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1
Introduction
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.
This paper is to analyse the two options and provide our preference.
2
Discussion
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.
Proposal: It is proposed RAN2 to agree on option 1 as the only feasible option on the latency measurement and send a response LS to SA5.
3
Conclusion
In this paper, regarding SA5 request on checking the feasibility of the two options on the latency measurement, firstly we provide our observations based on SA5 inputs, and then we provide technical analysis and comparison of two options.
Regarding SA5 requirements on the latency measurement, we have the following 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. one latency is measured in PDCP and the other one is measured in SDAP.
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.
The main issue of option 2 is that the option depends on “feedback” mechanism, but so far the “feedback” can be only feasible in some designs, e.g. RLC AM, while both PDCP and SDAP do not have “feedback” designs. In our option, SA5 request on the latency measurement should be aimed at all services and thus aimed at all designs, so option 2 is not feasible.
Observation 5: Option 2 depends on “feedback of PDCP/SDAP data” mechanisms, but option 1 does not.
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.
As a conclusion, we prefer option 1 as the only feasible option on the latency measurement, so we propose:
Proposal: It is proposed RAN2 to agree on option 1 as the only feasible option on the latency measurement and send a response LS to SA5.
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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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