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[bookmark: _Toc34761043]Foreword
This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: _Toc34761044]
1	Scope
The present document contains the description and definition of the measurements performed by NR or the UE that are transferred over the standardised interfaces in order to support NR radio link operations, radio resource management (RRM), network operations and maintenance (OAM), minimization of drive tests (MDT) and self-organising networks (SON). 
Only the differences relative to TS 28.552 v16.2.0 [2] are specified in this specification.
[bookmark: _Toc34761045]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 28.552 v16.2.0: "5G performance measurements".
[3]	3GPP TS 38.331 v16.0.0: " Radio Resource Control (RRC) protocol specification".
[bookmark: _Toc34761046]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc34761047]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
Void
[bookmark: _Toc34761048]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>
Void
[bookmark: _Toc34761049]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ACRONYM>	<Explanation>
Void
[bookmark: _Toc527969756][bookmark: _Toc23029790][bookmark: _Toc22986229][bookmark: _Toc22987257][bookmark: _Toc34761050]4	Layer 2 measurements
All the per DRB per cell measurements and per DRB per UE measurements can be aggregated into per QoS level per cell by network implementation. Per QoS level refers to per mapped 5QI for NR SA or per QCI for EN-DC.	Comment by Intel: Do we normally capture network implementation in the spec?	Comment by CMCC_2: Here is my understanding,
1)This sentence is agreed to capture in spec in RAN2#109e, so I suppose companies all support on the intention. The wording can be optimized.
2)Since most of the measurement captured in 38.314 are performed by network side without impact on UE, I think it would not be a problem saying like this. In practice, network side always needs to aggregate the specified per DRB per UE measurement into per QoS level per cell by implementation, this sentence is a guidance for that.
3)Besides, I notice that in 36.314 LTE L2 measurement spec, there is also similar sentence captured ‘It is up to the eNB implementation how to calculate P(T)’.
	Comment by ZTE-RAN2-109e: We share the same view as CMCC this is needed. Also we think clarification on what’s QoS level is needed, e.g. add “per QoS level means per mapped 5QI for NR SA or per QCI for EN-DC.”
[bookmark: _Toc22987258][bookmark: _Toc22986230][bookmark: _Toc23029791][bookmark: _Toc34761051]4.1	NR measurements performed by the gNB
[bookmark: _Toc518704828][bookmark: _Toc23029792][bookmark: _Toc22986231][bookmark: _Toc22987259][bookmark: _Toc34761052]4.1.1	Measurements valid for all gNB deployment scenarios
[bookmark: _Toc534931548][bookmark: _Toc22987260][bookmark: _Toc22986232][bookmark: _Toc23029793][bookmark: _Toc34761053]4.1.1.1	 Received Random Access Preambles
[bookmark: _Toc34761054]4.1.1.1.1	Received Random Access Preambles per cell
A use case for this measurement is RACH configuration optimization, where Received Random Access Preambles is signalled across an OAM interface.
Protocol Layer: MAC
	Definition
	Received Random Access Preambles per cell. This measurement is applicable to PRACH. The reference point is the Service Access Point between MAC and L1. The measured quantity is the number of received Random Access preambles during a time period over all PRACHs configured in a cell. The measurement is done separately for:
-	Dedicated preambles
-	Randomly selected preambles in the low range
-	Randomly selected preambles in the high range.

The unit of the measured value is [/s].


[bookmark: _Toc34761055]4.1.1.1.2	Received Random Access Preambles per SSB
A use case for this measurement is RACH configuration optimization, where Received Random Access Preambles is signalled across an OAM interface.
Protocol Layer: MAC
	Definition
	Received Random Access Preambles per SSB. This measurement is applicable to PRACH. The reference point is the Service Access Point between MAC and L1. The measured quantity is the number of received Random Access preambles during a time period over all PRACHs configured in a cell. The measurement is done separately for:
-	Dedicated preambles
-	Randomly selected preambles in the low range
-	Randomly selected preambles in the high range.

The unit of the measured value is [/s].



