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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 DL shall be supported for MDT performance.

In this contribution, we will discuss the DL delay measurements for L2 measurement and MDT measurement.
2
Discussion
2.1
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. 
Proposal 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


2.2
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 1: 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 2: 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(see the Annex), 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 2: Define one new measurement the DL delay in gNB-DU (i.e. D1). 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 3: 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 4: 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. Also as discussed in [3], we think the DL packet delay in NR MDT can reuse the definition of DL delay in NR L2 measurement. According to the LS [4] 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.
Proposal 3: 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 4: 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 5: 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.
3
Conclusions
In this paper, we discussed the DL delay measurements. Firstly, we have the following observations:

Observation 1: 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.

Observation 2: 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.
Observation 3: The DL delay on F1-U (i.e. D2) takes the definition of SA5 as the baseline.

Observation 4: The DL delay in CU-UP (i.e. D3) takes the definition of SA5 as the baseline.

Observation 5: 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.
Secondly, we have the following proposals:
Proposal 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).
Proposal 2: Define one new measurement the DL delay in gNB-DU (i.e. D1). 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 3: 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.
Proposal 4: 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.
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Annex----38.214-f60

5.3
UE PDSCH processing procedure time
If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 

-
N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211]. 

-
If the PDSCH DM-RS position [image: image3.png]


 for the additional DM-RS in Table 7.4.1.1.2-3 in subclause 7.4.1.1.2 of [4, TS 38.211] is [image: image5.png]=12



 then N1,0=14 in Table 5.3-1, otherwise N1,0=13.
-
If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].

-
For the PDSCH mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0
-
For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and

-
if the number of PDSCH symbols allocated is 7, then d1,1 = 0,
-
if the number of PDSCH symbols allocated is 4, then d1,1 = 3

-
if the number of PDSCH symbols allocated is 2, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-
For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], 

-
if the number of PDSCH symbols allocated is 7, then d1,1 = 0,
-
if the number of PDSCH symbols allocated is 4, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,

-
if the number of PDSCH symbols allocated is 2,

-
if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then d1,1 = 3,
-
otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

-
For UE processing capability 2 with scheduling limitation when µPDSCH = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. The UE may skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing time. 
-
For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for the cell and set to enable.

-
If this PUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the HARQ-ACK message is transmitted on PUCCH.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc,1 is used both in the case of normal and extended cyclic prefix.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 

or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1
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