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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 Evaluation methodology
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 initial UE (UL) or BS (DL) processing delay and the final BS (UL) or UE (DL) processing delay are considered as  and , respectively. For DL, the UE processing time for PDSCH follows [3], where the processing time considers the UE capabilities, the mapping types of PDSCH packages, and the slot scheduling setup. 
The actual channel timing has been considered for frame alignment and control alignment for uplink feedback transmissions. The packet could arrive at any timing of any OFDM symbol with an assumption that the average time duration from packet arrival and the starting of the next OFDM symbol is a half of symbol duration. Hence, the initial UE/BS processing delay starts from the beginning of the OFDM symbols in a slot, which leads to 14 scenarios of channel timing calculation for each UE capability, slot scheduling and subcarrier spacing. Latency of all the 14 cases are shown in Appendix A, while channel timing calculations are illustrated in Appendix B to show the difference between the highest and lowest latency scenarios. 
Frequency multiplexing between PDCCH and PDSCH is considered for DL. PDCCH and PUCCH could be transmitted at any symbol in a slot. For granted uplink transmission, UE should send the scheduling request and wait for the scheduling message from BS. PUSCH could then be transmitted at any symbol in a slot as long as the TTI still match with the remaining symbols in that slot. For grant-free uplink transmission, UE could transmit PUSCH without sending the scheduling request. The starting of PUSCH, however, should follow a periodicity of length TTI.
3 UP latency – UE processing capability 1 (eMBB)
The 3GPP specifications currently define UE processing capability 1 considered as the eMBB UE capability with the following processing requirement. 
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



The following tables show the one-way latency of no retransmission, 1 retransmission, and 10% HARQ retransmission in milliseconds for different slot schedulings and subcarrier spacings. For each subcarrier spacing, the scenarios that result in the highest and lowest latency are reported together with the average latency. The scenarios are different at the frame and control alignments. As the highest and lowest latency schemes are selected based on 1 retransmission latency, they might or might not be the highest and lowest latency schemes for no retransmission and 10% HARQ retransmission latency.
3.1	One-way latency with full slot scheduling
Downlink latency
Table 3: Downlink UP latency, full 14-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	BS processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,929
	0,464
	0,000
	0,464
	0,232
	0,000
	0,241
	0,125
	0,009
	0,116
	0,058
	0,000

	4
	TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	5
	a) UE processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,643
	0,643
	0,643
	0,179
	0,179
	0,179
	0,018
	0,018
	0,018
	0,116
	0,116
	0,116

	 
	f) TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	6
	UE processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	2,607
	2,143
	1,679
	1,375
	1,143
	0,911
	0,857
	0,741
	0,625
	0,496
	0,438
	0,379

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	5,607
	5,143
	4,679
	2,875
	2,643
	2,411
	1,857
	1,741
	1,625
	1,246
	1,188
	1,129

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	2,907
	2,443
	1,979
	1,525
	1,293
	1,061
	0,957
	0,841
	0,725
	0,571
	0,513
	0,454



Granted uplink latency
Table 4: Granted uplink UP latency, full 14-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	a) UE processing delay
	0,357
	0,214
	0,205
	0,161

	 
	b) Alignment to SR
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,009
	0,009
	0,009
	0,000
	0,000
	0,000

	 
	c) Scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS delay + frame alignment
	1,000
	0,500
	0,250
	0,125

	 
	e) Scheduling grant
	0,071
	0,036
	0,018
	0,009

	 
	f) UE processing delay
	0,714
	0,429
	0,411
	0,321

	3
	Frame alignment
	0,929
	0,464
	0,000
	0,464
	0,232
	0,000
	0,232
	0,116
	0,000
	0,116
	0,058
	0,000

	4
	TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	5
	a) BS processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,643
	0,643
	0,643
	0,179
	0,179
	0,179
	0,018
	0,018
	0,018
	0,116
	0,116
	0,116

	 
	f) TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	4,464
	4,000
	3,536
	2,375
	2,143
	1,911
	1,554
	1,438
	1,321
	0,960
	0,902
	0,844

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	7,464
	7,000
	6,536
	3,875
	3,643
	3,411
	2,554
	2,438
	2,321
	1,710
	1,652
	1,594

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	4,764
	4,300
	3,836
	2,525
	2,293
	2,061
	1,654
	1,538
	1,421
	1,035
	0,977
	0,919



Grant-free uplink latency

Table 5: Uplink UP latency, grant-free, full 14-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	UE processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,929
	0,464
	0,000
	0,464
	0,232
	0,000
	0,241
	0,125
	0,009
	0,116
	0,058
	0,000

