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[bookmark: _Ref462817227]Introduction
In RAN2#107 meeting, it was agreed to start the L2 measurement specification work in 38.314. As part of the agreement, the skeleton for the document was agreed and also it was agreed to capture the number of RRC CONENCTED UEs as part of the specification. The running CR of this specification will capture the agreements from the meeting.  


Agreements
1	Use the following structure as a baseline (with considering both TS 36.314 and TS 28.552) for building a new TS:
	- section 1: measurements performed by the gNB
		Section 1.1: for all gNB deployment scenarios
		Section 1.2: for split gNB deployment scenarios
	- section 2: measurements performed by the UE
2	The editor of the new spec is Ningyu Chen from CMCC
		
[107#xx][NR/L2 measurement] running TS38.314 (CMCC)
	Intended outcome: running CR
	Deadline: Thursday 10/03/2019
	- including the general reference to SA2 spec
	- the skeleton of TS
	- including the measurements related number of UEs


In this contribution, we discuss other L2 measurements that were agreed during the SI phase and we also discuss the details of some measurements which affects the use cases discussed in SA2 and SA5 groups.
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
New measurements agreed during SI phase
There were several agreements made during the SI phase to introduce new L2 measurements. The ones agreed were captured in the TR 37.816 [1]. They are;
1) Over-the-air interface UL delay measurement, 
2) End user throughput measurement
3) Received random access preambles
4) Number of UEs (connected mode and inactive state) should be introduced in NR. 
Of the above new measurement, number of UEs related discussions is handled in the email discussion 107#49 [2].
Amongst the other measurements, UL over-the-air interface delay measurement is concerning the completion of RAN part of the delay measurement. How to capture this measurement and its relation to the SA2 use cases on URLLC QoS monitoring are provided in section 2.2. In RAN2#106 meeting [3], it was agreed to introduce an alternative way to compute the buffered PDCP throughput compared to the DDDR framework. As this measurement is related to the LS sent from SA5, we discuss this measurement along with other SA5 related measurements in section 2.3.
[bookmark: _Toc12372233]Regarding the RACH preambles, it was agreed that this can be captured in RAN2 L2 measurement specification. In LTE, the random-access preambles are already included as part of the L2 measurements [4].
4.1.2	Received Random Access Preambles
A use case for this measurement is RACH configuration optimization, where Received Random Access Preambles is signaled across an OAM interface.
Protocol Layer: MAC
Definition
Received Random Access Preambles. 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].


As the measurements captured in LTE are still applicable in NR, we propose to have the LTE’s way of capturing the received random access preambles as the baseline.
[bookmark: _Toc16766231][bookmark: _Toc16766357][bookmark: _Toc20461110][bookmark: _Toc20725259][bookmark: _Toc20727926][bookmark: _Toc20918571][bookmark: _Toc21019510][bookmark: _Toc21019520]LTE’s definition of received random access preambles is the baseline for NR L2 measurements. 
As NR RACH can be performed at the beam level, it is desirable to provide the preamble information per SSB. 
[bookmark: _Toc16766232][bookmark: _Toc16766358][bookmark: _Toc20461111][bookmark: _Toc20725260][bookmark: _Toc20727927][bookmark: _Toc20918572][bookmark: _Toc21019511][bookmark: _Toc21019521]The preamble information included in the L2 information is per SSB. 
[bookmark: _Toc20461112][bookmark: _Toc20725261][bookmark: _Toc20727928][bookmark: _Toc20918573][bookmark: _Hlk20383354][bookmark: _Toc16766233][bookmark: _Toc16766359][bookmark: _Toc21019512][bookmark: _Toc21019522]RAN2 is requested to agree the TP to 38.314 provided in the appendix-A.

[bookmark: _Ref20376431]Measurements affecting SA2 use cases (based on their LSs to RAN2) 
Overview of UL delay measurements
During the SI phase, delay measurements were discussed extensively, and the agreements were captured in section 6.2.2.2 in TR 37.816 [1]. Further as part of the UL delay measurements, it was agreed to split the total RAN internal delay into the following components.
1) Average PDCP queueing delay at the UE (D1 in the figure)
2) Average over-the-air interface delay
3) Average delay in RLC  average UL delay in gNB-DU
4) Average F1-U delay 
5) Average PDCP re-ordering delay  average UL delay in CU-UP


During the SI phase, it was realized that only average over-the-air interface delay is not available in the SA5 specification, 28.552 and therefore it was agreed to be introduced in the WI phase.
Over-the-air UL delay
In the TR [1], a definition of this KPI is captured.
· D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay* and PDCP re-ordering delay in gNB.  Separate measurement associated to over-the-air delay in UL will be introduced, and it is defined as the average time between the time of sending the successful HARQ feedback to the time of scheduling grant in UL for the UE.

As pointed out by several companies in the RAN2#107 meeting related contributions [6][7], there is no HARQ feedback in the UL direction. The network can use the time of successful reception of the transport block as the final time to be compared against the time of scheduling grant. In the figure below when the RAN node sends the scheduling grant, it is aware of when the UE shall send the UL data and hence the RAN node gets to know the time T1. Once the UL transmission is successfully received by the RAN node (at T2), the RAN node can calculate the difference between T2 and T1 to find the air-interface-delay. 
[bookmark: _Toc20461113][bookmark: _Toc20725262][bookmark: _Toc20727929][bookmark: _Toc20918574][bookmark: _Toc21019513][bookmark: _Toc21019523]The time of reception of a transport block at the MAC layer is considered for the calculation of UL over-the-air transmission delay.
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Based on the above, we request RAN2 to agree on the text proposal related to over-the-air interface UL delay provided in appendix-B.
[bookmark: _Toc20461114][bookmark: _Toc20725263][bookmark: _Toc20727930][bookmark: _Toc20918575][bookmark: _Toc21019514][bookmark: _Toc21019524]RAN2 is requested to agree the TP to 38.314 provided in the appendix-B on over-the-air interface delay measurement to be performed by the gNB.

