[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #93	R1-1807288
Busan, South Korea, May 21 – 25, 2018

Agenda item:		7.8.2
Source:	Nokia, Nokia Shanghai Bell
Title:	IMT-2020 self evaluation: Initial UP latency analysis
Document for:		Discussion and Decision
1	Introduction
[bookmark: _Hlk510705081]ITU-R reports M.2410 [1] and M.2412 define the user plane latency requirement and evaluation guidelines in section 4.7.1 and 7.2.6 respectively, as follows:

4.7.1	User plane latency [2]
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.

7.2.6	User plane latency calculation [2]
The proponent should provide the elements and their values in the calculation of the user plane latency, for both UL and DL. Table 3 provides an example of the elements in the calculation of the user plane latency.


TABLE 3
Example of user plane latency analysis template
	Step
	Description
	Value

	1
	UE processing delay
	

	2
	Frame alignment
	

	3
	TTI for data packet transmission
	

	4
	HARQ retransmission
	

	5
	BS processing delay
	

	
	Total one way user plane latency
	



2	UP latency – UE processing capability 1 (eMBB)
The 3GPP specifcations currently define UE processing capability 1 considered as the eMBB UE capability with the following processing requirement. The lower latency UE processing time capability 2 considered as the URLLC UE capability is still under discussion for inclusion.
Table 1: PDSCH processing time for PDSCH processing capability 1 [3]
	Subcarrier spacing
	PDSCH decoding time (front loaded DMRS)

	
	Symbols
	ms

	15 kHz
	8
	0.57

	30 kHz
	10
	0.36

	60 kHz
	17
	0.30

	120 kHz
	20
	0.18



Table 2: PUSCH preparation time for PUSCH timing capability 1 [3]
	Subcarrier spacing
	PUSCH preparation time

	
	Symbols
	ms

	15 kHz
	10
	0.71

	30 kHz
	12
	0.43

	60 kHz
	23
	0.41

	120 kHz
	36
	0.32




2.1	One-way latency with full slot scheduling
Here we assume that the DL processing latency of the BS is the same as UL processing latency requirement of the UE and vice versa. The frame alignment and aligment for uplink feedback transmissions have been made with average assumptions. A more detailed analysis considering actual relative channel placements in time could be made, and that would likely reduce some of the alignment delays.

Table 3: Uplink UP latency, full 14-symbol slot scheduling, no HARQ
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	UE processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.5
	0.25
	0.125
	0.0625

	3
	TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	4
	HARQ retransmission
	-
	-
	-
	-

	5
	BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	2.78
	1.54
	1.085
	0.6875



Table 4: Downlink UP latency, full 14-symbol slot scheduling, no HARQ
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	BS processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.5
	0.25
	0.125
	0.0625

	3
	TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	4
	HARQ retransmission
	-
	-
	-
	-

	5
	UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	2.78
	1.54
	1.085
	0.6875




Assuming 10% HARQ retransmission rate the following latencies are achived
Table 3: Uplink UP latency, full 14-symbol slot scheduling, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	UE processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.5
	0.25
	0.125
	0.0625

	3
	TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.34
	0.18
	0.12
	0.075

	
	a) BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	b) Alignment to control opportunity
	0.5
	0.25
	0.125
	0.0625

	
	c) Transmission of the scheduling request
	0.071
	0.036
	0.018
	0.0090

	
	d) UE processing delay
	0.71
	0.43
	0.41
	0.32

	
	e) Frame alignment
	0.5
	0.25
	0.125
	0.0625

	
	f) TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	5
	BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	3.11
	1.72
	1.21
	0.76



Table 4: Downlink UP latency, full 14-symbol slot scheduling, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	BS processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.5
	0.25
	0.125
	0.0625

	3
	TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.34
	0.18
	0.12
	0.075

	
	a) UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	b) Alignment to control opportunity
	0.5
	0.25
	0.125
	0.0625

	
	c) NACK transmisssion
	0.071
	0.036
	0.018
	0.0090

	
	d) BS processing delay
	0.71
	0.43
	0.41
	0.32

	
	e) Frame alignment
	0.5
	0.25
	0.125
	0.0625

	
	f) TTI for data packet transmission
	1
	0.5
	0.25
	0.125

	5
	UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	3.11
	1.72
	1.21
	0.76



Observation: The eMBB latency requirement can be met with all subcarrier spacings even with full 14-symbol slot based scheduling with and without HARQ.
Observation: The URLLC latency requirement can be met with 120 kHz subcarrier spacings even with full 14-symbol slot based scheduling and eMBB processing time UE capability with and without HARQ.