	4
	TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	5
	a) BS processing delay
	0,571
	 
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	 
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,643
	0,643
	0,643
	0,179
	0,179
	0,179
	0,018
	0,018
	0,018
	0,116
	0,116
	0,116

	 
	f) TTI for data packet transmission
	1,000
	0,500
	0,250
	0,125

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	2,607
	2,143
	1,679
	1,375
	1,143
	0,911
	0,857
	0,741
	0,625
	0,496
	0,438
	0,379

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	5,607
	5,143
	4,679
	2,875
	2,643
	2,411
	1,857
	1,741
	1,625
	1,246
	1,188
	1,129

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	2,907
	2,443
	1,979
	1,525
	1,293
	1,061
	0,957
	0,841
	0,725
	0,571
	0,513
	0,454



Observation: The eMBB latency requirement can be met with subcarrier spacings greater than or equal to 30 kHz even with full 14-symbol slot based scheduling with or without HARQ. For 15 kHz SCS, the downlink and grant-free uplink can meet the requirement with 10% HARQ.
Observation: The URLLC latency requirement can be met with SCS greater than or equal to 60 kHz even with full 14-symbol slot based scheduling and eMBB processing time UE capability with 10% HARQ.

3.2	One-way latency with shortened data allocation
Downlink latency
Table 6: Downlink UP latency, 7-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	BS processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,429
	0,107
	0,000
	0,214
	0,054
	0,000
	0,009
	0,036
	0,009
	0,054
	0,013
	0,000

	4
	TTI for data packet transmission
	0,500
	0,250
	0,125
	 
	0,125
	0,063
	 
	0,063

	5
	a) UE processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,143
	0,077
	0,000
	0,000
	0,028
	0,000
	0,107
	0,027
	0,000
	0,054
	0,036
	0,000

	 
	f) TTI for data packet transmission
	0,500
	0,250
	0,125
	0,063

	6
	UE processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	1,607
	1,286
	1,179
	0,875
	0,714
	0,661
	0,500
	0,527
	0,500
	0,371
	0,330
	0,317

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	3,607
	3,219
	3,036
	1,946
	1,814
	1,732
	1,464
	1,411
	1,357
	0,996
	0,938
	0,888

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,807
	1,479
	1,364
	0,982
	0,824
	0,768
	0,596
	0,615
	0,586
	0,433
	0,391
	0,374



Table 7: Downlink UP latency, 4-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	BS processing delay
	0,357
	0,214
	0,205
	 
	0,205
	0,161
	 
	0,161

	3
	Frame alignment
	0,214
	0,031
	0,000
	0,000
	0,015
	0,000
	0,009
	0,017
	0,009
	0,027
	0,004
	0,000

	4
	TTI for data packet transmission
	0,286
	0,143
	0,071
	0,036

	5
	a) UE processing delay
	0,786
	0,464
	0,357
	0,205

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,143
	0,046
	0,000
	0,107
	0,013
	0,000
	0,054
	0,008
	0,000
	0,000
	0,004
	0,000

	 
	f) TTI for data packet transmission
	0,286
	0,143
	0,071
	0,036

	6
	UE processing delay
	0,393
	0,232
	0,179
	0,103

	Total one way user plane latency without retransmission (1+2+3+4+6)
	1,286
	1,102
	1,071
	0,607
	0,622
	0,607
	0,473
	0,481
	0,473
	0,330
	0,307
	0,304

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	3,286
	3,005
	2,929
	1,786
	1,707
	1,679
	1,384
	1,346
	1,330
	0,902
	0,883
	0,875

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,486
	1,292
	1,257
	0,725
	0,731
	0,714
	0,564
	0,567
	0,559
	0,388
	0,365
	0,361



Table 8: Downlink UP latency, 2-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	BS processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,071
	0,005
	0,000
	0,000
	0,003
	0,000
	0,027
	0,010
	0,009
	0,000
	0,001
	0,000

	4
	TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	5
	a) UE processing delay
	0,857
	0,500
	0,375
	0,214

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,000
	0,005
	0,000
	0,036
	0,003
	0,000
	0,000
	0,001
	0,000
	0,009
	0,001
	0,000

	 
	f) TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	6
	UE processing delay
	0,429
	0,250
	0,188
	0,107

	Total one way user plane latency without retransmission (1+2+3+4+6)
	1,036
	0,969
	0,964
	0,554
	0,556
	0,554
	0,464
	0,448
	0,446
	0,290
	0,291
	0,290