Need for other delay measurements
The whole discussion of delay measurements in RAN2 was triggered by the LS sent from SA2 regarding the RAN part of the delay in their e2e delay measurement related KPI [8] for URLLC type of applications. Based on this, in the SI phase two solutions were discussed in the RAN2 and this list was further increase by a new way to provide the delay measurement in RAN2#107 meeting [9]. We believe that these different ways to perform delay measurements can be classified as follows.
1) Average delay measurements at different stages (RAN2 agreed way-forward)
2) Delay measurements using time stamping approach
a. Time stamping impacting PDCP header (user plane solution)
b. Time stamping for certain packets as instructed by the CU-CP (control plane solution)
The solution 1 and solution 2a were discussed in the SI phase and solution-1 was agreed. Some of the discussions from the SI phase can be summarized as follows.
· Average delay measurements (solution 1) based approach is simpler of the two solutions.
· Time stamping of the PDCP header (solution 2a) has a larger overhead on both the UE side and the network side as the PDCP header needs to be modified. However, companies claimed that this is more accurate than the average delay-based measurements. However, reducing the averaging time used for the solution-1 can also give more accurate delay estimations during the recent past.
· It was also brought up that the instantaneous delay measurements can vary within the RAN as the used MCS varies from different time instances which indirectly have an impact on the transmission success probability. This was also given as a reason why the average delay measure are more useful from the QoS monitoring point of view rather than the instantaneous values.   
[bookmark: _Toc20725252][bookmark: _Toc20727918][bookmark: _Toc20918563]During the SI phase, pros-cons of average time delay measurements and time stamp in PDCP header-based solutions were discussed and RAN2 agreed on the average time delay measurements.
Solution 1b was proposed in RAN2#107 meeting [9]. The motivation behind this proposal was that the averaging based measurement do not capture the outliers which might be needed in the URLLC QoS monitoring purposes. These outliers which differ from the average value could cause service interruption in URLLC use cases.
[bookmark: _Toc20725253][bookmark: _Toc20727919][bookmark: _Toc20918564]The average delay measurements do not capture the outliers which could be significantly different from the reported average value when the averaging is performed over a long-time interval involving many packets.
The proposed method introduces a way in which the packet that needs to be monitored (PDCP SN) is informed by the CU-CP and both the UE and the CU-UP log the time at which they receive/transmit these packets. In the UL, the UE logs the time of receiving this PDCP SN in the PDCP layer and the CU-UP logs the time of successful reception of this PDCP SN packet. Based on this reporting, the CU-CP can compute the time difference between the two and identify the RAN internal delay. This solution needs the UE and the CU-UP to be time synchronized which need not be the case.
[bookmark: _Toc20725254][bookmark: _Toc20727920][bookmark: _Toc20918565]In order for the control plane time stamp reporting from the UE and the CU-UP to CU-CP to work, the UE and the CU-UP needs to be time synchronized.
Additionally, a measurement performed on one packet and the very next packet might vary due to the changes in the radio conditions, network configurations like beamforming changes, MCS changes etc. which affect the successful transmission probability. Therefore, in order to make sense out of the measurement, this control plane-based solution needs to be enabled very often. 
[bookmark: _Toc20725255][bookmark: _Toc20727921][bookmark: _Toc20918566]In order to account for the impact of the lower layer algorithms (beamforming changes, MCS changes), the time stamping based delay measurement needs to be performed very often.
Based on the above discussion, we think that it is not feasible to have time stamp-based approach (user plane based or control plane based) for delay measurements in RAN. 
If the concern regarding the existing RAN delay measurements is only related to ‘averaging’, then we can discuss how this can be overcome in other ways. When the delay measurement collection interval is large, then there is a possibility of outliers’ (very long delayed packet for example) impact getting hidden. In order to resolve this, one could simply add additional measurements related to the distribution of these delay measurements. The distribution of delay measurements should be able to capture the outliers which would have affected the services. The granularity of the histogram measurements and whether this is explicitly configured by the network or is a default value can be discussed further. 
[bookmark: _Toc20725256][bookmark: _Toc20727922][bookmark: _Toc20918567]The distribution of the delay measurements captures any outliers which would have been hard to capture via averaged delay measurements.
[bookmark: _Toc20725264][bookmark: _Toc20727931][bookmark: _Toc20918576][bookmark: _Toc21019515][bookmark: _Toc21019525]Like averaged delay measurements, the distribution of the delay measurements (PDCP queueing delay distribution, over-the-air interface delay distribution, gNB-DU delay distribution, F1-U delay distribution and CU-UP delay distribution) are also included by RAN2. 
[bookmark: _Toc20725265][bookmark: _Toc20727932][bookmark: _Toc20918577][bookmark: _Toc21019516][bookmark: _Toc21019526]The granularity of the histogram for delay measurements’ distribution and its configuration can be FFS.
In the SI phase it was also agreed to introduce the average PDCP queueing delay measurements and the details of the same is missing in 38.314. We propose to use parts of the definition already established on LTE L2 specification, 36.314 to come up with the average queueing delay for NR. 
[bookmark: _Toc20725266][bookmark: _Toc20727933][bookmark: _Toc20918578][bookmark: _Toc21019517][bookmark: _Toc21019527]RAN2 is requested to agree the TP to 38.314 provided in the appendix-C1.
In the email discussion related to immediate MDT, it is still an FFS as to how the UE shall be configured with for the PDCP queueing delay measurements and how the UE shall report the same. How the average PDCP queueing delay and distribution of queueing delay can be configured and reported in the RRC specification is provided in appendix-B2. RAN2 is requested to also agree on the same.
[bookmark: _Toc20918579][bookmark: _Toc21019518][bookmark: _Toc21019528]RAN2 is requested to agree the TP to 38.331 provided in the appendix-C2 to address the configuration and reporting of PDCP queueing delays (average and distribution).

[bookmark: _Ref20378092]Measurements affecting SA5 use cases (based on their LSs to RAN2)
Based on the SI phase discussions, it was also concluded that the RAN2 shall introduce a new measurement for end user throughput measurements. The discussion for this measurement is associated to the LS sent from SA5 [10]. In their LS, they asked the RAN groups about the feasibility of using DDDR framework for the DL buffered PDCP throughput measurement. However, in RAN2 the limitations of the DDDR based framework was discussed based on [11] and it was agreed to introduce a new measurement.
In the SA5 specification [5], the throughput related measurement is already included in section 5.1.1.3 and some of the measurements included are listed below.
1) Average DL UE throughput
2) Distribution of DL UE throughput
3) Average UL UE throughput
4) Distribution of UL UE throughput
These measurements are performed in the gNB-DU and as an example the average DL UE throughput measurement is shown below. 
[bookmark: _Toc20727923][bookmark: _Toc20918568]Both UL and DL UE throughput are available in SA5 specification when the associated data volume measurement is taken at the RLC level.
One motivation for performing additional PDCP level throughput computation is to capture the impact of DC on the overall throughput. 
[bookmark: _Toc20727924][bookmark: _Toc20918569]To observe the impact of DC on the UE throughput, the throughput measurement needs to be performed at the PDCP level.
In order to compute the throughput, the required parameters are the total volume of the packets delivered from the PDCO layer in a given duration. Both the Ul and the DL data volume measurements are already part of the SA5 specification [5] in section 5.1.3.6. Therefore, computing the throughput measurement based on this data volume measurement should be feasible in the PDCP layer. However, as this is not a layer-2 measurement, we can leave the specification of such a measurement to SA5. 
[bookmark: _Toc20727925][bookmark: _Toc20918570]Based on SA5 specification [5], PDCP data volume measurements are already part of the CU-UP measurements.
However, the exact timing related information as to what is delivered to the UE and what is till not delivered to the UE is missing in the PDCP layer. Therefore, we propose to look into this further.
[bookmark: _Toc21019519][bookmark: _Toc21019529]RAN2 to look into further as to how the accurate PDCP throughput can be computed.

 5.1.1.3.1	Average DL UE throughput in gNB
a)	This measurement provides the average UE throughput in downlink. This measurement is intended for data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).
b)	DER(N=1)

c)	This measurement is obtained according to the following formula based on the "ThpVolDl" and "ThpTimeDl" defined below. It is optionally split into subcounters for each QoS level. 



For small data bursts, where all buffered data is included in one initial HARQ transmission,  , otherwise 

ThpTimeDl
The time to transmit a data burst excluding the data transmitted in the slot when the buffer is emptied. A sample of "ThpTimeDl" for each time the DL buffer for one DataRadioBearer (DRB) is emptied.


