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1
Introduction
For the SI RAN-centric data collection and utilization, RAN2 agreed on solutions of RAN part of the packet delay [1]. In the last meeting, RAN2 has some agreements on the UL delay. This paper is to discuss solution details.
In addition, we also provide some analysis for delay measurement in MR-DC scenarios.
2
Discussion
2.1
Downlink delay measurement
2.1.1
Overview

According to the definition of DL packet delay measurement in L2 measurement, RAN part of the DL delay is measured by gNB by DRB level. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. In the study stage, RAN2 gives one example that the RAN part of the DL delay includes average delay in CU-UP, average delay on F1-U and average delay DL in gNB-DU. In our understanding, this example has included all the DL delay in the gNB. Therefore we think RAN2 can reuse it in the WI. 

Observation 1: The RAN part of the DL delay includes the DL delay in gNB-DU (i.e. D1), the delay on F1-U (i.e. D2) and the DL delay in CU-UP (i.e. D3).
During the SI, RAN2 think the measurements “average delay DL in CU-UP” and “average delay on F1-U” defined in TS 28.552 could be used. The average delay DL in gNB-DU is still FFS in RAN2. In this contribution, we will further discuss these measurements.

Table 1 Summary of DL packet delay measurement
	Elements of DL packet delay
	Measurement and Reporting

	D1 (the DL delay in gNB-DU)
	Measured by the gNB-DU
It is still FFS

	D2 (the DL delay on F1-U)
	Measured by the CU-UP

The definition in TS 28.552 is the baseline

	D3 (the DL delay in CU-UP)
	Measured by the CU-UP. 

The definition in TS 28.552 is the baseline


2.1.2
Technical discussions

 The average delay DL in gNB-DU in TS 28.552 is obtained as following:

This measurement is obtained as: sum of (time when the last part of an RLC SDU was scheduled and sent to the MAC layer for transmission over the air, minus time of arrival of the same packet at the RLC ingress F1-U termination) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination. If the RLC SDU needs retransmission (for Acknowledged Mode) the delay will still include only one contribution (the original one) to this measurement. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3). Each measurement is an integer representing the mean delay in microseconds. 

In our understanding, the DL delay defined in TS 28.552 only measures the latency of RLC layer. It does not include the harq (re)transmission delay. Therefore it cannot reflect the actual delay. 

Observation 2: The average DL delay in gNB-DU defined in 5.1.3.3.3 of TS 28.552 does not include the harq (re)transmission delay. 

Also TS 28.552 defines the average delay DL air-interface. It is obtained as following:

This measurement is obtained as: sum of (time when the last part of an RLC SDU packet was received by the UE according to received HARQ feedback information, minus time when the last part of the same packet was transmitted over the air) divided by total number of RLC SDUs arriving at MAC lower SAP. If the RLC SDU needs retransmission (for Acknowledged Mode) the delay will still include only one contribution (the original one) to this measurement. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3).

In our understanding, the average delay DL air-interface only measures the delay of the last part of an RLC SDU packet. It does not include the delay of the whole RLC SDU packet. Therefore it cannot reflect the actual delay. 

Observation 3: The average delay DL air-interface defined in 5.1.1.1.1 of TS 28.552 is the average delay of the last part of every RLC SDU. 
In the email discussion of RAN2#105bis meeting, most infra-vendors and operators would like to specify DL delay measurement. Therefore we think RAN2 need to specify the detail DL delay measurement in gNB-DU. In our understanding, the DL delay in gNB-DU can be specified like the DL delay in TS 36.314. But the DL delay in TS 36.314 includes the time of waiting the resource to send the ACK and the time of sending the ACK. For example, in the TDD NR, the network informs the UE of the UL/DL TDD configuration. The UL/DL TDD configuration includes the periodicity of the DL-UL pattern, the number of consecutive full DL slots at the beginning of each DL-UL pattern and others. The maximum values for the number of consecutive full DL slots is 80. Therefore when the UE has successfully decoded the PDSCH, the UE also need to wait the UL slot to send the ACK. Also the UE need to send the ACK according to the number of symbols configured by the network. In our understanding the DL delay should not include the time of waiting the resource to send the ACK and the time of sending the ACK in order to get the actual delay. According to the TS 38.214, RAN1 has specified the UE PDSCH processing procedure time. Then the network can estimate the time that the UE has finished the PDSCH processing. And also the network knows the number of symbols to transmit the PUCCH. Therefore when the network calculate the DL delay in gNB-DU, it can exclude the time of waiting the resource to send the ACK of the last piece of a PDCP SDU and the time of sending the ACK.
Proposal 1: Define one new measurement the DL delay in gNB-DU (i.e. D1) in TS 38.314. It is obtained as: the time when the last piece of a PDCP SDU was received by the UE according to received HARQ ACK feedback information minus time of arrival of the same PDCP SDU at the RLC ingress F1-U termination, and also minus the time of UE waiting the resource to send the HARQ ACK and the time of sending the HARQ ACK.

