE during the measurement period.
The reported excess PDCP queuing delay ratio is mapped to 32 with the quantities ranging between 0.079% to 100% with uniform quantization in log domain.
The mapping of measured quantity is defined in Table 4.2.1.1.1-1. 
Table 4.2.1.1.1-1: EXCESS DELAY RATIO measurement report mapping (5 –bit value)

	Reported value
	Measured quantity value
	Unit

	EXCESS DELAY RATIO_00
	EXCESS DELAY RATIO < 0,079
	%

	EXCESS DELAY RATIO_01
	0,079 < EXCESS DELAY RATIO < 0,100
	%

	EXCESS DELAY RATIO_02
	0,100 < EXCESS DELAY RATIO < 0,126
	%

	EXCESS DELAY RATIO_03
	0,126 < EXCESS DELAY RATIO < 0,158
	%

	EXCESS DELAY RATIO_04
	0,158 < EXCESS DELAY RATIO < 0,199
	%

	EXCESS DELAY RATIO_05
	0,199 < EXCESS DELAY RATIO < 0,251
	%

	EXCESS DELAY RATIO_06
	0,251 < EXCESS DELAY RATIO < 0,316
	%

	EXCESS DELAY RATIO_07
	0,316 < EXCESS DELAY RATIO < 0,398
	%

	EXCESS DELAY RATIO_08
	0,398 < EXCESS DELAY RATIO < 0,501
	%

	EXCESS DELAY RATIO_09
	0,501 < EXCESS DELAY RATIO < 0,631
	%

	EXCESS DELAY RATIO_10
	0,631 < EXCESS DELAY RATIO < 0,794
	%

	EXCESS DELAY RATIO_11
	0,794 < EXCESS DELAY RATIO < 1,000
	%

	EXCESS DELAY RATIO_12
	1,000 < EXCESS DELAY RATIO < 1,259
	%

	EXCESS DELAY RATIO_13
	1,259 < EXCESS DELAY RATIO < 1,585
	%

	EXCESS DELAY RATIO_14
	1,585 < EXCESS DELAY RATIO < 1,995
	%

	EXCESS DELAY RATIO_15
	1,995 < EXCESS DELAY RATIO < 2,511
	%

	EXCESS DELAY RATIO_16
	2,511 < EXCESS DELAY RATIO < 3,161
	%

	EXCESS DELAY RATIO_17
	3,161 < EXCESS DELAY RATIO < 3,980
	%

	EXCESS DELAY RATIO_18
	3,980 < EXCESS DELAY RATIO < 5,011
	%

	EXCESS DELAY RATIO_19
	5,011 < EXCESS DELAY RATIO < 6,309
	%

	EXCESS DELAY RATIO_20
	6,309 < EXCESS DELAY RATIO < 7,943
	%

	EXCESS DELAY RATIO_21
	7,943 < EXCESS DELAY RATIO < 10,00
	%

	EXCESS DELAY RATIO_22
	10,00 < EXCESS DELAY RATIO < 12,589
	%

	EXCESS DELAY RATIO_23
	12,589 < EXCESS DELAY RATIO < 15,849
	%

	EXCESS DELAY RATIO_24
	15,849 < EXCESS DELAY RATIO < 19,953
	%

	EXCESS DELAY RATIO_25
	19,953 < EXCESS DELAY RATIO < 25,119
	%

	EXCESS DELAY RATIO_26
	25,119 < EXCESS DELAY RATIO < 31,623
	%

	EXCESS DELAY RATIO_27
	31,623 < EXCESS DELAY RATIO < 39,811
	%

	EXCESS DELAY RATIO_28
	39,811 < EXCESS DELAY RATIO < 50,119
	%

	EXCESS DELAY RATIO_29
	50,119 < EXCESS DELAY RATIO < 63,096
	%

	EXCESS DELAY RATIO_30
	63,096 < EXCESS DELAY RATIO < 79,433
	%

	EXCESS DELAY RATIO_31
	79,433 < EXCESS DELAY RATIO < 100
	%
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