The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the RLC SDU available for transmission for the particular DRB was successfully transmitted, as acknowledged by the UE. 


The point in time when the first transmission begins after a RLC SDU becomes available for transmission, where previously no RLC SDUs were available for transmission for the particular DRB.


The RLC level volume of a data burst, excluding the data transmitted in the slot when the buffer is emptied. A sample for ThpVolDl is the data volume, counted on RLC SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for one DRB during a sample of ThpTimeDl. (It shall exclude the volume of the last piece of data emptying the buffer).

d)	Each measurement is a real value representing the throughput in kbits per second. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of mapped 5QIs. 
e)	The measurement name has the form 
DRB.UEThpDl, or optionally DRB.UEThpDl.QOS, where QOS identifies the target quality of service class.
f)	NRCellDU 
g)	Valid for packet switched traffic
h)	5GS
i)	One usage of this measurement is for performance assurance within integrity area (user plane connection quality).


[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc12372239][bookmark: _Toc12372255][bookmark: _Toc12372266]In this contribution, the following observations were captured:
Observation 1	During the SI phase, pros-cons of average time delay measurements and time stamp in PDCP header-based solutions were discussed and RAN2 agreed on the average time delay measurements.
Observation 2	The average delay measurements do not capture the outliers which could be significantly different from the reported average value when the averaging is performed over a long-time interval involving many packets.
Observation 3	In order for the control plane time stamp reporting from the UE and the CU-UP to CU-CP to work, the UE and the CU-UP needs to be time synchronized.
Observation 4	In order to account for the impact of the lower layer algorithms (beamforming changes, MCS changes), the time stamping based delay measurement needs to be performed very often.
Observation 5	The distribution of the delay measurements captures any outliers which would have been hard to capture via averaged delay measurements.
Observation 6	Both UL and DL UE throughput are available in SA5 specification when the associated data volume measurement is taken at the RLC level.
Observation 7	To observe the impact of DC on the UE throughput, the throughput measurement needs to be performed at the PDCP level.
Observation 8	Based on SA5 specification [5], PDCP data volume measurements are already part of the CU-UP measurements.
In this contribution, the following proposals were captured:
Proposal 1	LTE’s definition of received random access preambles is the baseline for NR L2 measurements.
Proposal 2	The preamble information included in the L2 information is per SSB.
Proposal 3	RAN2 is requested to agree the TP to 38.314 provided in the appendix-A.
Proposal 4	The time of reception of a transport block at the MAC layer is considered for the calculation of UL over-the-air transmission delay.
Proposal 5	RAN2 is requested to agree the TP to 38.314 provided in the appendix-B on over-the-air interface delay measurement to be performed by the gNB.
Proposal 6	Like averaged delay measurements, the distribution of the delay measurements (PDCP queueing delay distribution, over-the-air interface delay distribution, gNB-DU delay distribution, F1-U delay distribution and CU-UP delay distribution) are also included by RAN2.
Proposal 7	The granularity of the histogram for delay measurements’ distribution and its configuration can be FFS.
Proposal 8	RAN2 is requested to agree the TP to 38.314 provided in the appendix-C1.
Proposal 9	RAN2 is requested to agree the TP to 38.331 provided in the appendix-C2 to address the configuration and reporting of PDCP queueing delays (average and distribution).
Proposal 10	RAN2 to look into further as to how the accurate PDCP throughput can be computed.
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Appendix
Appendix-A: TP to 38.314 on received RA preambles per SSB
[bookmark: _Toc534931548]4.1.1.x	 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].



Appendix-B: TP to 38.314 on average over-the-over interface delay in UL
[bookmark: _Toc534931549]4.1.2.y	Average over-the-air interface packet delay in the UL
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
	Definition
	Average over-the-air packet delay in the UL. This measurement refers to packet delay for DRBs. This measurement provides the average (arithmetic mean) time it takes to successfully receive a TB from the time of UL transmission indicated in scheduling grant. 

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



Table x.y.z.1-1
	

	
Over-the-air packet delay in the UL, averaged during time period . Unit: Integer ms.

	
	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




Appendix-C1: TP to 38.314 on delay measurements

4.2.a	Average PDCP queueing delay in the UL
The objective of this measurement performed by UE is to measure Average PDCP queueing delay for QoS verification of MDT.
Protocol Layer: PDCP
	Definition
	Average of UL PDCP queueing delay at the UE.
Average of PDCP packet delay in the UL per DRB. This measurement refers to the packet delay for DRBs, which captures the delay from the packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available.

Detailed definition:


Explanations of the parameters can be found in the table 4.1.2.a-1.



Table 4.1.2.a-1
	D(n,DRBi)
	UL PDCP queueing delay experienced by the nth packet in ith DRB. 

	tDeliv(n,DRBi)
	The point in time when the PDCP SDU n of the DRB i was delivered to the lower layers.

	tArrival(n,DRBi)
	The point in time when the PDCP SDU n of the DRB i arrives at the PDCP upper SAP.



4.2.b	Distribution of PDCP queueing delay in the UL
Protocol Layer: PDCP
This measurement provides the histogram result of the PDCP queueing delay in UL collected during time period T.
	Definition
	Distribution of UL PDCP queueing delay at the UE.
Distribution of PDCP packet delay in the UL per DRB. This measurement refers to the packet delay distribution for DRBs, which captures the delay from the packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available.

Considering there are n packet arrivals during measurement time T, the measurement of one (nth) sample is obtained by the following formula for a PDCP packet:


Explanations of the parameters can be found in the table 4.1.2.b-1.



Table 4.1.2.b-1
	D(n,DRBi)
	UL PDCP queueing delay experienced by the nth packet in ith DRB. 

	tDeliv(n,DRBi)
	The point in time when the PDCP SDU n of the DRB i was delivered to the lower layers.

	tArrival(n,DRBi)
	The point in time when the PDCP SDU n of the DRB i arrives at the PDCP upper SAP.

	Tgran
	Histogram granularity, in milli-seconds, as configured by the network



4.1.2.a	Distribution of over-the-air interface delay in the UL
Protocol Layer: MAC, RLC
This measurement provides the histogram result of the over-the-air interface delay in UL collected during time period T.
	Definition
	Distribution of UL over-the-air interface delay at the UE.
Distribution of over-the-air interface delay in the UL per DRB. This measurement refers to the packet delay distribution for DRBs, which captures the delay from the packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available.

Considering there are n packet transmissions during measurement time T, the measurement of one (nth) sample is obtained by the following formula for a packet:


Explanations of the parameters can be found in the table 4.1.2.a-1.



Table 4.1.2.a-1
	D(n,DRBi)
	UL PDCP queueing delay experienced by the nth packet in ith DRB. 

	tDeliv(n,DRBi)
	The point in time when the TB n of the DRB i was successfully received.

	tSG (n,DRBi)
	The point in time when the scheduling grant for the TB n of the DRB i is configured by the network.

	Tgran
	Histogram granularity, in milli-seconds, as configured by the network
FFS: How to configure this?



4.1.2.b	Distribution of gNB-DU delay
FFS: How to capture this (RAN2-RAN3 coordination)?
4.1.2.c	Distribution of F1-U delay
FFS: How to capture this (RAN2-RAN3 coordination)?
4.1.2.d	Distribution of CU-UP delay
FFS: How to capture this (RAN2-RAN3 coordination)?

