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Introduction
User plane latency is one of the metrics to be evaluated for ITU-R 5G submission [1]:
	Proposal 2: For performance evaluation, the following allocation of responsibility is proposed. 
· …
· User plane latency, control plane latency, mobility interruption time evaluation results (by analytical) are reviewed by RAN WG2 and reported by LS to RAN.
· …



There were evaluations results for user plane latency submitted in RAN2 NR AH#1801 meeting (e.g. [8][9][10]).
In this contribution, we evaluate user plane latency based on latest RAN1 and RAN2 progress.
Discussion
Requirements
The requirements for user plane latency from ITU-R M.2140 [2] are as follows:
	User plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). It is defined as the one-way time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state.
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.
The minimum requirements for user plane latency are:
–  4 ms for eMBB
–  1 ms for URLLC
assuming unloaded conditions (i.e. a single user) for small IP packets (e.g. 0 byte payload + IP
header), for both downlink and uplink.



LTE methodology
User plane latency evaluation was captured in section 13.3 of TR 25.912 [3], and the evaluation results were further updated in Annex B.2 of TR 36.912 [4]. In LTE, the evaluation is based on the following requirement in section 6.2.2 of TR 25.913 [5]:
"U-Plane Delay Definition – U-plane delay is defined in terms of the one-way transit time between a packet being available at the IP layer in either the UE/RAN edge node and the availability of this packet at IP layer in the RAN edge node/UE. The RAN edge node is the node providing the RAN interface towards the core network.”
It can be seen that the user plane latency definition is same between LTE and ITU-R, therefore similar methodology used in LTE ([3][4]) can be reused. 
Evaluation methodology for NR
Methodology as shown in Figure 1 is used to evaluate user plane latency.

[bookmark: Fig_Methodology]Figure 1: Methodology to evaluate user plane latency
UL user plane latency is TUP= T1 + p×THARQ, where T1= (tUE,tx + tFA,UL) + tUL_duration + tBS,rx, THARQ= T2 + T1, with T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx
· p: HARQ BLER. For eMBB, p=0% and 10% are evaluated. For URLLC, only p=0% is assumed. The reason is that according to the reliability requirement for URLLC captured in section 4.10 of ITU-R M.2140 [2]: the minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data +protocol overhead). To achieve 10-5 error rate, it is expected that the initial HARQ BLER is very low e.g. below 10-3. With such low initial HARQ BLER, including HARQ RTT has little impact to overall user plane latency.
· tUE,tx: N2/2 OFDM symbols, with N2 corresponding to Table 6.4-1 of TS 38.214 [7] (processing capability 1) for eMBB, and Table 6.4-2 of TS S 38.214 [7] (processing capability 2) for eMBB.
· tFA,UL: frame alignment for UL transmission.
· tUL_duration: length of PUSCH transmission, 1 slot for eMBB, 2, 4, 7 OFDM symbols for URLLC.
· tBS,rx: N1/2 OFDM symbols, with N1 corresponding to Table 5.3-1 of TS 38.214 [7] (processing capability 1) for eMBB, and Table 5.3-2 of TS S 38.214 [7] (processing capability 2) for eMBB. The assumption is that no additional PDSCH DM-RS configured, e.g. N1 = 8 OFDM symbols for 15 kHz SCS and processing capability 1.
· tBS,tx: N1/2 OFDM symbols
· tFA,DL: frame alignment for DL transmission.
· tDL_duration: 1 OFDM symbols for PDCCH transmitting ACK/NACK.
· tUE,rx: N2/2 OFDM symbols.
DL user plane latency is TUP= T2 + p×THARQ, where T2= (tBS,tx + tFA,DL) + tDL_duration + tUE,rx, THARQ= T1 + T2, with T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx
· p: HARQ BLER as described for UL user plane latency discussion.
· tBS,rx: N1/2 OFDM symbols.
· tFA,DL: frame alignment for DL transmission.
· tDL_duration: length of PDSCH transmission, 1 slot for eMBB, 2, 4, 7 OFDM symbols for URLLC.
· tUE,rx: N1/2 OFDM symbols.
· tUE,tx: N1/2 OFDM symbols.
· tFA,UL: frame alignment for UL transmission.
· TUL_duration: 1 OFDM symbols for PUCCH transmitting ACK/NACK.
· tBS,tx: N1/2 OFDM symbols