According to the TS 28.552, the delay on F1-U is defined as the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two. Therefore it is measured by the CU-UP, and it assumes the delay of UL and DL on F1-U are the same. We think the delay D2 can take the definition of SA5 as the baseline.

Observation 4: The DL delay on F1-U (i.e. D2) takes the definition of SA5 as the baseline.

According the TS 28.552, SA5 defines the delay DL in CU-UP. It is defined as time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress IP termination. Therefore we think the DL delay in CU-UP (i.e. D3) can take the definition of SA5 as the baseline.

Observation 5: The DL delay in CU-UP (i.e. D3) takes the definition of SA5 as the baseline.

In LTE, the DL packet delay is used for both the L2 measurement and the immediate MDT measurement. We think the DL packet delay in NR MDT can reuse the definition of DL delay in NR L2 measurement. According to the LS [2] from SA2, SA2 has concluded to collect the RAN part of DL delay. In our understanding, RAN can also use the definition of DL delay in L2 measurement to collect the RAN part of DL delay. Also during the study on the RAN part of packet delay in L2 measurements, RAN2 has considered the requirement of immediate MDT and the requirement from SA2.
Observation 6: The DL delay measurement in immediate MDT and the DL delay collection from SA2 requirement on QoS monitoring reuse the measurement methods of RAN part of packet DL delay in L2 measurement.
In LTE, for the immediate MDT measurements, most of these measurements (e.g. DL signal quantities measurement, power headroom measurement, data volume measurement for DL and UL, scheduled IP throughput for DL and UL, packet delay measurement for UL) are measured per UE or per QCI per UE or per RAB per UE. The packet delay measurement for DL is measured per QCI. In NR, RAN2 has agreed that the delay measurement are measured per DRB and the delay may be converted to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment. In our understanding, it means the delay are measured per DRB per UE. Also according to the LS [4] from SA2, the delay measurement results are required per QoS flow per UE. Therefore we think the DL delay should be measured per DRB per UE. It means the DL delay in gNB-DU (i.e. D1), the DL delay on F1-U (i.e. D2), and the DL delay in CU-UP (i.e. D3) should be measured per DRB per UE.

According to the definitions of average delay DL in CU-UP, average delay on F1-U and average delay DL in gNB-DU in TS 28.552, they are measured per QoS level (mapped 5QI or QCI in NR option 3). They are calculated based on all the packets of the same QoS level (i.e. these packets may come from different UEs), are not calculated per DRB per UE. Therefore these SA5 defined measurements may not be directly used for calculating the DL delay.

Proposal 2: The DL delay in gNB-DU (i.e. D1), the DL delay on F1-U (i.e. D2) and the DL delay in CU-UP (i.e. D3) are measured per DRB per UE.

Based on the above analysis, here is a summary on D1, D2 and D3 for DL delay measurement.
Table 2: Analysis on DL delay measurement
	Measurements
	Definitions
	Granularity
	Whether we can reuse the definitions in TS 28.552

	D1 (the DL delay in gNB-DU)
	the time when the last piece of a PDCP SDU was received by the UE according to received HARQ ACK feedback information minus time of arrival of the same PDCP SDU at the RLC ingress F1-U termination, and also minus the time of UE waiting the resource to send the HARQ ACK and the time of sending the HARQ ACK
	per DRB per UE
	SA5 does not define the similar measurements. RAN2 need to define the new measurements in the specification. 

	D2 (the DL delay on F1-U)
	the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two
	per DRB per UE
	The definitions in SA5 is measured per mapped 5QI, is not measured per DRB per UE. Therefore we cannot directly reuse the definition of SA5.

	D3 (the DL delay in CU-UP)
	time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress IP termination
	per DRB per UE
	The definitions in SA5 is measured per mapped 5QI, is not measured per DRB per UE. Therefore we cannot directly reuse the definition of SA5.


According to the above definitions of the DL delay measurements, we think the DL delay measurements are only measured by the NG-RAN and does not involve the reporting of UE measurement. In the CU/DU split architecture, the delay on F1-U (i.e. D2) and the DL delay in CU-UP (i.e. D3) are measured by the CU-UP, the DL delay in gNB-DU (i.e. D1) is measured by the gNB-DU. The total RAN part of DL delay measurement result is derived based on these three measurements. Therefore the coordination between CU-UP and gNB-DU is needed. The coordination mechanism depends on RAN3 decision. 