2.2	One-way latency with shortened data allocation
Table 5: Uplink UP latency, 7-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	UE processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.25
	0.125
	0.0625
	0.03125

	3
	TTI for data packet transmission
	0.5
	0.25
	0.125
	0.0625

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.24
	0.13
	0.098
	0.063

	
	g) BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	h) Alignment to control opportunity
	0.25
	0.125
	0.0625
	0.03125

	
	i) Transmission of the scheduling request
	0.071
	0.036
	0.0178
	0.0089

	
	j) UE processing delay
	0.71
	0.43
	0.41
	0.32

	
	k) Frame alignment
	0.25
	0.125
	0.0625
	0.03125

	
	l) TTI for data packet transmission
	0.5
	0.25
	0.125
	0.0625

	5
	BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	2.27
	1.30
	0.995
	0.657



Table 6: Downlink UP latency, 7-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	BS processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.25
	0.125
	0.0625
	0.03125

	3
	TTI for data packet transmission
	0.5
	0.25
	0.125
	0.0625

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.24
	0.13
	0.098
	0.063

	
	g) UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	h) Alignment to control opportunity
	0.25
	0.125
	0.0625
	0.03125

	
	i) NACK transmisssion
	0.071
	0.036
	0.0178
	0.0089

	
	j) BS processing delay
	0.71
	0.43
	0.41
	0.32

	
	k) Frame alignment
	0.25
	0.125
	0.0625
	0.03125

	
	l) TTI for data packet transmission
	0.5
	0.25
	0.125
	0.0625

	5
	UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	2.27
	1.30
	0.995
	0.657



Table 7: Uplink UP latency, 4-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	UE processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.14
	0.071
	0.036
	0.018

	3
	TTI for data packet transmission
	0.29
	0.14
	0.071
	0.036

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.19
	0.11
	0.087
	0.058

	
	m) BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	n) Alignment to control opportunity
	0.14
	0.071
	0.036
	0.018

	
	o) Transmission of the scheduling request
	0.071
	0.036
	0.0178
	0.0089

	
	p) UE processing delay
	0.71
	0.43
	0.41
	0.32

	
	q) Frame alignment
	0.14
	0.071
	0.036
	0.018

	
	r) TTI for data packet transmission
	0.29
	0.14
	0.071
	0.036

	5
	BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	1.90
	1.12
	0.904
	0.612



Table 8: Downlink UP latency, 4-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	BS processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.14
	0.071
	0.036
	0.018

	3
	TTI for data packet transmission
	0.29
	0.14
	0.071
	0.036

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.19
	0.11
	0.087
	0.058

	
	m) UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	n) Alignment to control opportunity
	0.14
	0.071
	0.036
	0.018

	
	o) NACK transmisssion
	0.071
	0.036
	0.0178
	0.0089

	
	p) BS processing delay
	0.71
	0.43
	0.41
	0.32

	
	q) Frame alignment
	0.14
	0.071
	0.036
	0.018

	
	r) TTI for data packet transmission
	0.29
	0.14
	0.071
	0.036

	5
	UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	1.90
	1.12
	0.904
	0.612



Table 9: Uplink UP latency, 2-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	UE processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.071
	0.036
	0.018
	0.0089

	3
	TTI for data packet transmission
	0.14
	0.071
	0.036
	0.018

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.16
	0.097
	0.080
	0.054

	
	s) BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	t) Alignment to control opportunity
	0.071
	0.036
	0.0178
	0.0089

	
	u) Transmission of the scheduling request
	0.071
	0.036
	0.0178
	0.0089

	
	v) UE processing delay
	0.71
	0.43
	0.41
	0.32

	
	w) Frame alignment
	0.071
	0.036
	0.0178
	0.0089

	
	x) TTI for data packet transmission
	0.14
	0.071
	0.036
	0.018

	5
	BS processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	1.66
	0.994
	0.844
	0.581



Table 10: Downlink UP latency, 2-symbol scheduling period, 10% HARQ retransmissions
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	BS processing delay
	0.71
	0.43
	0.41
	0.32

	2
	Frame alignment
	0.071
	0.036
	0.018
	0.0089

	3
	TTI for data packet transmission
	0.14
	0.071
	0.036
	0.018

	4
	10% HARQ retransmission (0.1*(a+b+c+d+e+f))
	0.16
	0.097
	0.080
	0.054

	
	s) UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	t) Alignment to control opportunity
	0.071
	0.036
	0.0178
	0.0089

	
	u) NACK transmisssion
	0.071
	0.036
	0.0178
	0.0089

	
	v) BS processing delay
	0.71
	0.43
	0.41
	0.32

	
	w) Frame alignment
	0.071
	0.036
	0.0178
	0.0089

	
	x) TTI for data packet transmission
	0.14
	0.071
	0.036
	0.018

	5
	UE processing delay
	0.57
	0.36
	0.3
	0.18

	
	Total one way user plane latency
	1.66
	0.994
	0.844
	0.581



Observation: The eMBB latency requirement can be met with all subcarrier spacings even with full 14-symbol slot based scheduling with and without HARQ.



3	UP latency – UE processing capability 2 (URLLC)
The lower latency UE processing time capability 2 considered as the URLLC UE capability is still under discussion for inclusion. Here we assume a tentative UE processing latency of 2.5 OFDM symbols as has been suggested during the discussions for the URLLC UE processing time capability 2 for 15 and 30 kHz subcarrier spacings.