Evaluation for eMBB
For unpaired spectrum, NR supports flexible configuration with parameters dl-UL-TransmissionPeriodicity, nrofDownlinkSlots, nrofDownlinkSymbols, and nrofUplinkSymbols. In the evaluation, an alternating DL/UL pattern is considered, i.e. the periodicity is 2 slots with one slot for DL and the other slot for UL.
User plane latency for downlink and uplink are shown in Table 1 and Table 2, respectively.
[bookmark: Table_eMBB_DL]Table 1: User plane latency (ms) for eMBB (average in downlink)
	HARQ BLER
	Paired spectrum
	Unpaired spectrum

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	0%
	2.07
	1.11
	0.68
	2.57
	1.36
	0.80

	10%
	2.37
	1.26
	0.78
	2.87
	1.51
	0.90


[bookmark: Obs_Coverage]
[bookmark: Table_eMBB_UL]Table 2: User plane latency (ms) for eMBB (average in uplink)
	HARQ BLER
	Paired spectrum
	Unpaired spectrum

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	0%
	2.14
	1.14
	0.73
	2.64
	1.39
	0.86

	10%
	2.44
	1.29
	0.83
	3.04
	1.59
	1.01



[bookmark: Obs_eMBB_Paired]Observation 1: The analysis shows that the 4ms user plane latency requirement for eMBB can be simultaneously satisfied for both downlink and uplink in paired spectrum and unpaired spectrum.
Evaluation for URLLC
[bookmark: _GoBack]Three candidates {2, 4, 7} are considered for the TTI duration (in unit of OFDM symbols). For unpaired spectrum, an alternating DL/UL pattern is assumed, i.e. the periodicity is 2 slots with one slot for DL and the other slot for UL.
Frame Alignment is calculated based on TS 38.214 [7] for DL (Table 5.1.2.1-1) and UL (Table 6.1.2.1-1), respectively. S denotes the starting symbol relative to the start of the slot, and L denotes the number of consecutive symbols counting from the symbol S allocated for the PDSCH/PUSCH.
[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}



Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}



As an example, 2 OFDM symbol duration is taken to illustrate how frame alignment is calculated. With the constraint that slot boundary is not crossed, starting index of PDSCH/PUSCH mapping can only be 0, 1, …, 12 (but not 13, which is the last OFDM symbol). Therefore if data arrives in the first 12 OFDM symbols, it can be transmitted in the next OFDM symbol, which means that the average delay is 0.5 OFDM symbol. But if data arrives in the last 2 OFDM symbols, it can only be transmitted from next slot, which means the average delay is 1 OFDM symbol. In average, the frame alignment is (12*0.5+2*1)/14 = 0.57 OFDM symbols. 
With above assumptions, user plane latency with 0% HARQ BLER for downlink and uplink are shown in Table 3 and Table 4 below.
[bookmark: Table_URLLC_DL]Table 3: User plane latency (ms) for URLLC (average in downlink)
	Transmission duration
	Paired spectrum
	Unpaired spectrum

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	2 OS
	0.40
	0.25
	0.21
	0.70
	0.40
	0.28

	4 OS
	0.57
	0.34
	0.25
	0.93
	0.52
	0.34

	7 OS
	0.86
	0.48
	0.32
	1.28
	0.70
	0.43



[bookmark: Table_URLLC_UL]Table 4: User plane latency (ms) for URLLC (average in uplink)
	Transmission duration
	Paired spectrum
	Unpaired spectrum

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	2 OS
	0.47
	0.27
	0.22
	0.77
	0.42
	0.30

	4 OS
	0.64
	0.35
	0.27
	1.00
	0.53
	0.36

	7 OS
	0.93
	0.5
	0.34
	1.36
	0.71
	0.45


[bookmark: Obs_URLLC]
Observation 2: The analysis shows that the 1ms user plane latency requirement for URLLC can be simultaneously satisfied for both downlink and uplink in paired and unpaired spectrum.
Conclusion
In this contribution, we evaluate user plane latency. We have the following observations.
Observation 1: The analysis shows that the 4ms user plane latency requirement for eMBB can be simultaneously satisfied for both downlink and uplink in paired spectrum and unpaired spectrum.
Observation 2: The analysis shows that the 1ms user plane latency requirement for URLLC can be simultaneously satisfied for both downlink and uplink in paired and unpaired spectrum.
We propose the following:
Proposal 1: The user plane latency results are captured in IMT-2020 self-evaluation.
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