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1
Introduction
This is a resubmission of R2-1802294. The delta is as below:
- section 2.1 is the same as R2-1802294, and it focuses on SA5 requirement

- add new section 2.2 and it related to SA2 requirement

- some modifications on proposals
At SA5#117 meeting, SA5 discussed 5G network performance measurements and SA5 agreed on a LS on measurement of user plane latency [1]. In this LS, SA5 identified two options on the latency measurement information, and RAN2 is asked to check the feasibility of the two options and provide RAN2 preferences.

For the SA5 LS, RAN2 spent some time on discussions and finally RAN2 agreed on an outgoing LS [7]. In the LS, RAN2 mentioned that RAN2 saw limited time for concluding which option to go within Rel-15 and planned to discuss this further in Rel-16.

In addition, there is an incoming LS from SA2 [8]. One action to RAN2 is listed as below:
2. For Key Issue #4, SA2 is studying mechanisms to measure packet delay between UE and UPF per UE per QoS Flow. The discussed solutions rely on RAN to provide the measured delay between UE and RAN for user plane packet.

RAN2 and RAN3 are kindly requested to clarify whether RAN Rel-16 WI/SI “RAN-centric Data Collection and Utilization for LTE and NR” will study the delay measurement mechanisms over air interface for UL/DL user plane packet.

It is our understanding that the latency measurement is quite similar as SA5 requirement from RAN2 point of view, so we think both requirements can be discussed together.
2
Discussion
2.1
SA5 requirement on the latency measurement
In the LS [1], SA5 mentioned two options and they are listed as below:

SA5 identified two options which could provide the latency measurement information:

· Option1: Specify Uplink user plane latency measurement and Downlink user plane latency measurement separately. In this case, the Uplink and Downlink latencies are measured directly and provided to the operator. 

· Option2: Specify Uplink user plane latency measurement and roundtrip user plane latency measurement separately. In this case, operator derives Downlink user plane latency from measured Uplink and roundtrip latencies. It's not expected that deriving needs to happen in the RAN.

In the LS [1], a pCR is also attached [2] and it is to add use case of monitoring of UL and DL user plane latency into TR 22.891 [3]. In the pCR [2], there is some analysis on UL/DL delay and it is shown in section 5 Annex 1.

Based on Annex 1, we have the follow observations:

Observation 1: From operators’ point of view, there needs two basic latency measurements, one is for uplink and the other is for downlink.

Observation 2: UL/DL latency (or UL/DL delay) is measured in PDCP and SDAP, i.e. the latency is measured in PDCP and SDAP respectively.

Observation 3: UL/DL latency is for user plane, i.e. the measurement object should be PDCP data SDU or SDAP data SDU.

Observation 4: UL/DL latency is defined as: between the time instant “when a packet is received by PDCP/SDAP from upper layers in the receiver side” and the time instant “when the relevant packet is sent from PDCP/SDAP to upper layers in the transmitter side”, while the receiver/the transmitter can be UE/gNB or gNB/UE.
We think that regardless of option 1 and option 2, the latency measurements should be aligned with observation 1, 2, 3 and 4. So we provide table 1 for comparison of option 1 and option 2.

Table 1: Comparison of option 1 and option 2

	
	Option 1
	Option 2

	Observation 1
	Aligned
	UL latency is directly got

DL latency is derived from UL latency and RT latency

	Observation 2
	Aligned
	Aligned

	Observation 3
	Aligned
	Aligned

	Observation 4
	Aligned
	UL latency is directly got
DL latency is derived from UL latency and RT latency


Based on table 1, it can be seen that option 1 is fully aligned with observation 1, 2, 3 and 4. However, option 2 may have some problems on observation 1 and 4, and it is because DL latency is derived from UL latency and RT latency. Here we provide more analysis on such problems.

Figure 1 illustrates the concepts of latency measurement. For option 1, uplink user plane latency measurement is the green line, and downlink user plane latency measurement is the blue line. For option 2, uplink user plane latency measurement is the green line, and roundtrip user plane latency measurement is the red line.
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Figure 1: Illustration of option 2 for UL/DL latency measurement
For red line, it is our understanding that the round trip latency is defined as:

the time delay between the time instant “when a packet is sent by PDCP/SDAP from upper layers in the UE”

and the time instant “when feedback of the relevant packet is received by PDCP/SDAP from upper layer in the UE”.
The key point is “feedback of PDCP/SDAP data”.

For option 2, “feedback of PDCP/SDAP data” is a necessary component for round trip latency, so option 2 relies on the design of “feedback of PDCP/SDAP data”. In other words, this option can only work if PDCP/SDAP support “feedback” mechanism.

For option 1, uplink/downlink user plane latency measurement is calculated as one-way latency, and both measurements do not count the “feedback” part, so this option does not on the design of “feedback of PDCP/SDAP data”.
Observation 5: Option 2 depends on “feedback of PDCP/SDAP data” mechanisms, but option 1 does not.
The “feedback” mechanism should be the same level of ACK/NACK mechanism like in RLC and MAC to ensure timely indication of the data reception status, which can be really used in round trip latency calculation. Although on some layers like PDCP layer, there are mechanisms like status report, this cannot be taken into account because such status report does not have strict timing relation with the received data. Based on this assumption PDCP layer has no “feedback” mechanism which can be used in round trip latency calculation. For SDAP, there is not any feedback mechanism defined.
One may argue that the round trip latency can be other options, e.g. round trip time in RLC + the latency between PDCP/SDAP and RLC. However, the “feedback” issue still exists. In the latest NR RLC specification [6], it defines three modes: TM, UM and AM (the relevant text is shown as below). Option 2 can only work in case of RLC AM mode. And in the sourcing company’s understanding, to have round trip latency from RLC might not be a complete latency measurement in radio interface as well.

An RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Consequently, an RLC entity is categorized as a TM RLC entity, an UM RLC entity or an AM RLC entity depending on the mode of data transfer that the RLC entity is configured to provide.

Observation 6: In the latest NR PDCP and SDAP specifications, there are no “feedback” mechanisms which can be used in round trip latency measurement. If round trip latency is to consist of RLC round trip latency, such latency can be only got in cast of RLC AM.
Based on observation 5 and 6, we do not think that option 2 is fully aligned with observation 1, 2, 3 and 4, so it is not feasible from RAN2 point of view.

2.2
SA2 requirement on the latency measurement

In the LS [8], SA2 mentions their requirement on the delay between UE and RAN for user plane packets. We think option 1 can fully meet the SA2 requirement.
2.3
Summary on the definitions of the latency measurement
Based on the above discussions, we propose to agree on option 1 as the feasible option.

Proposal 1: It is proposed RAN2 to agree on option 1 (in LS [1]) as the only feasible option on the latency measurement
Option1: Specify Uplink user plane latency measurement and Downlink user plane latency measurement separately. In this case, the Uplink and Downlink latencies are measured directly and provided to the operator.
Proposal 2: It is proposed RAN2 to agree on the definitions of the latency measurements are as below:
UL/DL latency is defined as: between the time instant “when a packet is received by PDCP/SDAP from upper layers in the receiver side” and the time instant “when the relevant packet is sent from PDCP/SDAP to upper layers in the transmitter side”, while the receiver/the transmitter can be UE/RAN or RAN/UE.
For the latency measurements, we understand the main use case is URLLC since this service requires low latency between UE and network. For NR, URLLC is one of important services. For LTE, URLLC is also very important, and there were already some features introduced in Rel-15 for URLLC, e.g. short TTI, URLLC. So we think the latency measurement should be considered for both LTE and NR.

Proposal 3: It is proposed RAN2 to agree that the latency measurements should be applied for both LTE and NR. It is proposed to have uniform solutions.
Since RAN2 have received both SA5 LS and SA2 LS, we think RAN2 may need to respond to both WGs via LS. To be more detailed, the responses to the two WGs could be as follows:

- To SA5: suggest to consider option 1 as the only feasible option

- To SA2: RAN2 will study the latency measurement over air interface for UL/DL user plane packet
Proposal 4: It is proposed to send LS(s) to SA2 and SA5, with the following responses:

· To SA5: suggest to consider option 1 as the only feasible option

· To SA2: RAN2 will study the latency measurement over air interface for UL/DL user plane packet

3
Conclusions
In this paper, based on the incoming LSs from SA5 and SA2 ([1][8]), we discuss the definitions of the latency measurement. It is proposed:

Proposal 1: It is proposed RAN2 to agree on option 1 (in LS [1]) as the only feasible option on the latency measurement
Option1: Specify Uplink user plane latency measurement and Downlink user plane latency measurement separately. In this case, the Uplink and Downlink latencies are measured directly and provided to the operator.
Proposal 2: It is proposed RAN2 to agree on the definitions of the latency measurements are as below:
UL/DL latency is defined as: between the time instant “when a packet is received by PDCP/SDAP from upper layers in the receiver side” and the time instant “when the relevant packet is sent from PDCP/SDAP to upper layers in the transmitter side”, while the receiver/the transmitter can be UE/RAN or RAN/UE.
Proposal 3: It is proposed RAN2 to agree that the latency measurements should be applied for both LTE and NR. It is proposed to have uniform solutions.
Proposal 4: It is proposed to send LS(s) to SA2 and SA5, with the following responses:

· To SA5: suggest to consider option 1 as the only feasible option

· To SA2: RAN2 will study the latency measurement over air interface for UL/DL user plane packet

For proposal 4, we have prepared draft response LSs in [9] and [10].
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5
Annex 1 – Illustration of UL/DL delay in SA5 paper S5-181573
Refer to Figure 1, the UL/DL delay is described the latency between gNB and UE described as the following:
· UL delay: the time delay between the time instant when a packet is received by PDCP/SDAP from upper layers in UE and the time instant when the relevant packet is sent from PDCP/SDAP to upper layers in gNB.

· DL delay: the time delay between the time instant when a packet is received by PDCP/SDAP from upper layers in gNB and the time instant when the relevant packet is sent from PDCP/SDAP to upper layers in UE
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Figure 1 Illustration of UL/DL delay

With the separation monitoring of UL/DL information, it is easier for operator to do root cause shooting and apply corresponding solutions. Alternatives to separate direct monitoring of UL/DL latency information could be the "2 ot of 3" principle where "missing" information (e.g. DL latency) can be derived from known round trip and UL latency measurements.
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