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	2,821
	2,760
	2,750
	1,625
	1,594
	1,589
	1,304
	1,288
	1,286
	0,862
	0,854
	0,853

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,214
	1,148
	1,143
	0,661
	0,660
	0,657
	0,548
	0,532
	0,530
	0,347
	0,347
	0,346



Granted uplink latency
Table 9: Granted uplink UP latency, 7-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	a) UE processing delay
	0,357
	0,214
	0,205
	0,161

	 
	b) Alignment to SR
	0,000
	0,000
	0,009
	0,000

	 
	c) Scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS delay + frame alignment
	0,500
	0,250
	0,125
	0,063

	 
	e) Scheduling grant
	0,071
	0,036
	0,018
	0,009

	 
	f) UE processing delay
	0,714
	0,429
	0,411
	0,321

	3
	Frame alignment
	0,429
	0,107
	0,000
	0,000
	0,054
	0,000
	0,000
	0,027
	0,000
	0,054
	0,013
	0,000

	4
	TTI for data packet transmission
	0,500
	0,250
	0,125
	0,063

	5
	a) BS processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,143
	0,077
	0,000
	0,214
	0,028
	0,000
	0,107
	0,027
	0,000
	0,054
	0,036
	0,000

	 
	f) TTI for data packet transmission
	0,500
	0,250
	0,125
	0,063

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	2,964
	2,643
	2,536
	1,411
	1,464
	1,411
	1,071
	1,098
	1,071
	0,772
	0,732
	0,719

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	4,964
	4,577
	4,393
	2,696
	2,564
	2,482
	2,036
	1,982
	1,929
	1,397
	1,340
	1,290

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	3,164
	2,836
	2,721
	1,539
	1,574
	1,518
	1,168
	1,187
	1,157
	0,835
	0,793
	0,776



Table 10: Granted uplink UP latency, 2-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	a) UE processing delay
	0,357
	0,214
	0,205
	0,161

	 
	b) Alignment to SR
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,009
	0,009
	0,009
	0,000
	0,000
	0,000

	 
	c) Scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) BS delay + frame alignment
	0,143
	0,071
	0,036
	0,018

	 
	e) Scheduling grant
	0,071
	0,036
	0,018
	0,009

	 
	f) UE processing delay
	0,714
	0,429
	0,411
	0,321

	3
	Frame alignment
	0,000
	0,005
	0,000
	0,000
	0,003
	0,000
	0,000
	0,001
	0,000
	0,000
	0,001
	0,000

	4
	TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	5
	a) BS processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,071
	0,005
	0,000
	0,036
	0,003
	0,000
	0,018
	0,001
	0,000
	0,009
	0,001
	0,000

	 
	f) TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	1,821
	1,827
	1,821
	1,054
	1,056
	1,054
	0,893
	0,894
	0,893
	0,629
	0,630
	0,629

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	3,393
	3,332
	3,321
	1,982
	1,952
	1,946
	1,679
	1,663
	1,661
	1,165
	1,158
	1,156

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,979
	1,977
	1,971
	1,146
	1,146
	1,143
	0,971
	0,971
	0,970
	0,683
	0,683
	0,682



Grant-free uplink latency
Table 11: Grant-free uplink UP latency, 7-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	UE processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,429
	0,214
	0,000
	0,214
	0,107
	0,000
	0,116
	0,063
	0,009
	0,054
	0,027
	0,000

	4
	TTI for data packet transmission
	0,500
	0,250
	0,125
	0,063

	5
	a) BS processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,143
	0,143
	0,143
	0,179
	0,179
	0,179
	0,018
	0,018
	0,018
	0,054
	0,054
	0,054

	 
	f) TTI for data packet transmission
	0,500
	0,250
	0,125
	0,063

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	1,607
	1,393
	1,179
	0,875
	0,768
	0,661
	0,607
	0,554
	0,500
	0,371
	0,344
	0,317

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	3,607
	3,393
	3,179
	2,125
	2,018
	1,911
	1,482
	1,429
	1,375
	0,996
	0,969
	0,942

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,807
	1,593
	1,379
	1,000
	0,893
	0,786
	0,695
	0,641
	0,588
	0,433
	0,406
	0,379



Table 12: Grant-free uplink UP latency, 2-symbol slot scheduling
	Step
	Description
	Value [ms]