[bookmark: _Toc34761056]4.1.1.2	 Packet delay
Packet delay includes RAN part of delay and CN part of delay. 	Comment by CMCC: 6	Capture a general definition of DL measurement in TS 38.314:
Packet delay includes RAN part of delay and CN part of delay. For RAN part, the DL delay comprises:
- D1 (the DL delay in gNB-DU), referring to 5.1.1.1.1	Average delay DL air-interface in TS 28.552
- D2 (the DL delay on F1-U), referring to 5.1.3.3.2	Average delay on F1-U in TS 28.552
- D3 (the DL delay in CU-UP), referring to 5.1.3.3.1	Average delay DL in CU-UP in TS 28.552
	Comment by Ericsson_109e_1: For the UL, there is also UE part of the delay. So, we propose to remove this sentence as the next sentence provides the DL part of the delay and for UL we can add the UE part as well. 

[Huawei] We think the sentence is needed.

Firstly, it is the same as TR 37.816. Secondly, it is SA2 requirement that the UL and DL end-to-end packet delay within the 5G network should include both parts of delay. So we see the need of keeping it in this TS 38.314.

Regarding the wording, as shown in the folowing description on the RAN part of UL packet delay, it has comprised the UE part.

If it really needs clarification, maybe we change modify “RAN part of delay” into “RAN part of delay (including UE)”.	Comment by CMCC_2: I also think it looks fine.
The RAN part of DL packet delay measurement comprises:
- D1 (DL delay in gNB-DU), referring to Average delay DL air-interface in TS 28.552 [2] 5.1.1.1.1.
- D2 (DL delay on F1-U), referring to Average delay on F1-U in TS 28.552 [2] 5.1.3.3.2.
- D3 (DL delay in CU-UP), referring to Average delay DL in CU-UP in TS 28.552 [2] 5.1.3.3.1.
The DL packet delay measurements, i.e. D1 (the DL delay in gNB-DU), D2 (the DL delay on F1-U) and D3 (the DL delay in CU-UP), should be measured per DRB per UE.
	Comment by ZTE-RAN2-109e: It is agreed in 109e that the unit of D1 and D2 is 0.1 ms which we understand also applies to D1 and D2 specified in TS 28.552. In 28.552 the unit of D1 and D2 is 1ms, therefore we think a note is needed to make the specs clearer.	Comment by CMCC_3: Thanks for your reminding. I forget to limit the unit for UL F1-U in 38.314. Since we only agree on the unit for UL D1&D2, I think it’s better to capture it in the end of this paragraph.
The RAN part (including UE) of UL packet delay measurement comprises: 
- D1 (UL PDCP packet average delay, as defined in section 4.2.1.1). 
- D2.1 (average over-the-air interface packet delay, as defined in 4.1.1.2.1). 
- D2.2 (average RLC packet delay, as defined in 4.1.1.2.2).
- D2.3 (average delay UL on F1-U, it is measured using the same metric as the  average delay DL on F1-U defined in TS 28.552 [2] section 5.1.3.3.2). 	Comment by CMCC: 6	UL F1-U delay is measured using the same matrix as DL F1-U delay defined in TS 28.552.

	Comment by Ericsson_109e_1: May be the better term is ‘unit of measurement’ or ‘metric’ 
[Huawei] In our opinion, the RAN2 agreement (as mentioned by CMCC above) is to let UL F1-U delay measurement re-use the existing DL F1-U delay measurement, so here ‘metric’ seems more appropriate. In addition, we propose to improve the sentence to make it more clearer.
- D2.4 (average PDCP re-ordering delay, as defined in 4.1.1.2.3).
The UL packet delay measurements, i.e. D1(UL PDCP packet average delay), D2.1(average over-the-air interface packet delay), D2.2(average RLC packet delay), D2.3(average delay UL on F1-U) and D2.4(average PDCP re-ordering delay), should be measured per DRB per UE. The unit of D1, D2.1, D2.2, D2.3 and D2.4 is 0.1ms.

[bookmark: _Toc534931549][bookmark: _Toc22987261][bookmark: _Toc23029794][bookmark: _Toc22986233][bookmark: _Toc34761057]4.1.1.2.1	Average over-the-air interface packet delay in the UL per DRB QoS level per UE	Comment by CMCC: Agreement
2	Granularity for per UE measurement performed by network (i.e D2 delay, loss rate) is per DRB per UE.