Observation 7: The DL delay measurement is only measured by gNB and does not involve the UE. The DL delay measurement coordination mechanism in CU/DU split architecture depends on RAN3 decision.
2.2
Uplink delay measurement
2.2.1
Overview

According to the definition of UL packet delay measurement in L2 measurement, RAN part of the UL delay is measured by gNB by DRB level. RAN part of the UL delay is defined as the delay from packet entering the UE’s PDCP upper SAP to leaving gNB’s PDCP upper SAP. It is separated into D1 and D2. D1 includes 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 getting first grant). D2 includes HARQ (re)transmission delay, RLC delay, F1 delay and PDCP re-ordering delay in gNB. D1 is measured by the UE and is reported to the gNB in RRC. D2 is measured by the gNB. The average delay on F1-U and the average delay UL in CU-UP defined in TS 28.552 can be used for the F1 delay and the PDCP re-ordering delay in gNB respectively.

Table 1 summary of UL packet delay measurement

	Elements of UL packet delay
	Measurement and Reporting

	D1 (the PDCP queuing delay in the UE)
	Measured by the UE and reported to the gNB via RRC

	D2 (the rest of the delay in the gNB)
	Measured by the gNB

	- D2.1: HARQ (re)transmission delay
	Measured by the gNB-DU

	- D2.2: RLC delay
	Measured by the gNB-DU

	- D2.3: F1 delay
	Measured by the gNB-CU-UP

	- D2.4: PDCP re-ordering delay
	Measured by the gNB-CU-UP


Observation 8: The UL packet delay includes: D1 (the PDCP queuing delay in the UE), D2.1 (HARQ (re)transmission delay), D2.2 (RLC delay), D2.3 (F1 delay), and D2.4 (PDCP re-ordering delay).
2.2.2
Technical discussions

In LTE, the eNB sends the ul-DelayConfig-r13 within the ReportConfigEUTRA in the RRCConnectionReconfiguration. The ul-DelayConfig-r13 includes the delay threshold value used by UE to provide results of UL PDCP Packet Delay per QCI measurement. The UE reports the excess queueing delay ratio per QCI in the UL-PDCP-DelayResultList-r13 in the MeasurementReport.
According to the agreements of RAN2, UE measures D1 and reports the average of D1 to gNB in RRC. Therefore the gNB need to send the UL delay measurement configuration to UE. We think it is configured and reported like the mechanism of LTE.
In LTE, the UL packet delay was introduced to measure the UL PDCP SDU queuing delay by the UE for QoS verification of MDT. In our understanding, NR can collect the whole RAN part of delay in MDT. We think the UL packet delay in MDT can reuse the definition of UL delay in L2 measurement. According to the LS [2] from SA2, SA2 has concluded to collect the RAN part of UL delay. In our understanding, RAN can also use the definition of UL delay in L2 measurement to collect the RAN part of UL delay. Also during the study on the RAN part of packet delay in L2 measurements, RAN2 has consider the requirement of immediate MDT and the requirement from SA2.

As discussed in [3], we proposes that the network configure the UL delay measurement in the reportConfigNR of RRCReconfiguration and UE reports the result in the measResults of measurementReport per DRB. 
Observation 9: The UL delay measurement in immediate MDT and the UL delay collection from SA2 requirement on QoS monitoring reuses the measurement methods of RAN part of packet UL delay in L2 measurement.
RAN2 has agreed to introduce one separate measurement associated to over-the-air delay in UL. It is defined as the average time from the time of sending the successful HARQ feedback to the time of scheduling grant in UL for the UE. In our understanding, it only includes the D2.1 HARQ (re)transmission delay and does not include the D2.2 RLC delay in DU. Therefore we think the total delay in DU should include the over-the-air delay in UL and the UL RLC delay. The UL RLC delay can be defined to the delay from the first part of an RLC SDU was received to the RLC SDU was sent to the CU. 

Observation 10: The over-the-air delay in UL is equal to the D2.1 (HARQ (re)transmission delay). The total UL delay in DU should include the over-the-air delay in UL (i.e. D2.1) and the UL RLC delay (D2.2).
Proposal 3:  Define one new measurements in the DU in TS 38.314: the UL RLC delay (D2.2). 
· The UL RLC delay is defined to the delay from the first part of an RLC SDU was received to the RLC SDU was sent to the CU

According to the TS 28.552, the delay on F1-U is defined as the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two. Therefore it is measured by the CU-UP, and think the delay of UL and DL are the same. Therefore we think the delay D2.3 can take the definition of SA5 as the baseline.