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low
	High
	Avg.
	Low

	1
	Avg. symbol alignment
	0,036
	0,018
	0,009
	0,004

	2
	UE processing delay
	0,357
	0,214
	0,205
	0,161

	3
	Frame alignment
	0,071
	0,036
	0,000
	0,036
	0,018
	0,000
	0,027
	0,018
	0,009
	0,009
	0,004
	0,000

	4
	TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	5
	a) BS processing delay
	0,571
	0,357
	0,304
	0,179

	 
	b) Alignment to control opportunity
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the scheduling request
	0,071
	0,036
	0,018
	0,009

	 
	d) UE processing delay
	0,714
	0,429
	0,411
	0,321

	 
	e) Frame alignment
	0,071
	0,071
	0,071
	0,036
	0,036
	0,036
	0,018
	0,018
	0,018
	0,009
	0,009
	0,009

	 
	f) TTI for data packet transmission
	0,143
	0,071
	0,036
	0,018

	6
	BS processing delay
	0,286
	0,179
	0,152
	0,089

	Total one way user plane latency without retransmission (1+2+3+4+6)
	0,893
	0,857
	0,821
	0,518
	0,500
	0,482
	0,429
	0,420
	0,411
	0,281
	0,277
	0,272

	Total one way user plane latency with 1 retransmission (1+2+3+4+5+6)
	2,464
	2,429
	2,393
	1,446
	1,429
	1,411
	1,214
	1,205
	1,196
	0,817
	0,813
	0,808

	Total one way user plane latency with 10% HARQ retransmission (1+2+3+4+ 0.1x5+6)
	1,050
	1,014
	0,979
	0,611
	0,593
	0,575
	0,507
	0,498
	0,489
	0,335
	0,330
	0,326



4	Conclusions
In this document the non-latency optimized UE category 1 UP latency was analysed in FDD and dynamic TDD allocations:
4 ms eMBB latency target with 10% average retransmission probability:
· [bookmark: _GoBack]For downlink, operating with a full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, all supported subcarrier spacings meet the eMBB latency requirement of 4 ms. 
· For grant-based uplink, operating with full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, SCSs of 30, 60 and 120 kHz subcarrier spacings meet the eMBB latency requirement of 4 ms, while with 15 kHz SCS, either a 7-symbol allocation or grant-free operation is needed to meet the 4 ms requirement.

1 ms URLLC latency target with 1 HARQ retransmission and worst case timing:
· For downlink, operating with 120 kHz subcarrier spacing and 7-symbol (or shorter) scheduling allocation, the worst case latency with 1 HARQ retransmission meets the URLLC latency requirement of 1 ms. 
· For ulink, operating with 120 kHz subcarrier spacing and 7 symbol (or shorter) grant free scheduling allocation, the worst case latency with 1 HARQ retransmission meets the URLLC latency requirement of 1 ms.

Hence the non-latency optimized device category meets both the eMBB and the URLLC latency requirement. Further evaluation for the latency optimized device category can be found in [4],
Appendix A
For the sake of brevity, only 7-symbols and 14-symbols slot scheduling schemes are presented. 
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a) 7-symbol slot scheduling									b) 14-symbol slot scheduling







Figure 1. Downlink UP latency vs 14 possible cases.
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a) 7-symbol slot scheduling									b) 14-symbol slot scheduling

Figure 2. Granted uplink UP latency vs 14 possible cases.
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a) 7-symbol slot scheduling									b) 14-symbol slot scheduling
Figure 3. Grant-free UP latency vs 14 possible cases.
Appendix B
This appendix illustrates the channel timing scenarios for the highest and lowest latency cases. 7-symbols slot scheduling with SCS = 30 kHz is considered for illustration.
Downlink 
[image: ]
Figure 4. Channel timing scenario for DL, 7-symbols slot scheduling, SCS = 30 kHz, BS delay starts at symbol 0.
[image: ]
Figure 5. Channel timing scenario for DL, 7-symbols slot scheduling, SCS = 30 kHz, BS delay starts at symbol 8.

Granted uplink 
[image: ]
Figure 6. Channel timing scenario for granted UL, 7-symbols slot scheduling, SCS = 30 kHz, UE delay starts at symbol 7.
[image: ]
Figure 7. Channel timing scenario for granted UL, 7-symbols slot scheduling, SCS = 30 kHz, UE delay starts at symbol 6.


Grant-free uplink

[image: ]
Figure 8. Channel timing scenario for grant-free UL, 7-symbols slot scheduling, SCS = 30 kHz, UE delay starts at symbol 2.
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Figure 9. Channel timing scenario for grant-free UL, 7-symbols slot scheduling, SCS = 30 kHz, UE delay starts at symbol 1.
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