The objective of this measurement is to measure air interface UL packet delay for OAM performance observability or for QoS verification of MDT.
Protocol Layer: MAC, RLC
	[bookmark: _Hlk23109125]Definition
	Average over-the-air packet delay in the UL per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement is applicable for EN-DC and SA. This measurement refers to packet delay for DRBs. This measurement provides the average (arithmetic mean) time it takes to successfully receive a transport block from the time of UL transmission indicated in scheduling grant. 

Detailed Definition:
,where
explanations can be found in the table 4.1.1.2.1-1 below.


Table 4.1.1.2.1-1
	
	Over-the-air packet delay in the UL per QoS levelDRB per UE, averaged during time period . Unit: Integer 0.1 ms.	Comment by CMCC: 5	0.1ms is applied for UL delay measurement D1 and D2.


	
	The point in time when the UL RLC SDU i is scheduled as per the scheduling grant provided. 

	
	The point in time when the RLC SDU i was received successfully by the network. 

	
	A MAC SDU that arrives at the RLC during time period . 

	
	Total number of RLC SDUs .

	
	Time Period during which the measurement is performed

	
	The identity of the measured DRB.



[bookmark: _Toc34761058]4.1.1.2.2	Average RLC packet delay in the UL per QoS levelDRB per UE
The objective of this measurement is to measure RLC delay in the UL for OAM performance observability or for QoS verification of MDT.
Protocol Layer: RLC
	Definition
	Average RLC delay in the UL per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement is applicable for EN-DC and SA. This measurement refers to packet delay for DRBs. For CU-DU split scenario or DC scenario, this measurement refers to the RLC delay on each DU or RAN node. This measurement provides the average (arithmetic mean) time it takes from the first part of an RLC PDU is received to the RLC SDU is sent to PDCP or CU for split gNB. 

Detailed Definition:
,where
explanations can be found in the table 4.1.1.2.1-1 below.


NOTE:	Per DRB refers to per mapped 5QI for NR SA or per QCI for EN-DC.
Table 4.1.1.2.1-1
	
	RLC delay in the UL per QoS levelDRB per UE, averaged during time period . Unit: Integer 0.1 ms.

	
	The point in time when the first part of RLC PDU i is received.

	
	The point in time when the RLC SDU i is sent to PDCP or CU for split gNB.

	
	A RLC SDU that is received by the RLC during time period . 

	
	Total number of RLC SDUs .

	
	Time Period during which the measurement is performed

	
	The identity of the measured DRB.




[bookmark: _Toc34761059]4.1.1.2.3	Average PDCP re-ordering delay in the UL per  QoS levelDRB per UE
The objective of this measurement is to measure PDCP re-ordering delay in the UL for OAM performance observability or for QoS verification of MDT.
Protocol Layer: PDCP
	Definition
	Average PDCP re-ordering delay in the UL per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement is applicable for EN-DC and SA. This measurement refers to packet delay for DRBs. This measurement provides the average (arithmetic mean) time it takes from the point a PDCP SDU is received to the PDCP SDU is sent to upper SAP. 

Detailed Definition:
,where
explanations can be found in the table 4.1.1.2.3-1 below.


Table 4.1.1.2.3-1
	
	PDCP re-ordering delay in the UL per QoS levelDRB per UE, averaged during time period . Unit: Integer 0.1 ms.

	
	The point in time when the first part of PDCP SDU i is received.

	
	The point in time when the PDCP SDU i is sent to upper SAP.

	
	A PDCP SDU that is received by the PDCP during time period . 

	
	Total number of PDCP SDUs .

	
	Time Period during which the measurement is performed

	
	The identity of the measured DRB.