Appendix-C1: TP to 38.331 on delay measurements
/*Start of first change*/
· [bookmark: _Toc20425802]5.5.3	Performing measurements
· [bookmark: _Toc20425803]5.5.3.1	General
[bookmark: _Hlk2926019]An RRC_CONNECTED UE shall derive cell measurement results by measuring one or multiple beams associated per cell as configured by the network, as described in 5.5.3.3. For all cell measurement results in RRC_CONNECTED the UE applies the layer 3 filtering as specified in 5.5.3.2, before using the measured results for evaluation of reporting criteria and measurement reporting. For cell measurements, the network can configure RSRP, RSRQ or SINR as trigger quantity. Reporting quantities can be any combination of quantities (i.e. only RSRP; only RSRQ; only SINR; RSRP and RSRQ; RSRP and SINR; RSRQ and SINR; RSRP, RSRQ and SINR), irrespective of the trigger quantity.
The network may also configure the UE to report measurement information per beam (which can either be measurement results per beam with respective beam identifier(s) or only beam identifier(s)), derived as described in 5.5.3.3a. If beam measurement information is configured to be included in measurement reports, the UE applies the layer 3 beam filtering as specified in 5.5.3.2. On the other hand, the exact L1 filtering of beam measurements used to derive cell measurement results is implementation dependent.
The UE shall:
1>	whenever the UE has a measConfig, perform RSRP and RSRQ measurements for each serving cell for which servingCellMO is configured as follows:
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to ssb and ssb-ConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to ssb:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on SS/PBCH block, as described in 5.5.3.3;
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to csi-rs and CSI-RS-ResourceConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to csi-rs:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on CSI-RS, as described in 5.5.3.3;
1>	for each serving cell for which servingCellMO is configured, if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains SINR as trigger quantity and/or reporting quantity:
2>	if the reportConfig contains rsType set to ssb and ssb-ConfigMobility is configured in the servingCellMO:
3>	if the reportConfigcontains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
4>	derive layer 3 filtered SINR per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;
3>	derive serving cell SINR based on SS/PBCH block, as described in 5.5.3.3;
2>	if the reportConfig contains rsType set to csi-rs and CSI-RS-ResourceConfigMobility is configured in the servingCellMO:
3>	if the reportConfigcontains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
4>	derive layer 3 filtered SINR per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;
3>	derive serving cell SINR based on CSI-RS, as described in 5.5.3.3;
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the reportType for the associated reportConfig is set to reportCGI and timer T321 is running:
3>	perform the corresponding measurements on the frequency and RAT indicated in the associated measObject using available idle periods;
3>	if the cell indicated by reportCGI field for the associated measObject is an NR cell and that indicated cell is broadcasting SIB1 (see TS 38.213 [13], clause 13):
4>	try to acquire SIB1 in the concerned cell;
3>	if the cell indicated by reportCGI field is an E-UTRA cell:
4>	try to acquire SystemInformationBlockType1 in the concerned cell;
2>	if the ul-DelayConfig is configured for the associated reportConfig:
3>	ignore the measObject;
3>	configure the PDCP layer to perform UL PDCP Packet Delay per DRB measurement;
2>	if the reportType for the associated reportConfig is periodical or eventTriggered:
3>	if a measurement gap configuration is setup, or
3>	if the UE does not require measurement gaps to perform the concerned measurements:
4>	if s-MeasureConfig is not configured, or
4>	if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or
4>	if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP:
5>	if the measObject is associated to NR and the rsType is set to csi-rs:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 filtered beam measurements only based on CSI-RS for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on CSI-RS for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to NR and the rsType is set to ssb:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 beam measurements only based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on SS/PBCH block for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to E-UTRA:
6>	perform the corresponding measurements associated to neighbouring cells on the frequencies indicated in the concerned measObject, as described in 5.5.3.2;
2>	if the reportType for the associated reportConfig is set to reportSFTD:
3>	if the reportSFTD-Meas is set to true:
4>	if the measObject is associated to E-UTRA:
5>	perform SFTD measurements between the PCell and the E-UTRA PSCell;
5>	if the reportRSRP is set to true;
6>	perform RSRP measurements for the E-UTRA PSCell;
4>	else if the measObject is associated to NR:
5>	perform SFTD measurements between the PCell and the NR PSCell;
5>	if the reportRSRP is set to true;
6>	perform RSRP measurements for the NR PSCell based on SSB;
3>	else if the reportSFTD-NeighMeas is included:
4>	if the measObject is associated to NR:
5>	if the drx-SFTD-NeighMeas is included:
6>	perform SFTD measurements between the PCell and the NR neighbouring cell(s) detected based on parameters in the associated measObject using available idle periods;
5>	else:
6>	perform SFTD measurements between the PCell and the NR neighbouring cell(s) detected based on parameters in the associated measObject;
5>	if the reportRSRP is set to true:
6>	perform RSRP measurements based on SSB for the NR neighbouring cell(s) detected based on parameters in the associated measObject;
2>	perform the evaluation of reporting criteria as specified in 5.5.4.
/*End of first change*/
/*Start of second change*/
· [bookmark: _Toc20425807]5.5.4	Measurement report triggering
· [bookmark: _Toc20425808]5.5.4.1	General
If AS security has been activated successfully, the UE shall:
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the corresponding reportConfig includes a reportType set to eventTriggered or periodical:
3>	if the corresponding measObject concerns NR:
4>	if the eventA1 or eventA2 is configured in the corresponding reportConfig:
5>	consider only the serving cell to be applicable;
[bookmark: _Hlk515508923]4>	if the eventA3 or eventA5 is configured in the corresponding reportConfig:
5>	if a serving cell is associated with a measObjectNR and neighbours are associated with another measObjectNR, consider any serving cell associated with the other measObjectNR to be a neighbouring cell as well;
4>	if corresponding reportConfig includes reportType set to periodical; or
4>	for measurement events other than eventA1 or eventA2:
5>	if useWhiteCellList is set to true:
6>	consider any neighbouring cell detected based on parameters in the associated measObjectNR to be applicable when the concerned cell is included in the whiteCellsToAddModList defined within the VarMeasConfig for this measId;
5>	else:
6>	consider any neighbouring cell detected based on parameters in the associated measObjectNR to be applicable when the concerned cell is not included in the blackCellsToAddModList defined within the VarMeasConfig for this measId;
3>	else if the corresponding measObject concerns E-UTRA:
4>	if eventB1 or eventB2 is configured in the corresponding reportConfig:
5>	consider a serving cell, if any, on the associated E-UTRA frequency as neighbour cell;
4>	else:
5>	consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is not included in the blackCellsToAddModListEUTRAN defined within the VarMeasConfig for this measId;
2>	else if the corresponding reportConfig includes a reportType set to reportCGI:
3>	consider the cell detected on the associated measObject which has a physical cell identity matching the value of the cellForWhichToReportCGI included in the corresponding reportConfig within the VarMeasConfig to be applicable;
2>	else if the corresponding reportConfig includes a reportType set to reportSFTD:
3>	if the corresponding measObject concerns NR:
4>	if the reportSFTD-Meas is set to true:
5>	consider the NR PSCell to be applicable;
4>	else if the reportSFTD-NeighMeas is included:
5>	if cellsForWhichToReportSFTD is configured in the corresponding reportConfig:
6>	consider any NR neighbouring cell detected on the associated measObjectNR which has a physical cell identity that is included in the cellsForWhichToReportSFTD to be applicable;
5>	else:
6>	consider up to 3 strongest NR neighbouring cells detected based on parameters in the associated measObjectNR to be applicable when the concerned cells are not included in the blackCellsToAddModList defined within the VarMeasConfig for this measId;
3>	else if the corresponding measObject concerns E-UTRA:
4>	if the reportSFTD-Meas is set to true:
5>	consider the E-UTRA PSCell to be applicable;
2>	if the reportType is set to eventTriggered and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig, while the VarMeasReportList does not include a measurement reporting entry for this measId (a first cell triggers the event):
3>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	else if the reportType is set to eventTriggered and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells not included in the cellsTriggeredList for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig (a subsequent cell triggers the event):
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	else if the reportType is set to eventTriggered and if the leaving condition applicable for this event is fulfilled for one or more of the cells included in the cellsTriggeredList defined within the VarMeasReportList for this measId for all measurements after layer 3 filtering taken during timeToTrigger defined within the VarMeasConfig for this event:
3>	remove the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;
3>	if reportOnLeave is set to true for the corresponding reporting configuration:
4>	initiate the measurement reporting procedure, as specified in 5.5.5;
3>	if the cellsTriggeredList defined within the VarMeasReportList for this measId is empty:
4>	remove the measurement reporting entry within the VarMeasReportList for this measId;
4>	stop the periodical reporting timer for this measId, if running;
2>	if reportType is set to periodical and if a (first) measurement result is available:
3>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	if the triggerType is set to periodical and the corresponding reportConfig includes the ul-DelayConfig:
4>	initiate the measurement reporting procedure, as specified in 5.5.5, immediately after a first measurement result is provided by lower layers;
3>	if the reportAmount exceeds 1:
4>	initiate the measurement reporting procedure, as specified in 5.5.5, immediately after the quantity to be reported becomes available for the NR SpCell;
3>	else (i.e. the reportAmount is equal to 1):
4>	initiate the measurement reporting procedure, as specified in 5.5.5, immediately after the quantity to be reported becomes available for the NR SpCell and for the strongest cell among the applicable cells;
2>	upon expiry of the periodical reporting timer for this measId:
3>	initiate the measurement reporting procedure, as specified in 5.5.5. 
2>	if the corresponding reportConfig includes a reportType is set to reportSFTD:
3>	if the corresponding measObject concerns NR:
4>	initiate the measurement reporting procedure, as specified in 5.5.5, immediately after the quantity to be reported becomes available for each requested pair of PCell and NR cell or the maximal measurement reporting delay as specified in TS 38.133 [14];
3>	else if the corresponding measObject concerns E-UTRA:
4>	initiate the measurement reporting procedure, as specified in 5.5.5, immediately after the quantity to be reported becomes available for the pair of PCell and E-UTRA PSCell or the maximal measurement reporting delay as specified in TS 38.133 [14];
2>	if reportType is set to reportCGI:
3>	if the UE acquired the SIB1 or SystemInformationBlockType1 for the requested cell; or
3>	if the UE detects that the requested NR cell is not transmitting SIB1 (see TS 38.213 [13], clause 13):
4>	stop timer T321;
4>	include a measurement reporting entry within the VarMeasReportList for this measId;
4>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
4>	initiate the measurement reporting procedure, as specified in 5.5.5;
2>	upon the expiry of T321 for this measId:
3>	include a measurement reporting entry within the VarMeasReportList for this measId;
3>	set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;
3>	initiate the measurement reporting procedure, as specified in 5.5.5.
/*End of second change*/
/*Start of third change*/
· [bookmark: _Toc20425817]5.5.5	Measurement reporting
· [bookmark: _Toc20425818]5.5.5.1	General


