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Introduction
In RAN2#107bis meeting, we provide a contribution [1] about the UL delay measurement and propose to discuss whether and how to report the accurate PDCP queuing delay by UE.
In this contribution, we intend to discuss the detail about the possible definition about the PDCP queuing delay in UE for NR.
Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK5][bookmark: OLE_LINK6]The RAN part of UL delay is measured by the following mechanism [2]: 
-	UE measures D1 and reports the average of D1 to gNB in RRC; 
-	gNB measures the D2 and derives UL delay as D1+D2. 


Figure 6.2.2.2.1-1: RAN part of UL delay
Therefore measurement of D2 has no relationship with UE, but 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 get first grant). D1 is invisible to the network and should be measured by the UE. 
Proposal 1: UL PDCP queuing delay value needs to be recorded and reported by UE.
Configuration
A key issue to be resolved during the study for support of URLLC services in SA2 is “QoS Monitoring to Assist URLLC Service”, and the end-to-end packet delay requirements should be fulfilled which needs at least UE and N3 protocol changes to monitor the packet delay between RAN and UE as well as between RAN and UPF per UE per QoS flow [3]. 
The standardized 5QI to QoS characteristics mapping of NR is listed in the table below [4]:
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	[Omit Part]

	74
	
GBR
(NOTE 1)
	56
	500 ms (NOTE 11, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	76
	
	56
	500 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	[Omit Part]

	82
	Delay Critical GBR
	19
	10 ms
(NOTE 4)
	10-4
	255 bytes
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1354 bytes
(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	84
	
	24
	30 ms
(NOTE 6)
	10-5
	1354 bytes
(NOTE 3)
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms
(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2])

	[Omit Part]
NOTE 4:	A static value for the CN PDB of 1 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. When a dynamic CN PDB is used, see clause 5.7.3.4.
NOTE 5:	A static value for the CN PDB of 2 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. When a dynamic CN PDB is used, see clause 5.7.3.4.
NOTE 6:	A static value for the CN PDB of 5 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. When a dynamic CN PDB is used, see clause 5.7.3.4.
[Omit Part]


From the table, 5QI value = 82/83/84/85 are the requirement for delay critical GBR services. Take 5QI value 82/83 as example, the packet delay budget is 10ms, since note4 described that the static value for the CN PDB is 1ms, so the PDB between RAN and UE is 9ms. If dynamic CN PDB is used, and if the NG-RAN node is configured locally with a dynamic value for the CN PDB for a Delay-critical GBR 5QI, and receives a different value via N2 signalling for a QoS Flow with the same 5QI, local configuration in RAN node determines which value takes precedence. But since the UL delay measurement is not only used for URLLC, the maximum PDB value of 500ms should also be considered.
In LTE, the UL delay configuration send to the UE is:
UL-DelayConfig-r13 ::=					CHOICE {
		release								NULL,
		setup								SEQUENCE {
			delayThreshold-r13							ENUMERATED {
												ms30, ms40, ms50, ms60, ms70, ms80,
												ms90,ms100, ms150, ms300, ms500, ms750, spare4,
												spare3, spare2, spare1}
		}
}
In LTE a delay threshold is configured, and only the packets which delay excess the threshold could be counted. But from SA2’s requirement, the average UL delay is required for all packets, so in this case the threshold should be set to zero. Therefore if the threshold field is reused in NR, a “0” value should be added in the enumeration of this field. And if the field is configured with 0ms, all the packets should be counted by UE.
Proposal 2: Add value “0ms” to the enumerated of delayThreshold field in the UL delay configuration.
Reporting
For the definition in the RAN part of UL delay in TR37.816 [2] we can conclude that the D1 reported from UE is the average delay of the packets in PDCP queue. But in LTE, the report of the UL delay by UE is defined as below:
UL-PDCP-DelayResult-r13 ::=			SEQUENCE {
	qci-Id-r13							ENUMERATED {qci1, qci2, qci3, qci4, spare4, spare3, spare2, spare1},
	excessDelay-r13						INTEGER (0..31),
	...
}
[bookmark: _GoBack]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. If NR reuse the definition of “Excess Packet Delay Ratio in Layer PDCP” described in TS36.314 [5], the report of “EXCESS DELAY RATIO_XX” is not accurate, and the delay of D1 cannot be sum up with a ratio value. The ratio value of D1 also cannot meet the SA2 requirement of “UL and DL end-to-end packet delay within the 5G network to Assist URLLC Service”. So for D1, more accurate delay value other than ratio needs to be recorded and reported by UE.
For the report of the UL delay measurement in UE, except for the DRB ID, the exact average delay value should be reported. To consider the delay in RAN protocol, the unit of the delay in each part should be matching the requirement of the URLLC requirement. From the 5QI to QoS characteristics mapping table, we could conclude that the unit of the UL PDCP queuing delay is ms for either URLLC services or non-URLLC services. Since the maximum PDB value is 500ms, the maximum value of the average delay could be set to 1000ms. And the ASN for the IE of UL-PDCP-DelayResult-r16 is listed in below as an example:
UL-PDCP-DelayResult-r16 ::=			SEQUENCE {
	drb-Id-r16							DRB-Identity,
	averagePDCPQueuingDelay-r16		INTEGER (0..1000),
	...
}
And the field description could be added as following:
	MeasResults field descriptions

	averagePDCPQueuingDelay
Average PDCP queuing delay recorded by UE, as defined in TS 38.314 [xx]. Value in milliseconds.


Proposal 3: Include the fields of drb-Id and averagePDCPQueuingDelay in the UL delay measurement report.
Proposal 4: The unit of the UL PDCP queuing delay reported by UE is ms.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analyses in section 2, we propose:
Proposal 1: UL PDCP queuing delay value needs to be recorded and reported by UE.
Proposal 2: Add value “0ms” to the enumerated of delayThreshold field in the UL delay configuration.
Proposal 3: Include the fields of drb-Id and averagePDCPQueuingDelay in the UL delay measurement report.
Proposal 4: The unit of the UL PDCP queuing delay reported by UE is ms.
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