[bookmark: _Toc34334674][bookmark: _Toc34334631]NOTE:	The total RAN part of UL packet delay measurement is the sum of D1(PDCP queuing delay, as defined in 4.2.1), D2.1(over-the-air delay, as defined in 4.1.1.2.1), D2.2(RLC delay, as defined in 4.1.1.2.2), D2.3(F1 delay, as defined in TS 28.552 [2]) and D2.4(PDCP re-ordering delay, as defined in 4.1.1.2.3)	Comment by CMCC: Moved to the front of chapter 4.1.1.2.
NOTE:	The UL packet delay measurements, i.e. D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay), should be measured per QoS level per UE.
NOTE:	The DL delay in gNB-DU, the DL delay on F1-U and the DL delay in CU-UP (as defined in TS 28.552 [2]) should be measured per QoS level per UE.
[bookmark: _Toc532550781][bookmark: _Toc23029795][bookmark: _Toc22987262][bookmark: _Toc22986234][bookmark: _Toc34761060]4.1.1.3	Number of active UEs in RRC_CONNECTED
The objective of the measurement is to measure number of active UEs per QoS level for OAM performance observability. It is intended to be part of a calculation to determine the bitrate UEs achieve when they are active, i.e. when applications are transmitting and receiving data. The measurements are applicable for both non-split gNB and split gNB deployment scenario.
[bookmark: _Toc23029796][bookmark: _Toc22987263][bookmark: _Toc22986235][bookmark: _Toc34761061]4.1.1.3.1	Mean number of Active UEs in the DL per QoS levelDRB per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs in the DL per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the DL for DRBs. The measurement is done separately per DRB.
Detailed Definition:
[bookmark: _Hlk33875124],where	Comment by CMCC: 14	The equation for mean number of active UE is , FFS the definition for drbid in the description table of mean number of active UE.

explanations can be found in the table 4.1.1.3.1-1 below.



Table 4.1.1.3.1-1
	
	Mean number of Active UEs in the DL per QoS levelDRB, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the DL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
In RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321.
Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period . A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	
	Total number of sampling occasions during time period . 

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.

The definition for drbid for number of UE is agreed in #109e. You are welcome to double check whether this definition is clear enough.
The key word ‘same 5QI’ here is to indicate that the gNB will count only the drbs that mapped with the same 5QI.



[bookmark: _Toc23029797][bookmark: _Toc22987264][bookmark: _Toc22986236][bookmark: _Toc34761062]4.1.1.3.2	Max number of Active UEs in the DL per QoS levelDRB per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs in the DL per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the DL for DRBs. The measurement is done separately per QoS level.
Detailed Definition: 
,where
explanations can be found in the table 4.1.1.3.2-1 below.



Table 4.1.1.3.2-1
	
	Maximum number of Active UEs in the DL per QoS levelDRB per cell, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the DL in MAC, RLC or PDCP protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
In RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321.
Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.
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[bookmark: _Toc22986237][bookmark: _Toc534931545][bookmark: _Toc23029798][bookmark: _Toc22987265][bookmark: _Toc34761063]4.1.1.3.3	Mean number of Active UEs in the UL per QoS levelDRB per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs in the UL per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per QoS level.
Detailed Definition: 
where
explanations can be found in the table 4.1.1.3.3-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.3-1
	
	Mean number of Active UEs in the UL per QoS levelDRB per cell, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data).
In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS levelDRB cannot be determined at the time of the sampling occasion, gNB can determine QoS levelDRB after successful reception of data.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.




[bookmark: _Toc23029799][bookmark: _Toc22986238][bookmark: _Toc22987266][bookmark: _Toc34761064]4.1.1.3.4	Max number of Active UEs in the UL per QoS levelDRB per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs in the UL per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per QoS level.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.4-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.4-1
	
	Maximum number of Active UEs in the UL per QoS levelDRB per cell, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data).
In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS levelDRB cannot be determined at the time of the sampling occasion, gNB can determine QoS levelDRB after successful reception of data.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.




[bookmark: _Toc23029800][bookmark: _Toc22987267][bookmark: _Toc22986239][bookmark: _Toc534931546][bookmark: _Toc34761065]4.1.1.3.5	Mean number of Active UEs per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both.
Detailed Definition:
where
explanations can be found in the table 4.1.1.3.5-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.5-1
	
	Mean number of Active UEs, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers at sampling occasion.
For UL, this is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

	
	Time Period during which the measurement is performed, Unit: second.