Table 11: Uplink UP latency for URLLC UE and gNB type for 15 kHz subcarrier spacing
	Step
	Description
	Value [ms]

	
	
	14-symbol
	7 symbols
	4 symbols
	2 symbols

	1
	BS processing delay
	0.089
	0.089
	0.089
	0.089

	2
	Frame alignment
	0.500
	0.250
	0.143
	0.071

	3
	TTI for data packet transmission
	1.000
	0.500
	0.286
	0.143

	4
	1 x HARQ retransmission (a+b+c+d+e+f)
	2.250
	1.250
	0.821
	0.536

	
	a) UE processing delay
	0.089
	0.089
	0.089
	0.089

	
	b) Alignment to control opportunity
	0.500
	0.250
	0.143
	0.071

	
	c) NACK transmisssion
	0.071
	0.071
	0.071
	0.071

	
	d) BS processing delay
	0.089
	0.089
	0.089
	0.089

	
	e) Frame alignment
	0.500
	0.250
	0.143
	0.071

	
	f) TTI for data packet transmission
	1.000
	0.500
	0.286
	0.143

	5
	UE processing delay
	0.089
	0.089
	0.089
	0.089

	
	Total one way user plane latency 
	No HARQ re-Tx
	1.679
	0.929
	0.607
	0.393

	
	
	1 HARQ Re-Tx
	3.929
	2.179
	1.429
	0.929

	
	
	2 HARQ Re-Tx
	6.179
	3.429
	2.250
	1.464




Table 12: Uplink UP latency for URLLC UE and gNB type for 30 kHz subcarrier spacing
	Step
	Description
	Value [ms]

	
	
	14-symbol
	7 symbols
	4 symbols
	2 symbols

	1
	BS processing delay
	0.089
	0.089
	0.089
	0.089

	2
	Frame alignment
	0.250
	0.125
	0.071
	0.036

	3
	TTI for data packet transmission
	0.500
	0.250
	0.143
	0.071

	4
	1 x HARQ retransmission (a+b+c+d+e+f)
	1.214
	0.714
	0.500
	0.357

	
	g) UE processing delay
	0.089
	0.089
	0.089
	0.089

	
	h) Alignment to control opportunity
	0.250
	0.125
	0.071
	0.036

	
	i) NACK transmisssion
	0.036
	0.036
	0.036
	0.036

	
	j) BS processing delay
	0.089
	0.089
	0.089
	0.089

	
	k) Frame alignment
	0.250
	0.125
	0.071
	0.036

	
	l) TTI for data packet transmission
	0.500
	0.250
	0.143
	0.071

	5
	UE processing delay
	0.089
	0.089
	0.089
	0.089

	
	Total one way user plane latency 
	No HARQ re-Tx
	0.929
	0.544
	0.393
	0.286

	
	
	1 HARQ Re-Tx
	2.143
	1.268
	0.893
	0.643

	
	
	2 HARQ Re-Tx
	3.357
	1.982
	1.393
	1.000



Observation: Assuming a proposed 2.5 OFDM symbol processing delay for 15 kHz SCS for URLLC type UE, the URLLC latency requirement can be met with 7-symbol allocation and no HARQ retransmissions, or with 2 symbol allocation and 1 HARQ retransmission.
Observation: Assuming a proposed 2.5 OFDM symbol processing delay for 30 kHz SCS for URLLC type UE, the URLLC latency requirement can be met with 14 and 7-symbol allocation and no HARQ retransmissions, with 4 symbol allocation with 1 HARQ retransmission and with 2 symbol allocation and 2 HARQ retransmissions.

4	Conclusions
The initial analysis in this contribution indicates that the 3GPP specifications can meet the eMBB latency requirement of 4 ms with all sub-carrier spacings with full 14-symbol slot scheduling and taking HARQ into account, and sub-carrier spacings 30, 60 and 120 kHz can meet the URLLC latency requirement with HARQ with shorter data allocation durations. This analysis is conducted with the UE processing capability 1 timings, designed for high data rate eMBB devices, and the proposed, but not yet specified UE processing capability 2 with reduced UE processing time.
Observation: In addition to the 120 kHz SCS, URLLC latency requirement can be met with 30, 60 kHz subcarrier spacings with shorter data allocations and eMBB processing time UE capability taking HARQ into account.
Observation: The URLLC latency requirement can be met with 120 kHz subcarrier spacings even with full 14-symbol slot based scheduling and eMBB processing time UE capability with and without HARQ.
Observation: In addition to the 120 kHz SCS, URLLC latency requirement can be met with 30, 60 kHz subcarrier spacings with shorter data allocations and eMBB processing time UE capability taking HARQ into account.
Observation: Assuming a proposed 2.5 OFDM symbol processing delay for 15 kHz SCS for URLLC type UE, the URLLC latency requirement can be met with 7-symbol allocation and no HARQ retransmissions, or with 2 symbol allocation and 1 HARQ retransmission.
Observation: Assuming a proposed 2.5 OFDM symbol processing delay for 30 kHz SCS for URLLC type UE, the URLLC latency requirement can be met with 14 and 7-symbol allocation and no HARQ retransmissions, with 4 symbol allocation with 1 HARQ retransmission and with 2 symbol allocation and 2 HARQ retransmissions.
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