Figure 5.5.5.1-1: Measurement reporting
The purpose of this procedure is to transfer measurement results from the UE to the network. The UE shall initiate this procedure only after successful AS security activation.
[bookmark: _Hlk946016]For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:
1>	set the measId to the measurement identity that triggered the measurement reporting;
1>	for each serving cell configured with servingCellMO:
2>	if the reportConfig associated with the measId that triggered the measurement reporting includes rsType:
3>	if the serving cell measurements based on the rsType included in the reportConfig that triggered the measurement report are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on the rsType included in the reportConfig that triggered the measurement report;
2>	else:
3>	if SSB based serving cell measurements are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on SSB;
3>	else if CSI-RS based serving cell measurements are available:
4>	set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR of the serving cell, derived based on CSI-RS;
1>	set the servCellId within measResultServingMOList to include each NR serving cell that is configured with servingCellMO, if any;
1>	if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
2>	for each serving cell configured with servingCellMO, include beam measurement information according to the associated reportConfig as described in 5.5.5.2;
[bookmark: _Hlk1592210]1>	if the reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:
2>	for each measObjectId referenced in the measIdList which is also referenced with servingCellMO, other than the measObjectId corresponding with the measId that triggered the measurement reporting:
3>	if the measObjectNR indicated by the servingCellMO includes the RS resource configuration corresponding to the rsType indicated in the reportConfig:
4>	set the measResultBestNeighCell within measResultServingMOList to include the physCellId and the available measurement quantities based on the reportQuantityCell and rsType indicated in reportConfig of the non-serving cell corresponding to the concerned measObjectNR with the highest measured RSRP if RSRP measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured RSRQ if RSRQ measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured SINR;
4>	if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
5>	for each best non-serving cell included in the measurement report:
6>	include beam measurement information according to the associated reportConfig as described in 5.5.5.2;
1>	if the reportConfig associated with the measId that triggered the measurement reporting is set to eventTriggered and eventID is set to eventA3, or eventA4, or eventA5, or eventB1, or eventB2:
2>	if the UE is in NE-DC and the measurement configuration that triggered this measurement report is associated with the MCG:
3>	set the measResultServFreqListEUTRA-SCG to include an entry for each E-UTRA SCG serving frequency with the following:
4>	include carrierFreq of the E-UTRA serving frequency;
4>	set the measResultServingCell to include the available measurement quantities that the UE is configured to measure by the measurement configuration associated with the SCG;
4>	if reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:
5>	set the measResultServFreqListEUTRA-SCG to include within measResultBestNeighCell the quantities of the best non-serving cell, based on RSRP, on the concerned serving frequency;
1>	if reportConfig associated with the measId that triggered the measurement reporting is set to eventTriggered and eventID is set to eventA3, or eventA4, or eventA5:
2>	if the UE is in NR-DC and the measurement configuration that triggered this measurement report is associated with the MCG:
3>	set the measResultServFreqListNR-SCG to include for each NR SCG serving cell that is configured with servingCellMO, if any, the following:
4>	if the reportConfig associated with the measId that triggered the measurement reporting includes rsType:
5>	if the serving cell measurements based on the rsType included in the reportConfig that triggered the measurement report are available according to the measurement configuration associated with the SCG:
6>	set the measResultServingCell within measResultServFreqListNR-SCG to include RSRP, RSRQ and the available SINR of the serving cell, derived based on the rsType included in the reportConfig that triggered the measurement report;
4>	else:
5>	if SSB based serving cell measurements are available according to the measurement configuration associated with the SCG:
6>	set the measResultServingCell within measResultServFreqListNR-SCG to include RSRP, RSRQ and the available SINR of the serving cell, derived based on SSB;
5>	else if CSI-RS based serving cell measurements are available according to the measurement configuration associated with the SCG:
6>	set the measResultServingCell within measResultServFreqListNR-SCG to include RSRP, RSRQ and the available SINR of the serving cell, derived based on CSI-RS;
4>	if results for the serving cell derived based on SSB are included:
5>	include the ssbFrequency to the value indicated by ssbFrequency as included in the MeasObjectNR of the serving cell;
4>	if results for the serving cell derived based on CSI-RS are included:
5>	include the refFreqCSI-RS to the value indicated by refFreqCSI-RS as included in the MeasObjectNR of the serving cell;
4>	if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
5>	for each serving cell configured with servingCellMO, include beam measurement information according to the associated reportConfig as described in 5.5.5.2, where availability is considered according to the measurement configuration associated with the SCG;
4>	if reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:
5>	if the measObjectNR indicated by the servingCellMO includes the RS resource configuration corresponding to the rsType indicated in the reportConfig:
6>	set the measResultBestNeighCellListNR within measResultServFreqListNR-SCG to include one entry with the physCellId and the available measurement quantities based on the reportQuantityCell and rsType indicated in reportConfig of the non-serving cell corresponding to the concerned measObjectNR with the highest measured RSRP if RSRP measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured RSRQ if RSRQ measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured SINR, where availability is considered according to the measurement configuration associated with the SCG;
7>	if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRS-Indexes and maxNrofRS-IndexesToReport:
8>	for each best non-serving cell included in the measurement report:
9>	include beam measurement information according to the associated reportConfig as described in 5.5.5.2, where availability is considered according to the measurement configuration associated with the SCG;
1>	if there is at least one applicable neighbouring cell to report:
2>	if the reportType is set to eventTriggered or periodical:
3>	set the measResultNeighCells to include the best neighbouring cells up to maxReportCells in accordance with the following:
4>	if the reportType is set to eventTriggered:
5>	include the cells included in the cellsTriggeredList as defined within the VarMeasReportList for this measId;
4>	else:
5>	include the applicable cells for which the new measurement results became available since the last periodical reporting or since the measurement was initiated or reset;
4>	for each cell that is included in the measResultNeighCells, include the physCellId;
4>	if the reportType is set to eventTriggered or periodical:
5>	for each included cell, include the layer 3 filtered measured results in accordance with the reportConfig for this measId, ordered as follows:
6>	if the measObject associated with this measId concerns NR:
7>	if rsType in the associated reportConfig is set to ssb:
8>	set resultsSSB-Cell within the measResult to include the SS/PBCH block based quantity(ies) indicated in the reportQuantityCell within the concerned reportConfig, in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
8>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport are configured, include beam measurement information as described in 5.5.5.2;
7>	else if rsType in the associated reportConfig is set to csi-rs:
8>	set resultsCSI-RS-Cell within the measResult to include the CSI-RS based quantity(ies) indicated in the reportQuantityCell within the concerned reportConfig, in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
8>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport are configured, include beam measurement information as described in 5.5.5.2;
6>	if the measObject associated with this measId concerns E-UTRA:
7>	set the measResult to include the quantity(ies) indicated in the reportQuantity within the concerned reportConfigInterRAT in decreasing order of the sorting quantity, determined as specified in 5.5.5.3, i.e. the best cell is included first;
2>	else:
3>	if the cell indicated by cellForWhichToReportCGI is an NR cell:
4>	if plmn-IdentityInfoList of the cgi-Info for the concerned cell has been obtained:
5>	include the plmn-IdentityInfoList including plmn-IdentityList, trackingAreaCode (if available), ranac (if available) and cellIdentity for each entry of the plmn-IdentityInfoList;
5>	include frequencyBandList if available;
4>	else if MIB indicates the SIB1 is not broadcast:
5>	include the noSIB1 including the ssb-SubcarrierOffset and pdcch-ConfigSIB1 obtained from MIB of the concerned cell;
3>	if the cell indicated by cellForWhichToReportCGI is an E-UTRA cell:
4>	if all mandatory fields of the cgi-Info-EPC for the concerned cell have been obtained:
5>	include in the cgi-Info-EPC the fields broadcasted in E-UTRA SystemInformationBlockType1 associated to EPC;
4>	if the UE is E-UTRA/5GC capable and all mandatory fields of the cgi-Info-5GC for the concerned cell have been obtained:
5>	include in the cgi-Info-5GC the fields broadcasted in E-UTRA SystemInformationBlockType1 associated to 5GC;
4>	if the mandatory present fields of the cgi-Info for the cell indicated by the cellForWhichToReportCGI in the associated measObject have been obtained:
5>	include the freqBandIndicator;
5>	if the cell broadcasts the multiBandInfoList, include the multiBandInfoList;
5>	if the cell broadcasts the freqBandIndicatorPriority, include the freqBandIndicatorPriority;
1>	if uplink PDCP delay results are available:
2>	set the ul-PDCP-DelayResultList to include the uplink PDCP delay results available;
1>	if the corresponding measObject concerns NR:
2>	if the reportSFTD-Meas is set to true within the corresponding reportConfigNR for this measId:
3>	set the measResultSFTD-NR in accordance with the following:
4>	set sfn-OffsetResult and frameBoundaryOffsetResult to the measurement results provided by lower layers;
4>	if the reportRSRP is set to true;
5>	set rsrp-Result to the RSRP of the NR PSCell derived based on SSB;
2>	else if the reportSFTD-NeighMeas is included within the corresponding reportConfigNR for this measId:
3>	for each applicable cell which measurement results are available, include an entry in the measResultCellListSFTD-NR and set the contents as follows:
4>	set physCellId to the physical cell identity of the concered NR neighbour cell.
4>	set sfn-OffsetResult and frameBoundaryOffsetResult to the measurement results provided by lower layers;
4>	if the reportRSRP is set to true:
5>	set rsrp-Result to the RSRP of the concerned cell derived based on SSB;
1>	else if the corresponding measObject concerns E-UTRA:
2>	if the reportSFTD-Meas is set to true within the corresponding reportConfigInterRAT for this measId:
3>	set the measResultSFTD-EUTRA in accordance with the following:
4>	set sfn-OffsetResult and frameBoundaryOffsetResult to the measurement results provided by lower layers;
4>	if the reportRSRP is set to true;
5>	set rsrpResult-EUTRA to the RSRP of the EUTRA PSCell;
1>	increment the numberOfReportsSent as defined within the VarMeasReportList for this measId by 1;
1>	stop the periodical reporting timer, if running;
1>	if the numberOfReportsSent as defined within the VarMeasReportList for this measId is less than the reportAmount as defined within the corresponding reportConfig for this measId:
2>	start the periodical reporting timer with the value of reportInterval as defined within the corresponding reportConfig for this measId;
1>	else:
2>	if the reportType is set to periodical:
3>	remove the entry within the VarMeasReportList for this measId;
3>	remove this measId from the measIdList within VarMeasConfig;
1>	if the UE is in (NG)EN-DC:
2>	if SRB3 is configured:
3>	submit the MeasurementReport message via SRB3 to lower layers for transmission, upon which the procedure ends;
2>	else:
3>	submit the MeasurementReport message via the E-UTRA MCG embedded in E-UTRA RRC message ULInformationTransferMRDC as specified in TS 36.331 [10].
1>	else if the UE is in NR-DC:
2>	if the measurement configuration that triggered this measurement report is associated with the SCG:
3>	if SRB3 is configured:
4>	submit the MeasurementReport message via SRB3 to lower layers for transmission, upon which the procedure ends;
3>	else:
4>	submit the MeasurementReport message via the NR MCG embedded in NR RRC message ULInformationTransferMRDC as specified in 5.7.2a.3;
1>	else:
2>	submit the MeasurementReport message to lower layers for transmission, upon which the procedure ends.
/*End of third change*/