[bookmark: _Toc22986240][bookmark: _Toc22987268][bookmark: _Toc23029801][bookmark: _Toc34761066]4.1.1.3.6	Max number of Active UEs per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.6-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.6-1
	
	Maximum number of Active UEs, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers at sampling occasion.
For UL, this is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Time Period during which the measurement is performed, Unit: second.



[bookmark: _Toc534931547][bookmark: _Toc22987269][bookmark: _Toc23029802][bookmark: _Toc22986241][bookmark: _Toc34761067]4.1.1.3.7	Mean number of Active UEs per QoS levelDRB per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both. The measurement is done separately per QoS level.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.7-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.7-1
	
	Number of Active UEs per QoS levelDRB, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level=  at sampling occasion.
For UL, This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS levelDRB cannot be determined at the time of the sampling occasion, gNB can determine QoS levelDRB after successful reception of data.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.




[bookmark: _Toc22986242][bookmark: _Toc22987270][bookmark: _Toc23029803][bookmark: _Toc34761068]4.1.1.3.8	Max number of Active UEs per DRBQoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs per QoS levelDRB per cell. The DRBs are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both. The measurement is done separately per QoS level.
Detailed Definition:
,where
explanations can be found in the table 4.1.1.3.8-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.8-1
	
	Maximum number of Active UEs per QoS levelDRB per cell, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
For UL, This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS levelDRB cannot be determined at the time of the sampling occasion, gNB can determine QoS levelDRB after successful reception of data.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Time Period during which the measurement is performed, Unit: second.

	
	The DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.	Comment by CMCC: 5	For number of active UE, add the following description inside the table, drbid : the DRBs mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC.




[bookmark: _Toc23029804][bookmark: _Toc22987271][bookmark: _Toc22986243][bookmark: _Toc34761069]4.1.1.4	Number of stored inactive UE contexts
The objective of the measurement is to measure number of stored inactive UE contexts for OAM performance observability. It is intended to be part of indication about the memory consumption in a RAN node.
The measurement is obtained by sampling at a pre-defined interval, the number of inactive UE contexts for each NR gNB and then taking the arithmetic mean or maximum value over pre-defined time duration.
[bookmark: _Toc23029805][bookmark: _Toc22987272][bookmark: _Toc22986244][bookmark: _Toc34761070]4.1.1.4.1	 Mean number of stored inactive UE contexts
[bookmark: _Hlk30930378]Protocol Layer: RRC
	Definition
	Mean number of inactive UE contexts.

Detailed Definition: 
,where
explanations can be found in the table 4.1.1.4.1-1 below.



Table 4.1.1.4.1-1 
	
	Mean number of Inactive UE contexts, averaged during time period . Unit: Integer.

	
	Number of inactive UE contexts stored in the gNB at sampling occasion.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	
	Total number of sampling occasions during time period . 

	
	Time Period during which the measurement is performed, Unit: second.



[bookmark: _Toc23029806][bookmark: _Toc22987273][bookmark: _Toc22986245][bookmark: _Toc34761071]4.1.1.4.2	 Max number of stored inactive UE contexts
Protocol Layer: RRC
	Definition
	Maximum number of inactive UE contexts.

Detailed Definition:
,where
explanations can be found in the table 4.1.1.4.2-1 below.



Table 4.1.1.4.2-1 
	
	Maximum number of Inactive UE contexts sampled during time period . Unit: Integer.

	
	Number of inactive UE contexts stored in the gNB at sampling occasion.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	
	Time Period during which the measurement is performed, Unit: second.



[bookmark: _Toc23170585]4.1.1.5	 Packet Loss Rate
[bookmark: _Toc518910494][bookmark: _Hlk24021945]4.1.1.5.1	Packet Uu Loss Rate in the DL per  QoS levelDRB per UE
The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability.
[bookmark: _Hlk31189133]Protocol Layer: RLC
	Definition
	Packet Loss Rate in the DL per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC.  One packet corresponds to one RLC SDU. The measurement is done separately per QoS levelDRB.  
Detailed Definition:
, where
explanations can be found in the table 4.1.1.5.1-1 below.