Observation 11: The F1 delay (i.e. D2.3) takes the definition of SA5 as the baseline.

According the TS 28.552, SA5 defines the delay DL in CU-UP. It is defined as time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress IP termination. But SA5 does not define the delay UL in CU-UP. In our understanding, the delay UL in CU-UP includes the dealing time of PDCP PDU and the time of PDCP re-ordering.  The time of PDCP re-ordering may be large because one PDCP SDU need to wait the arriving of the previous PDCP SDU. The delay DL in CU-UP is different with the delay UL in CU-UP. Therefore RAN2 need to introduce one new measurement of the delay UL in CU-UP. It is defined as time when sending a PDCP SDU to the CN on NG-U, minus time of arrival of the same packet at F1-U.
Proposal 4: Define one new measurement in the CU-UP in TS 38.314: the delay UL in CU-UP (i.e. D2.4) . It is defined as time when sending a PDCP SDU to the CN on NG-U, minus time of arrival of the same packet at F1-U.
In LTE, for the immediate MDT measurements, most of these measurements (e.g. DL signal quantities measurement, power headroom measurement, data volume measurement for DL and UL, scheduled IP throughput for DL and UL, packet delay measurement for UL) are measured per UE or per QCI per UE or per RAB per UE. In NR, RAN2 has agreed that the delay measurement are measured per DRB and the delay may be converted to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment. In our understanding, it means the delay are measured per DRB per UE. Also according to the LS [4] from SA2, the delay measurement results are required per QoS flow per UE. Therefore we think the D1 and D2 should be measured per DRB per UE. D2 includes the over-the-air UL delay in DU (i.e. D2.1), the UL RLC delay (i.e. D2.2), the delay on F1-U (i.e. D2.3), and the PDCP re-ordering delay (i.e. D2.4). Therefore we think these measurements should be measured per DRB per UE. But according to the definitions of average delay DL in CU-UP, average delay on F1-U and average delay DL in gNB-DU in TS 28.552, they are measured per QoS level (mapped 5QI or QCI in NR option 3). They are calculated based on all the packets of the same QoS level (i.e. these packets may come from different UEs), are not calculated per DRB per UE. Therefore we think we cannot directly reuse the definitions in SA5. 

Proposal 5: The over-the-air UL delay in DU (i.e. D2.1), the RLC delay (i.e. D2.2), the F1 delay (i.e. D2.3) and the PDCP re-ordering delay (i.e. D2.4) should be measured per DRB per UE.
Based on the above analysis, here is a summary on UL delay measurement.
Table 2: Analysis on UL Delay measurement
	Measurements
	Definitions
	Granularity
	Whether we can reuse the definitions in TS 28.552

	D1 (by UE)
	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 getting first grant)
	per DRB per UE
	SA5 does not define the similar measurements. RAN2 need to define the new measurements in the specification. 

	D2 (by gNB)
	
	per DRB per UE
	

	- D2.1: HARQ (re)transmission delay(i.e. the over-the-air UL delay)
	the average time from the time of the successful receiving of PUSCH to the time of scheduling grant in UL for the UE
	per DRB per UE
	SA5 does not define the similar measurements. RAN2 need to define the new measurements in the specification.

	- D2.2: RLC delay
	the delay from the first part of an RLC SDU was received to the RLC SDU was sent to the CU
	per DRB per UE
	SA5 does not define the similar measurements. RAN2 need to define the new measurements in the specification.

	- D2.3: F1 delay
	the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two
	per DRB per UE
	The definitions in SA5 is measured per mapped 5QI, is not measured per UE per DRB. Therefore we cannot directly reuse the definition of SA5.

	- D2.4: PDCP re-ordering delay
	time when sending a PDCP SDU to the CN on NG-U, minus time of arrival of the same packet at F1-U
	per DRB per UE
	SA5 does not define the similar measurements. RAN2 need to define the new measurements in the specification.


According to the above definition of the UL delay measurements, we think the total UL delay measurement is derived based on the D1 received by the CU-CP, the D2.1& D2.2 in the gNB-DU, and the D2.3 &D2.4 in CU-UP. Therefore the coordination among these entities is needed. The coordination mechanism depends on RAN3 decision. 

