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Introduction

In this contribution, we propose enhancement on L2 measurement on delay related measurement.
Discussion
In NR a total average delay has been defined for NW to monitor QoS performance, which includes average PDCP delay reported by UE. In [1], it is observed that current measurement might not serve well when it comes to spot bad packets that experience larger delay, which shall be the packet that worth noticing by NW. However, since only average calculation is used, such bad packets cannot be identified. Since NW cannot known the number of bad packets, or the percentage of bad packets, no proper optimization can be made by NW.

Observation 1: Average PDCP delay is defined as part of delay measurement in L2 measurement, which cannot be used to identify bad packets suffering from high delay, because only average result is provided. Therefore NW cannot be aware of the number of bad packets and take action.

In [1], it is proposed to define several measurements including maximum/minimum delay, histogram of delay measurement which can provide a complete picture of delay result distributions. However, this option requires introduce several measurements which will have extra complexity in implementation.

Observation 2: To define a set of measurements for delay distribution will introduce extra complexity in implementation.

Actually, similar issue has been discussed in LTE, and during then excess delay as following has been defined, which is used to help NW identity the packets with threshold higher than a configured threshold. 

--------------------------------------------------------  From 36.314 ---------------------------------------------------------
4.2.1.1
UL PDCP Packet Delay per QCI
The objective of this measurement performed by UE is to measure Excess Packet Delay Ratio in Layer PDCP for QoS verification of MDT.

Protocol Layer: RLC, PDCP

	Definition
	PDCP Packet Delay in the UL per QCI. This measurement refers to packet delay for DRBs, which captures the delay from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC. The measurement is done separately per QCI.

Detailed Definition:
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explanations can be found in the table 4.2.1.1-1 below.


Table 4.2.1.1-1
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	Ratio of packets in UL per QCI exceeding the configured delay threshold among the UL PDCP SDUs transmitted.

	
[image: image3.wmf](,)

nExcessTqci


	Number of PDCP SDUs of a data radio bearer with QCI = 
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exceeded the configured delayThreshold as defined in TS 36.331 [5] during the time period T.
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	Number of PDCP SDUs of a data radio bearer with QCI = 
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, for which at least a part of SDU was transmitted during the time period T.
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	Queuing delay observed at the UE PDCP layer from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC, the packet belongs to a data radio bearer with QCI = 
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	The point in time when the PDCP SDU I of a data radio bearer with QCI =
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was delivered to lower layers. 
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	The point in the time when the PDCP SDU I of a data radio bearer with QCI = 
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 arrives at PDCP upper SAP.
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	Index of PDCP SDU that arrives at the PDCP upper SAP during time period 
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	Time period during which the measurement is performed.


4.2.1.1.1
Measurement report mapping for PDCP SDU queuing delay

UL PDCP SDU queuing delay shall be measured according to configuration as defined in TS 36.331 [5].
The UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the total number of SDUs received by the UE during the measurement period.

The reported excess PDCP queuing delay ratio is mapped to 32 levels with the quantities in the range of 0 < nExcess 100% with uniform quantization in the log domain.
The mapping of measured quantity is defined in Table 4.2.1.1.1-1.
Table 4.2.1.1.1-1: EXCESS DELAY RATIO measurement report mapping (5 –bit value)
	Reported value
	Measured quantity value
	Unit

