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1 Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]RAN2 has made good progress on over-the-air delay measurements for UL. But other elements of RAN part of UL delay haven’t been discussed on stage 3 details. This contribution mainly discuss on the elements that related with TS 38.314 and TP is prepared in Annex.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK3][bookmark: OLE_LINK4]2 Discussion on RAN part of packet delay measurement
During Study Item, RAN2 has studied RAN part of packet delay measurement, and the agreements are captured in TS 37.816. TS 28.552 has already captured DL delay measurements and RAN2 don’t needs to redefine them.
For UL delay measurement, the agreements are captured in TS 37.816:


Figure 6.2.2.2.1-1: RAN part of UL delay
As shown in figure 6.2.2.2.1-1, RAN part (T2-T1) 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 can be 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, which has included the delay the UE gets resources granted (from sending SR/RACH to getting first grant). D1 is invisible to the network and should be measured by the UE. 
-	D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay* and PDCP re-ordering delay in gNB. Separate measurement associated to over-the-air delay in UL will be introduced, and it is defined as the average time between the time of sending the successful HARQ feedback to the time of scheduling grant in UL for the UE.
As pointed out in R2-1912755[1], UL packet delay includes the following elements:
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: Over-the-air 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



Currently TS 38.314 has only captured D2.1 over-the-air delay in UL. D1 is still undiscussed. Since D1 is reported by UE, and reported to gNB, D1 needs to be captured in TS 38.314, as well as TS 38.331. 
In LTE, 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. 
We propose NR to follow the same principle as LTE. NR UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the reported excess PDCP queuing delay ratio is mapped to 32 levels, same as LTE.
Proposal 1: For UL PDCP Packet Delay measurement, NR UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the reported excess PDCP queuing delay ratio is mapped to 32 levels, same as LTE.
Proposal 2: Capture UL PDCP Packet Delay per mapped 5QI measurement and Excess Delay Ratio measurement report mapping in TS 38.314, taking LTE as baseline. And agree the TP in Annex 2.
For D2.2, the UL RLC delay can be defined to the delay from the first part of an RLC SDU is received to the RLC SDU is sent to the CU.
Proposal 3: The UL RLC delay is defined to the delay from the first part of an RLC SDU is received to the RLC SDU is sent to the CU.
For D2.3 F1 delay, TS 28.552 defined Average delay on F1-U, the feasibility of which has been checked by RAN2&3 during SI. So, D2.3 should reuse the definition of Average delay on F1-U in TS 28.552.
For D2.4 PDCP re-ordering delay, we propose to define it as the delay from the first part of an PDCP SDU is received to the PDCP SDU is sent to upper SAP.
Proposal 4: The UL PDCP re-ordering delay is defined to the delay from the first part of an PDCP SDU is received to the PDCP SDU is sent to upper SAP.
Capture the total RAN part of UL packet delay measurement in TS 38.314, which is defined as sum of D1(PDCP queuing delay), D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay).
Proposal 5: Capture the total RAN part of UL packet delay measurement in TS 38.314, which is defined as sum of D1(PDCP queuing delay), D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay).
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: OLE_LINK45][bookmark: OLE_LINK46]3 Conclusion
[bookmark: _Toc423020280][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we discuss on the remaining issues for L2 measurements. The proposals are as follows:
Proposal 1: For UL PDCP Packet Delay measurement, NR UE shall report UL PDCP SDU queuing delay as the ratio of SDUs exceeding the configured delay threshold and the reported excess PDCP queuing delay ratio is mapped to 32 levels, same as LTE.
Proposal 2: Capture UL PDCP Packet Delay per mapped 5QI measurement and Excess Delay Ratio measurement report mapping in TS 38.314, taking LTE as baseline. And agree the TP in Annex.
Proposal 3: The UL RLC delay is defined to the delay from the first part of an RLC SDU is received to the RLC SDU is sent to the CU.
Proposal 4: The UL PDCP re-ordering delay is defined to the delay from the first part of an PDCP SDU is received to the PDCP SDU is sent to upper SAP.
Proposal 5: Capture the total RAN part of UL packet delay measurement in TS 38.314, which is defined as sum of D1(PDCP queuing delay), D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay).
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[bookmark: _Toc518910513]4.2	NR measurements performed by the UE
[bookmark: _Toc518910514]4.2.1	Packet Delay
[bookmark: _Toc518910515]4.2.1.1	UL PDCP Packet Delay per mapped 5QI
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: PDCP
	Definition
	PDCP Packet Delay in the UL per mapped 5QI. 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 mapped 5QI.

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



Table 4.2.1.1-1
	
	Ratio of packets in UL per mapped 5QI exceeding the configured delay threshold among the UL PDCP SDUs transmitted.

	
	Number of PDCP SDUs of a data radio bearer with QCI = ,for which ULdelay exceeded the configured delayThreshold as defined in TS 38.331 [y] during the time period T.

	
	Number of PDCP SDUs of a data radio bearer with mapped QCI = , for which at least a part of SDU was transmitted during the time period T.

	
	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 mapped 5QI = .

	
	The point in time when the PDCP SDU i of a data radio bearer with mapped 5QI =was delivered to lower layers. 

	
	The point in the time when the PDCP SDU i of a data radio bearer with mapped 5QI =  arrives at PDCP upper SAP.

	
	Index of PDCP SDU that arrives at the PDCP upper SAP during time period . 

	
	Time period during which the measurement is performed.



[bookmark: _Toc518910516]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 38.331 [y].
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
	%
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