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1
Introduction
In Rel-16, RAN2 introduced RAN part of delay based on QoS monitoring requirement from SA2.

The RAN part of delay includes RAN part of DL delay measurement and RAN part of UL delay measurement. For RAN part of delay, it is to sum the average delay values for different parts. Generally RAN part of delay is to get average values.
We have observed some issues for Rel-16 definitions, and we would like to provide our analysis and solutions in this paper.
2
Discussion
2.1
Maximum/Minimum value of delay
According to the 38.314, the RAN delay is defined (shown in section 4), and the parts of delay are measured and reported periodically. As defined in 38.331 and some RAN3 specifications, the report interval of Dx of packet delay measurement is also defined (shown in section 4). 
The delay measurement is an important KPI for services for 5G, however, the average vlaues can not accurately reflect the status of data transmission in cellular networks. From network point of view, we see the following benefits for maximum and minimum values of delay:

1) Both min and max values are also useful for delay measurement monitoring, the maximum and minimum values can be used for network layer delay demarcation and locating. For example, the network requires a total delay of 20 ms. According to the reported data, the average delay of a network segment is 3 ms, but the maximum delay is 200 ms. In this way, the problem occurs on the network segment.
2) For delay measurement, we think it is important to track the ‘bad’ packets, i.e. the packets with long delay, otherwise there may be gaps between real QoS and the reported delay measurements.
3) operators may want to see such extreme values for more information
One may argue that the maximum and minimum values can be also roughly got if the interval is small enough, i.e. less packets with less internval values. It is our understanding that there is efficency and overhead (complexity, signalling) for the delay measurement collection. From UE point of view, if D1 is to be collected and reported every 120 millisecond, there will be very high signalling overhead and burden for the UE. From network point of view, the small interval will lead to big negative impacts. In this case, we do not think it is a good approach to mandate to use small interval to get maximum and minimum values for delay.
One possible solution to get maximum and minimum values is as below:

· The UE is configured to collect such values, based on network command. And then the UE can report them to the network within the current delay framework
· The network is also configured to collect such values

For the proposed solution, there are not much impacts to standards and implementation. For standards, there needs to introduce maximum and minimum value definition. For implementation, for Rel-16 RAN part of delay, UE and network are required to monitor each sample for a specific UE, and it is natural to get the maximum and minimum vlaues.
Proposal 1: It is proposed RAN2 to discuss maximum and minimum values for delay measurement.
2.2
Histogram of packet delay
In our understanding, the operators (carriers or vertical industry customers) may want to know more details, e.g. the histogram of packet delay, and such information will not only give an overview of delay status but also enable more useful analysis.
Regarding how the histogram of packet delay works, here is an example:

· The network can configure some ranges, e.g. 0ms – 1ms, 1ms – 5ms, 5ms – 10ms, 10ms – 100ms, 100ms – 1s, above 1s, and send then to the UE for D1 measurements
· After the UE receives the configuration from the NW, the UE performs measurements. For each measurement period, the UE counts the number for each range and thus the ratio information is also generated

· The UE finalizes the histogram of packet delay and report it to the network, e.g. 0ms – 1ms (80%), 1ms – 5ms (20%), 5ms – 10ms (0%), 10ms – 100ms (0%), 100ms – 1s (0%), above 1s (0%)

Proposal 2: It is proposed RAN2 to discuss reporting of the histogram of the PDCP queuing delay.
2.3
Packet reliability
For packet reliability, currenlty the standards have defined some measurements, e.g. data loss rate.

However, we think that operators (carriers or vertical industry customers) may want to know the delay measurement at a percentage level. In section 2.1 and 2.2, some considerations on delay measurements are provided, and here we would like to provide the packet reliability measurement in terms of delay.
The measurement can be defined as:

· during a period, the packets go through 3GPP networks can be grouped

· there is X for the targeted delay, e.g. X=20ms
· there is also Y for the percentage of packets which are equal or less than X for the delay

· with X and Y, operators will know the packet reliability and then act correspondlingly
We think such measurement is important and it can reflect packet reliability in terms of the delay KPI, so we would like RAN2 to consider this measurement.

Proposal 3: It is proposed RAN2 to discuss the packet relibility measurement, where it reflects the percentage of packets which meet the targeted delay.

3
Conclusions

In this paper, we provide our analysis on some new L2M measurements, and it is proposed:
Proposal 1: It is proposed RAN2 to discuss maximum and minimum values for delay measurement.
Proposal 2: It is proposed RAN2 to discuss reporting of the histogram of the PDCP queuing delay.
Proposal 3: It is proposed RAN2 to discuss the packet relibility measurement, where it reflects the percentage of packets which meet the targeted delay.

4
Annex
TS 38.314 definition on RAN part of packet delay:

	The RAN part of DL packet delay measurement comprises:

-
D1 (DL delay in over-the-air interface), referring to Average delay DL air-interface in TS 28.552 [2] 5.1.1.1.1.

-
D2 (DL delay on gNB-DU), referring to Average delay in RLC sublayer of gNB-DU in TS 28.552 [2] 5.1.3.3.3.

-
D3 (DL delay on F1-U), referring to Average delay on F1-U in TS 28.552 [2] 5.1.3.3.2.

-
D4 (DL delay in CU-UP), referring to Average delay DL in CU-UP in TS 28.552 [2] 5.1.3.3.1.

---------skip part of texts-------

The RAN part (including UE) of UL packet delay measurement comprises:

-
D1 (UL PDCP packet average delay, as defined in clause 4.3.1.1).

-
D2.1 (average over-the-air interface packet delay, as defined in 4.2.1.2.2).

-
D2.2 (average RLC packet delay, as defined in 4.2.1.2.3).

-
D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U defined in TS 28.552 [2] clause 5.1.3.3.2).

-
D2.4 (average PDCP re-ordering delay, as defined in 4.2.1.2.4).




TS 38.331 definition on delay measurement configuration:
	ul-DelayValueConfig
If the field is present, the UE shall perform the actual PDCP queueing delay measurement per DRB as specified in TS 38.314 [53] and the UE shall ignore the fields reportQuantityCell and maxReportCells. The applicable values for the corresponding reportInterval are (one of the) {ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1,min6, min12, min30}. The reportInterval indicates the periodicity for performing and reporting of UL PDCP Delay per DRB measurement as specified in TS 38.314 [53].


RAN3 definition on delay measurement configuration:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	M6 Report Interval
	M
	
	ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1,min6, min12, min30,…)
	


