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1
Introduction
In the study on RAN-centric data collection and utilization [1], RAN2 has agreed the solutions of RAN part of the packet delay. Also the objectives of the WID [2] on SON/MDT support for NR include the specification of L2 measurement.

	· Specification of L2 measurements [RAN2, RAN3]

· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840) [RAN2, RAN3 may be needed depending on RAN2 progress]




Also RAN2 has agreed that packet delay measurement for UL shall be supported for MDT performance.

In this contribution, we will discuss the UL delay measurements for L2 measurement and MDT measurement.
2
Discussion
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 1: 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
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.

Proposal 1: NG-RAN informs the UE of the UL PDCP queuing delay measurement configuration in the reportConfigNR of RRCReconfiguration.
Proposal 2: UE reports the UL PDCP queuing delay measurement result (i.e. D1) in the measResults of measurementReport.
In our understanding the D1 measurement will increase the per packet processing load and impact UL peak data rate because UE need to calculate the D1 of every packet. Also the operator may only want to collect the delay of part of services. RAN has agreed that the UL packet delay is measured by UE at DRB level. Therefore we think the network need to inform the UE which DRB are need to be measured and inform the UE of the measurement period. In order to control the reporting overhead of Uu and satisfy the different requirement of service, we think the measurement period of different DRB may be different.

Proposal 3: The UL PDCP queuing delay measurement configuration includes the reporting periods and measured DRB IDs. The reporting periods are configured per DRB. The results are reported per DRB.
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. But currently the over-the-air delay in UL includes the time of waiting the resource to send 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, number of consecutive full DL slots at the beginning of each DL-UL pattern, number of consecutive full UL slots at the end of each DL-UL pattern and others. The maximum values for number of consecutive full UL slots is 80. Therefore when the gNB has decoded the PUSCH, the gNB also need to wait the DL slot to send the ACK. In our understanding the UL delay should not include the time of waiting the resource to send the ACK in order to get the actual delay. Therefore we think the over-the-air delay in UL is defined as the average time from the time of the successful receiving of PUSCH to the time of scheduling grant in UL for the UE. Also after checking the definitions in SA5, SA5 does not defined these two measurements. Therefore we think RAN2 need to define these two measurements.
Observation 2: 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 4:  Define two new measurements in the DU: the over-the-air delay in UL (i.e. D2.1) and the UL RLC delay (D2.2). 
· The over-the-air delay in UL is defined as the average time from the time of the successful receiving of PUSCH to the time of scheduling grant in UL for the UE
· 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 3: 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 5: Define one new measurement in the CU-UP: 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, 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. As discussed in [3], we think the UL packet delay in MDT can reuse the definition of UL delay in L2 measurement. According to the LS [4] 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.
Proposal 6: 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.
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 7: 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 4: The UL delay coordination mechanism in CU/DU split architecture depends on RAN3 decision.
3
Conclusions
In this paper, we discussed the UL delay measurements. Firstly, we have the following observations:

Observation 1: 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),D2.4(PDCP re-ordering delay).
Observation 2: 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).
Observation 3: The F1 delay (i.e. D2.3) takes the definition of SA5 as the baseline.

Observation 4: The UL delay coordination mechanism in CU/DU split architecture depends on RAN3 decision.
Secondly, we have the following proposals:

Proposal 1: NG-RAN informs the UE of the UL PDCP queuing delay measurement configuration in the reportConfigNR of RRCReconfiguration.
Proposal 2: UE reports the UL PDCP queuing delay measurement result (i.e. D1) in the measResults of measurementReport.
Proposal 3: The UL PDCP queuing delay measurement configuration includes the reporting periods and measured DRB IDs. The reporting periods are configured per DRB. The results are reported per DRB.
Proposal 4:  Define two new measurements in the DU: the over-the-air delay in UL (i.e. D2.1) and the UL RLC delay (D2.2). 
· The over-the-air delay in UL is defined as the average time from the time of the successful receiving of PUSCH to the time of scheduling grant in UL for the UE
· 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 5: Define one new measurement in the CU-UP: 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 6: 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
Proposal 7: 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.
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