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Introduction
In RAN2#106 meeting, we discussed whether to define uplink and downlink user plane latency measurements or to define uplink and roundtrip user plane latency measurements [1] asked by SA5 [2], achieved the agreements and sent a reply LS to SA5 [3].
Agreements
1	Introduce separate measurement associated to over-the-air delay in UL.
2	Average delay UL air-interface 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.
The agreements above are captured by TR37.816 and the SI is already finished. But the definition of UL HARQ feedback is not correct. In this contribution, we intend to clarify the solution of how to record the UL over-the-air delay measurement, and discuss whether the PDCP queuing delay defined in LTE could be reused in NR.
Discussion
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Correction of the Definition of Over-the-Air Delay in UL
In early version of LTE, only synchronous HARQ is supported in UL, and the re-transmission could be adaptive or non-adaptive. And the asynchronous UL HARQ is introduced from Rel-13.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]HARQ feedback for UL data transmission is carried on the PHICH channel in LTE. After receiving the UL data send from UE, the network will feedback whether the data is successfully received. It is more useful for synchronous and non-adaptive HARQ: If UE receives NACK, it will re-transmit the UL data. After the asynchronous HARQ is introduced for UL data transmission in LTE, the HARQ feedback in PHICH is useless, since the network could carry the New Data Indicator(NDI) in DCI, to identity whether a new UL data should UE transmit. 
In NR, there are only three DL physical channels [4]:
	7.1.1       Overview of physical channels
A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers. The following downlink physical channels are defined:
-    Physical Downlink Shared Channel, PDSCH
-    Physical Broadcast Channel, PBCH
-    Physical Downlink Control Channel, PDCCH



PHICH channel is not used in NR, and there is no HARQ feedback for UL data. Only the NDI inherit from LTE is used to indicate the UE whether to send the re-transmission data or a new data. 
Observation: There is no HARQ feedback for UL data in NR.
The UL delay in air-interface could be calculated as the figure below:


Figure1 Calculation of UL delay in air-interface
T1: The time of the first scheduled uplink transmission of this HARQ process, it is also the scheduled grant time decided by the network. 
· The network is aware of the T1 as the network is the one that provides the scheduling grant [1]. After receiving the scheduling grant, UE will send the UL data according to the grant. So T1 could be described as the first scheduled uplink transmission of this HARQ process, but not the time of scheduling grant which seems indicating the time of T0 in Figure1.
T2: The time of  the data of the corresponding HARQ process is successfully decoded.
· The network checks whether the UL data is successfully decoded. If so, the timer of T2 could be determined, and network could send DCI with toggled NDI if there is still data waiting for transmission in UL; if not, the network should send DCI with non-toggled NDI to expect a re-transmission of the data.
So the UL delay in air-interface equals to T2-T1. But since there is no HARQ feedback for UL data transmission, and the description of the start time of the UL delay measurement is unclear, the description in TR37.816 should be modified.
Proposal 1: Redefined the over-the-air delay in UL to the average time between the data of the corresponding HARQ process is successfully decoded to the time of the first scheduled uplink transmission of this HARQ process for the UE.
A TP of TR37.816 is provided in section 5. Since the TR37.816 does not need to be changed, the modification of D2 definition could be considered in stage3 (e.g. TS38.314).
0. Definition of the PDCP queuing delay
The RAN part of UL delay is measured by the following mechanism [5]: 
-	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 getting first grant). D1 is invisible to the network and should be measured by the UE. 
For the definition we can conclude that the D1 reported from UE is the average delay of the packets in PDCP queue. If reuse the definition of “Excess Packet Delay Ratio in Layer PDCP” described in TS36.314 [6], the report of “EXCESS DELAY RATIO_XX” is not accurate, and the delay of D2 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 it is suggest that RAN2 to discuss whether the accurate delay of D1 need to be reported by UE, and how the delay is described also need to be considered.
Proposal 2: RAN2 to discuss whether and how to report the accurate PDCP queuing delay by UE.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analyses in section 2, we have:
Observation: There is no HARQ feedback for UL data in NR.
Proposal 1: Redefined the over-the-air delay in UL to the average time between the data of the corresponding HARQ process is successfully decoded to the time of the first scheduled uplink transmission of this HARQ process for the UE.
Proposal 2: RAN2 to discuss whether and how to report the accurate PDCP queuing delay by UE.
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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. 

· [bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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 the data of the corresponding HARQ process is successfully decodedsending the successful HARQ feedback to the time of the first scheduled uplink transmission of this HARQ processscheduling grant in UL for the UE.
Note: the measurements “average delay DL in CU-UP” and “average delay on F1-U” in the Table 6.2.2-1 could be used.
The RAN part of UL delay is measured by the following mechanism: 
· UE measures D1 and reports the average of D1 to gNB in RRC; 
· gNB measures the D2 and derives UL delay as D1+D2. 
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