	EXCESS DELAY RATIO_00
	0 < EXCESS DELAY RATIO  0,079
	%

	EXCESS DELAY RATIO_01
	0,079 < EXCESS DELAY RATIO  0,100
	%

	EXCESS DELAY RATIO_02
	0,100 < EXCESS DELAY RATIO 0,126
	%

	EXCESS DELAY RATIO_03
	0,126 < EXCESS DELAY RATIO  0,158
	%

	EXCESS DELAY RATIO_04
	0,158 < EXCESS DELAY RATIO  0,199
	%

	EXCESS DELAY RATIO_05
	0,199 < EXCESS DELAY RATIO  0,251
	%

	EXCESS DELAY RATIO_06
	0,251 < EXCESS DELAY RATIO  0,316
	%

	EXCESS DELAY RATIO_07
	0,316 < EXCESS DELAY RATIO  0,398
	%

	EXCESS DELAY RATIO_08
	0,398 < EXCESS DELAY RATIO  0,501
	%

	EXCESS DELAY RATIO_09
	0,501 < EXCESS DELAY RATIO  0,631
	%

	EXCESS DELAY RATIO_10
	0,631 < EXCESS DELAY RATIO  0,794
	%

	EXCESS DELAY RATIO_11
	0,794 < EXCESS DELAY RATIO  1,000
	%

	EXCESS DELAY RATIO_12
	1,000 < EXCESS DELAY RATIO  1,259
	%

	EXCESS DELAY RATIO_13
	1,259 < EXCESS DELAY RATIO  1,585
	%

	EXCESS DELAY RATIO_14
	1,585 < EXCESS DELAY RATIO  1,995
	%

	EXCESS DELAY RATIO_15
	1,995 < EXCESS DELAY RATIO  2,511
	%

	EXCESS DELAY RATIO_16
	2,511 < EXCESS DELAY RATIO  3,161
	%

	EXCESS DELAY RATIO_17
	3,161 < EXCESS DELAY RATIO  3,980
	%

	EXCESS DELAY RATIO_18
	3,980 < EXCESS DELAY RATIO  5,011
	%

	EXCESS DELAY RATIO_19
	5,011 < EXCESS DELAY RATIO  6,309
	%

	EXCESS DELAY RATIO_20
	6,309 < EXCESS DELAY RATIO  7,943
	%

	EXCESS DELAY RATIO_21
	7,943 < EXCESS DELAY RATIO  10,00
	%

	EXCESS DELAY RATIO_22
	10,00 < EXCESS DELAY RATIO  12,589
	%

	EXCESS DELAY RATIO_23
	12,589 < EXCESS DELAY RATIO  15,849
	%

	EXCESS DELAY RATIO_24
	15,849 < EXCESS DELAY RATIO  19,953
	%

	EXCESS DELAY RATIO_25
	19,953 < EXCESS DELAY RATIO  25,119
	%

	EXCESS DELAY RATIO_26
	25,119 < EXCESS DELAY RATIO  31,623
	%

	EXCESS DELAY RATIO_27
	31,623 < EXCESS DELAY RATIO  39,811
	%

	EXCESS DELAY RATIO_28
	39,811 < EXCESS DELAY RATIO  50,119
	%

	EXCESS DELAY RATIO_29
	50,119 < EXCESS DELAY RATIO  63,096
	%

	EXCESS DELAY RATIO_30
	63,096 < EXCESS DELAY RATIO  79,433
	%

	EXCESS DELAY RATIO_31
	79,433 < EXCESS DELAY RATIO  100
	%


--------------------------------------------------------  From 36.314 ---------------------------------------------------------
Observation 3: Excess delay has been defined in LTE to allow NW to know the percentage of packets that is experiencing delay that is out of expectation. 
Since the threshold is configurable by NW, thus it provides sufficient flexibility to NW to configure a proper threshold based on different QoS monitoring requirement. Also, since this delay measurement has been implemented several years, the applicability is also well accepted thus has less complexity in implementation.

Observation 4: Excess delay provides more flexibility to NW since NW can configure a proper threshold based on its requirement, also has less complexity in implementation since it has been widely used in LTE. 

Therefore, based on above analysis, it is proposed to introduce excess delay as defined in LTE in NR L2 measurement.

Proposal 1: Excess delay measurement as defined in LTE is supported in NR L2 measurement.
Conclusion and proposals

Based on above analysis, we have the following proposals: 

Observation 1: Average PDCP delay is defined as part of delay measurement in L2 measurement, which cannot be used to identify bad packets suffering from high delay, because only average result is provided. Therefore NW cannot be aware of the number of bad packets and take action.

Observation 2: To define a set of measurements for delay distribution will introduce extra complexity in implementation.
Observation 3: Excess delay has been defined in LTE to allow NW to know the percentage of packets that is experiencing delay that is out of expectation. 
Observation 4: Excess delay provides more flexibility to NW since NW can configure a proper threshold based on its requirement, also has less complexity in implementation since it has been widely used in LTE. 

Proposal 1: Excess delay measurement as defined in LTE is supported in NR L2 measurement.
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