/*Start of fourth change*/
[bookmark: _Toc20426011]–	MeasResults
The IE MeasResults covers measured results for intra-frequency, inter-frequency, and inter-RAT mobility.
MeasResults information element
-- ASN1START
-- TAG-MEASRESULTS-START

MeasResults ::=                         SEQUENCE {
    measId                                  MeasId,
    measResultServingMOList                 MeasResultServMOList,
    measResultNeighCells                    CHOICE {
        measResultListNR                        MeasResultListNR,
        ...,
        measResultListEUTRA                     MeasResultListEUTRA
    }                                                                                                                   OPTIONAL,
    ...,
    [[
    measResultServFreqListEUTRA-SCG         MeasResultServFreqListEUTRA-SCG                                             OPTIONAL,
    measResultServFreqListNR-SCG            MeasResultServFreqListNR-SCG                                                OPTIONAL,
    measResultSFTD-EUTRA                    MeasResultSFTD-EUTRA                                                        OPTIONAL,
    measResultSFTD-NR                       MeasResultCellSFTD-NR                                                       OPTIONAL
     ]],
    [[
    measResultCellListSFTD-NR                       MeasResultCellListSFTD-NR                                                                       OPTIONAL
    ]],
	[[
	ul-PDCP-DelayResultList			UL-PDCP-DelayResultList		OPTIONAL
	]]


}

MeasResultServMOList ::=                SEQUENCE (SIZE (1..maxNrofServingCells)) OF MeasResultServMO

MeasResultServMO ::=                    SEQUENCE {
    servCellId                              ServCellIndex,
    measResultServingCell                   MeasResultNR,
    measResultBestNeighCell                 MeasResultNR                                                                OPTIONAL,
    ...
}

MeasResultListNR ::=                    SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR

MeasResultNR ::=                        SEQUENCE {
    physCellId                              PhysCellId                                                                  OPTIONAL,
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsSSB-Cell                         MeasQuantityResults                                                 OPTIONAL,
            resultsCSI-RS-Cell                      MeasQuantityResults                                                 OPTIONAL
        },
        rsIndexResults                          SEQUENCE{
            resultsSSB-Indexes                      ResultsPerSSB-IndexList                                             OPTIONAL,
            resultsCSI-RS-Indexes                   ResultsPerCSI-RS-IndexList                                          OPTIONAL
        }                                                                                                               OPTIONAL
    },
    ...,
    [[
    cgi-Info                                CGI-InfoNR                                                                    OPTIONAL
    ]]
}

MeasResultListEUTRA ::=                 SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA

MeasResultEUTRA ::=                     SEQUENCE {
    eutra-PhysCellId                        PhysCellId,
    measResult                              MeasQuantityResultsEUTRA,

    cgi-Info                                CGI-InfoEUTRA                                                               OPTIONAL,...
}

MultiBandInfoListEUTRA ::=              SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicatorEUTRA

MeasQuantityResults ::=                 SEQUENCE {
    rsrp                                    RSRP-Range                                                                  OPTIONAL,
    rsrq                                    RSRQ-Range                                                                  OPTIONAL,
    sinr                                    SINR-Range                                                                  OPTIONAL
}


MeasQuantityResultsEUTRA ::=            SEQUENCE {
    rsrp                                    RSRP-RangeEUTRA                                                             OPTIONAL,
    rsrq                                    RSRQ-RangeEUTRA                                                             OPTIONAL,
    sinr                                    SINR-RangeEUTRA                                                             OPTIONAL
}


ResultsPerSSB-IndexList::=              SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerSSB-Index

ResultsPerSSB-Index ::=                 SEQUENCE {
    ssb-Index                               SSB-Index,
    ssb-Results                             MeasQuantityResults                                                         OPTIONAL
}

ResultsPerCSI-RS-IndexList::=           SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerCSI-RS-Index

ResultsPerCSI-RS-Index ::=              SEQUENCE {
    csi-RS-Index                            CSI-RS-Index,
    csi-RS-Results                          MeasQuantityResults                                                         OPTIONAL
}
MeasResultServFreqListEUTRA-SCG ::= SEQUENCE (SIZE (1..maxNrofServingCellsEUTRA)) OF MeasResult2EUTRA

MeasResultServFreqListNR-SCG ::= SEQUENCE (SIZE (1..maxNrofServingCells)) OF MeasResult2NR

UL-PDCP-DelayResultList ::=		SEQUENCE (SIZE (1..maxDRB)) OF UL-PDCP-DelayResult


UL-PDCP-DelayResult ::=			SEQUENCE {
	drb-Id							ENUMERATED {qci1, qci2, qci3, qci4, spare4, spare3, spare2, spare1},
	averagePDCPQueueingDelay					INTEGER (0..FFS),
	pdcpQueueingDelayDistribution				FFS
	...
}
-- TAG-MEASRESULTS-STOP
-- ASN1STOP

	MeasResultEUTRA field descriptions

	eutra-PhysCellId
Identifies the physical cell identity of the E-UTRA cell for which the reporting is being performed. The UE reports a value in the range 0..503, other values are reserved.



	MeasResultNR field descriptions

	cellResults
Cell level measurement results.

	physCellId
The physical cell identity of the NR cell for which the reporting is being performed.

	resultsSSB-Cell
Cell level measurement results based on SS/PBCH related measurements.

	resultsSSB-Indexes
Beam level measurement results based on SS/PBCH related measurements.

	resultsCSI-RS-Cell
Cell level measurement results based on CSI-RS related measurements.

	resultsCSI-RS-Indexes
Beam level measurement results based on CSI-RS related measurements.

	rsIndexResults
Beam level measurement results.