NOTE:	Packet loss is expected to be upper bounded by the PELR of the DRB 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:	The granularity for Packet loss rate measurement is per DRB per UE, as defined in TS 28.552 [2].
Table 4.1.1.5.1-1
	
	Packet Loss Rate in the DL per QoS levelDRB per UE. Unit: number of lost packets per transmitted packets * 106, Integer. 

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

	
	Time Period during which the measurement is performed, Unit: minutes.

	
	The identity of the measured DRB.



4.1.1.6	 Other measurements defined in TS 28.552
The granularity for Data Volume measurement defined in TS 28.552 [2] is per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC.
The granularity for Average UE throughout measurement defined in TS 28.552 [2] is per UE and per QoS levelDRB per UE. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC.
PRB usage measurements are defined in TS 28.552 [2], i.e. DL/UL Total PRB Usage, Distribution of DL/UL Total PRB Usage. M(T), M1(T), P(T) are measured per cell. P(T) is the total available PRBs for this cell. M1(T) is the PRBs used for traffic transmission in this cell. Counting unit for PRB usage measurement is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)	Comment by CMCC: 4	Capture in TS 38.314 that for PRB usage measurements that have been defined in TS 28.552, i.e. DL/UL Total PRB Usage, Distribution of DL/UL Total PRB Usage, M(T), M1(T), P(T) are measured per cell level. P(T) is the total available PRBs for this cell. M1(T) is the PRBs used for traffic transmission in this cell.

[bookmark: _Toc22986246][bookmark: _Toc23029807][bookmark: _Toc22987274][bookmark: _Toc34761072]4.1.2	Measurements valid for split gNB deployment scenario
Void
[bookmark: _Toc22986247][bookmark: _Toc22987275][bookmark: _Toc23029808][bookmark: _Toc34761073]4.2	NR measurements performed by the UE
[bookmark: _Toc34761074]4.2.1	Packet delay
[bookmark: _Toc518910515][bookmark: _Toc34761075]4.2.1.1	UL PDCP Packet Excess Delay per QoS level
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: PDCP
	Definition
	PDCP Packet Delay in the UL per QoS level. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. 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 QoS level.

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 QoS level exceeding the configured delay threshold among the UL PDCP SDUs transmitted.

	
	Number of PDCP SDUs of a data radio bearer with QoS level = ,for which ULdelay exceeded the configured delayThreshold as defined in TS 38.331 [3] during the time period T.

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

	
	Queuing 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 QoS level = .

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

	
	The point in the time when the PDCP SDU i of a data radio bearer with QoS level = 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.



[bookmark: _Toc518910516]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 TS 38.331 [3].
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 levels with the quantities in the range of 0 < nExcess 100% with uniform quantization in the 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
	0 < 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
	%



[bookmark: _Toc34761076]4.2.1.12	 UL PDCP Packet Average Delay per DRB per UE
The objective of this measurement performed by UE is to measure Packet Delay in Layer PDCP for QoS verification of MDT.
Protocol Layer: PDCP
	Definition
	PDCP Packet Delay in the UL per DRB. This measurement refers to PDCP queuing delay for DRBs in the UE, which captures the delay from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). The measurement is done separately per DRB.

Detailed Definition:
where	Comment by CMCC: 13	‘drbid’ is used in the equation for each per DRB per UE measurement in 38.314, e.g. for average D1 delay: 

explanations can be found in the table 4.2.1.12-1 below.


NOTE:	UE measures UL PDCP queueing delay at DRB level. It is up to gNB to convert DRB level delay to QoS level delay with the assumption that all QoS flows mapped to the same DRB get the same QoS treatment, and it is up to gNB to calculate QoS level delay if multiple DRBs mapped with the same QoS.
Table 4.2.1.12-1
	
	PDCP average delay in the UL per DRB, averaged during time period 𝑇. Unit: 0.1 ms.	Comment by CMCC: 5	0.1ms is applied for UL delay measurement D1 and D2.



	
	The point in time when the PDCP SDU i arrivals at PDCP upper SAP.

	
	The point in time when the UL grant to transmit the PDCP SDU i is available.

	
	A PDCP SDU that is received by the PDCP during time period 𝑇. 

	
	Total number of PDCP SDUs 𝑖.

	
	Time Period during which the measurement is performed

	
	The identity of the measured DRB.
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