Observation 11: The UL delay coordination mechanism in CU/DU split architecture depends on RAN3 decision.
2.3
Delay measurement in MR-DC scenarios
UL delay is defined as the delay from packet entering the UE’s PDCP upper SAP to leaving gNB’s PDCP upper SAP. It is separated into D1 and D2. D1 is the PDCP queuing delay in the UE, including the delay from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available. D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay and PDCP re-ordering delay in gNB. DL latency includes average delay in CU-UP, average delay on F1-U and average delay DL in gNB-DU.
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Figure 1 Split bearer in MR-DC

In MR-DC, for split bearers, both MCG and SCG radio resources are involved. The packets of one DRB are transmitted via two paths. The latency of these two paths are different. In our understanding, the delay of split bearers should consider the latency of these two paths in order to get the more accurate latency. 

Proposal 6: It is proposed to study the latency measurement method for the split bearers. 

For the split bearers, the node hosting the PDCP entity receives some packets from another node via the Xn/X2(i.e. there is one additional Xn/X2 latency for these packets). Therefore we think the UL scheduling latency (including HARQ transmission delay and RLC delay) in these two nodes are different in order to ensure the same latency requirement. For example, for the MN terminated split bearer, the SN should schedule the UL packets of this DRB more quickly than the MN. Therefore we think the D1 of these two paths are also different. 

Same to the UL delay, the DL scheduling latency (including HARQ transmission delay and RLC delay) in these two nodes are also different.
Observation 12: The scheduling latency of one split bearer are different in the two nodes of MR-DC.

For the UL delay of the non-split bearer, UE measures D1 and reports the average of D1 to gNB in RRC. gNB measures the D2 and derives UL delay as D1+D2. Because the scheduling latency are different in the two paths, we think the UE should report two D1s in MR-DC. The node hosting the PDCP entity measures the D2 of its path. The corresponding node measures the HARQ (re)transmission delay and RLC delay to the node hosting the PDCP entity. Then the node hosting the PDCP entity separately derives the UL delays of two paths and derives the UL delays of this DRB based on the UL delays of two paths (e.g. the average value). 

For the DL delay, the node hosting the PDCP entity measures the DL latency of its path. The corresponding node measures the DL latency (i.e. the latency of scheduling the RLC SDU) in it and reports to the node hosting the PDCP entity. Then the node hosting the PDCP entity separately derives the DL delays of two paths and derives the DL delays of this DRB based on the DL delays of two paths (e.g. the average value). 

Proposal 7: For the split bearer, UE reports two D1s.

Proposal 8: For the split bearer, the node hosting the PDCP entity derives the delay of the split bearers based on the delay of two paths.

3
Conclusions
In this paper, we provide solution details for downlink and uplink delay measurement. It is proposed:
For downlink delay measurement:

Proposal 1: Define one new measurement the DL delay in gNB-DU (i.e. D1) in TS 38.314. It is obtained as: the time when the last piece of a PDCP SDU was received by the UE according to received HARQ ACK feedback information minus time of arrival of the same PDCP SDU at the RLC ingress F1-U termination, and also minus the time of UE waiting the resource to send the HARQ ACK and the time of sending the HARQ ACK.

Proposal 2: The DL delay measurement in immediate MDT and the DL delay collection from SA2 requirement on QoS monitoring reuse the measurement methods of RAN part of packet DL delay in L2 measurement.
For uplink delay measurement:

Proposal 3:  Define one new measurements in the DU in TS 38.314: the UL RLC delay (D2.2). 
· The UL RLC delay is defined to the delay from the first part of an RLC SDU was received to the RLC SDU was sent to the CU
Proposal 4: Define one new measurement in the CU-UP in TS 38.314: the delay UL in CU-UP (i.e. D2.4). It is defined as time when sending a PDCP SDU to the CN on NG-U, minus time of arrival of the same packet at F1-U.

Proposal 3: Define one new measurement in the CU-UP in TS 38.314: the delay UL in CU-UP (i.e. D2.4). It is defined as time when sending a PDCP SDU to the CN on NG-U, minus time of arrival of the same packet at F1-U.
Proposal 5: The over-the-air UL delay in DU (i.e. D2.1), the RLC delay (i.e. D2.2), the F1 delay (i.e. D2.3) and the PDCP re-ordering delay (i.e. D2.4) should be measured per DRB per UE.
For delay measurement in MR-DC scenarios, we have the following observation as well as proposals:

Proposal 6: It is proposed to study the latency measurement method for the split bearers. 

Proposal 7: For the split bearer, UE reports two D1s.

Proposal 8: For the split bearer, the node hosting the PDCP entity derives the delay of the split bearers based on the delay of two paths.
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