	MeasResults field descriptions

	measId
Identifies the measurement identity for which the reporting is being performed.

	measResultCellListSFTD-NR
SFTD measurement results between the PCell and the NR neighbour cell(s) in NR standalone.

	measResultEUTRA
Measured results of an E-UTRA cell.

	measResultListEUTRA
List of measured results for the maximum number of reported best cells for an E-UTRA measurement identity.

	measResultListNR
List of measured results for the maximum number of reported best cells for an NR measurement identity.

	measResultNR
Measured results of an NR cell.

	measResultServFreqListEUTRA-SCG
Measured results of the E-UTRA SCG serving frequencies: the measurement result of PSCell and each SCell, if any, and of the best neighbouring cell on each E-UTRA SCG serving frequency.

	measResultServFreqListNR-SCG
Measured results of the NR SCG serving frequencies: the measurement result of PSCell and each SCell, if any, and of the best neighbouring cell on each NR SCG serving frequency.

	measResultServingMOList
Measured results of measured cells with reference signals indicated in the serving cell measurement objects including measurement results of SpCell, configured SCell(s) and best neighbouring cell within measured cells with reference signals indicated in on each serving cell measurement object.

	measResultSFTD-EUTRA
SFTD measurement results between the PCell and the E-UTRA PScell in NE-DC.

	measResultSFTD-NR
SFTD measurement results between the PCell and the NR PScell in NR-DC.

	averageDelay
Indicates average PDCP queueing delay in UL, according to average PDCP queueing delay measurement report, as defined in TS 38.314 [X].

	pdcpQueueingDelayDistribution 
Indicates PDCP queueing delay distribution in UL, according to PDCP queueing delay distribution measurement, as defined in TS 38.314 [X].



/*unaffected IEs are not included*/
[bookmark: _Toc20426079]–	ReportConfigNR
The IE ReportConfigNR specifies criteria for triggering of an NR measurement reporting event. Measurement reporting events are based on cell measurement results, which can either be derived based on SS/PBCH block or CSI-RS. These events are labelled AN with N equal to 1, 2 and so on.
Event A1:	Serving becomes better than absolute threshold;
Event A2:	Serving becomes worse than absolute threshold;
Event A3:	Neighbour becomes amount of offset better than PCell/PSCell;
Event A4:	Neighbour becomes better than absolute threshold;
Event A5:	PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;
Event A6:	Neighbour becomes amount of offset better than SCell.
ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        reportSFTD                                  ReportSFTD-NR
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
        ...
}

ReportSFTD-NR ::=                 SEQUENCE {
    reportSFTD-Meas                  BOOLEAN,
    reportRSRP                       BOOLEAN,
    ...,
    [[
    reportSFTD-NeighMeas             ENUMERATED {true}                                OPTIONAL,   -- Need R
    drx-SFTD-NeighMeas               ENUMERATED {true}                                OPTIONAL,   -- Need R
    cellsForWhichToReportSFTD        SEQUENCE (SIZE (1..maxCellSFTD)) OF PhysCellId   OPTIONAL    -- Need R
    ]]
}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...
    },

    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R
    ...,
	[[
	ul-DelayConfig					UL-DelayConfig			OPTIONAL	-- Need R
	]]
}

PeriodicalReportConfig ::=                  SEQUENCE {
    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                    MeasReportQuantity                                             OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    useWhiteCellList                            BOOLEAN,
    ...
}

NR-RS-Type ::=                              ENUMERATED {ssb, csi-rs}

MeasTriggerQuantity ::=                     CHOICE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

MeasTriggerQuantityOffset ::=               CHOICE {
    rsrp                                        INTEGER (-30..30),
    rsrq                                        INTEGER (-30..30),
    sinr                                        INTEGER (-30..30)
}


MeasReportQuantity ::=                      SEQUENCE {
    rsrp                                        BOOLEAN,
    rsrq                                        BOOLEAN,
    sinr                                        BOOLEAN
}


-- TAG-REPORTCONFIGNR-STOP
-- ASN1STOP

	ReportConfigNR field descriptions

	reportType
Type of the configured measurement report. In EN-DC, network does not configure report of type reportCGI using SRB3.



	EventTriggerConfig field descriptions

	a3-Offset/a6-Offset
Offset value(s) to be used in NR measurement report triggering condition for event a3/a6. The actual value is field value * 0.5 dB.

	aN-ThresholdM
Threshold value associated to the selected trigger quantity (e.g. RSRP, RSRQ, SINR) per RS Type (e.g. SS/PBCH block, CSI-RS) to be used in NR measurement report triggering condition for event number aN. If multiple thresholds are defined for event number aN, the thresholds are differentiated by M. The network configures aN-Threshold1 only for events A1, A2, A4, A5 and a5-Threshold2 only for event A5. In the same eventA5, the network configures the same quantity for the MeasTriggerQuantity of the a5-Threshold1 and for the MeasTriggerQuantity of the a5-Threshold2.

	eventId
Choice of NR event triggered reporting criteria.

	maxNrofRS-IndexesToReport
Max number of RS indexes to include in the measurement report for A1-A6 events.

	maxReportCells
Max number of non-serving cells to include in the measurement report.

	reportAddNeighMeas
Indicates that the UE shall include the best neighbour cells per serving frequency.

	reportAmount
Number of measurement reports applicable for eventTriggered as well as for periodical report types.

	reportOnLeave
Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantityCell
The cell measurement quantities to be included in the measurement report.

	reportQuantityRS-Indexes
Indicates which measurement information per RS index the UE shall include in the measurement report.

	timeToTrigger
Time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	useWhiteCellList
Indicates whether only the cells included in the white-list of the associated measObject are applicable as specified in 5.5.4.1.



	PeriodicalReportConfig field descriptions

	maxNrofRS-IndexesToReport
Max number of RS indexes to include in the measurement report.

	maxReportCells
Max number of non-serving cells to include in the measurement report.

	reportAmount
Number of measurement reports applicable for eventTriggered as well as for periodical report types

	reportQuantityCell
The cell measurement quantities to be included in the measurement report.

	reportQuantityRS-Indexes
Indicates which measurement information per RS index the UE shall include in the measurement report.

	useWhiteCellList
Indicates whether only the cells included in the white-list of the associated measObject are applicable as specified in 5.5.4.1.



	ReportSFTD-NR field descriptions

	cellForWhichToReportSFTD
Indicates the target NR neighbour cells for SFTD measurement between PCell and NR neighbour cells.

	drx-SFTD-NeighMeas
Indicates that the UE shall use available idle periods (i.e. DRX off periods) for the SFTD measurement in NR standalone. The network only includes drx-SFTD-NeighMeas field when reprtSFTD-NeighMeas is set to true.

	reportSFTD-Meas
Indicates whether UE is required to perform SFTD measurement between PCell and NR PSCell in NR-DC.

	reportSFTD-NeighMeas
Indicates whether UE is required to perform SFTD measurement between PCell and NR neighbour cells in NR standalone. The network does not include this field if reportSFTD-Meas is set to true.

	reportRSRP
Indicates whether UE is required to include RSRP result of NR PSCell in SFTD measurement result, derived based on SSB. If it is set to true, the network should ensure that ssb-ConfigMobility is included in the measurement object for NR PSCell.



[bookmark: _Toc20487453]–	UL-DelayConfig
The IE UL-DelayConfig IE specifies the configuration of the average and distribution of UL PDCP Packet Delay per DRB measurement specified in TS 38.314 [X].
UL-DelayConfig information element
-- ASN1START

UL-DelayConfig ::=					CHOICE {
		release								NULL,
		setup								SEQUENCE {
			histogramGranularity			ENUMERATED {FFS}
		}
}

-- ASN1STOP

	UL-DelayConfig field descriptions

	histogramGranularity 
Indicates the histogram granularity value to be used by the UE to provide results of distribution of UL PDCP Packet Delay per DRB measurement as specified in TS 38.314 [X]. Value in milliseconds. Value ms30 means 30 ms and so on.


/*End of fourth change*/
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