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Introduction
The ITU target for user plane (UP) latency in IMT 2020 has been set to 1ms [1] for URLLC, and 4ms for eMBB. In this paper, we make an evaluation of the UP latency in NR with different configurations, and show that the targets can be reached in both FDD and TDD. In the ITU target for reliability there is also a requirement on latency (1ms) during which the packet should be delivered with a certain probability. For this case, it is useful to evaluate how many retransmissions can be done within the latency limit.
We consider this as useful exercise already before NR WI is completed to check if latency is according to the requirements or if some changes are needed.
[bookmark: _Ref178064866]Discussion
In the following we will analyze the worst-case UP latency after a first transmission and up to 3 retransmissions. We will follow the ITU definition [1] of UP latency as being defined from L2/L3 ingress to L2/L3 egress.
Assumptions
Processing delay
For the UE, the processing delay is assumed to be according to processing delay capability 2, that is 3 symbols for 15 and 30kHz SCS. For 120kHz the capability has been assumed to be 9 symbols. In the gNB we have here assumed the same processing delay as in the UE, for simplicity. It is assumed that data can be delivered to higher layers after processing but before ACK feedback is transmitted.

Alignment delay
The alignment delay is the time required after being ready to transmit until transmission can start. We assume the worst-case latency meaning the alignment delay is assumed to the longest possible.

gNB timing
The minimum response timing in the gNB between SR and UL grant, and between DL HARQ and retransmission, is assumed to be n+1 TTI. For higher SCS and fewer symbols in the mini-slot, the TTI is shorter, and more TTIs should be used for processing. The used timing assumptions for gNB are given in Table 1.

UE timing
The minimum response timing in the UE between DL data and DL HARQ, and between UL grant and UL data, is assumed to be n+1 TTI. As for the gNB timing this value is higher for higher SCS and shorter mini-slot, see Table 1.

UL scheduling
For UL data, the scheduling can either be based on SR or SPS UL. In both cases it is assumed that the period is set to 1TTI.
[bookmark: _Ref498095110]Table 1. Timing assumptions.
	Timing
	15/30kHz SCS
	120kHz SCS

	#TTI
	7os TTI
	4os TTI
	2os TTI
	7os TTI
	4os TTI
	2os TTI

	gNB processing
	1
	1
	2
	2
	3
	5

	UL timing
	1
	1
	2
	2
	3
	5




TTI length and pattern
In this evaluation, we study slot lengths of 14 symbols as well as mini-slots of 7, 4, and 2 symbols. For TDD an alternating DL-UL pattern has been assumed, to represent the most latency-optimized setup in a carrier. With TDD slot/mini-slots of 14, 7, and 4 symbols are studied.

[image: ]
Figure 1: illustration of latency components for DL and UL data.

FDD
For the case of FDD the HARQ RTT is n+k TTI according to Table 1. The resulting UP latency for SCS of 15, 30 and 120 kHz is shown in Table 1. As can be seen, the 1ms requirement can be reached for SCS 15kHz and up depending on mini-slot configuration. In UL configured grants reduces the latency considerably compared to SR-based scheduling.

[bookmark: _Ref494377927][bookmark: _Hlk492644637]Table 2: FDD UP one-way latency for data transmission with HARQ-based retransmission, compared to the 1ms (green) and 4ms (pink) requirements.
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	UL data (SR)



	1st transmission
	4.5
	2.5
	1.6
	1.4
	2.3
	1.3
	0.82
	0.68
	0.67
	0.54
	0.46
	0.38

	
	1 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	2 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	
	3 retx
	14
	7.4
	4.4
	3.6
	7.2
	3.7
	2.2
	1.8
	1.9
	1.5
	1.2
	0.98

	UL data (SPS)



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79



[bookmark: _Toc494735208][bookmark: _Toc494749949]NR FDD can fulfill the 4ms UP latency target with 15kHz SCS.
NR FDD can fulfill the 1ms UP latency target with 15kHz SCS and mini-slot, and UL configured grants.
TDD
With TDD there are additional alignment delays caused by the sequence of subframes. Depending on when the data arrives in the transmit buffer the latency may be same or longer than the FDD latency. For a DL-UL pattern with HARQ RTT of n+4 TTI and higher (again following Table 1), the resulting latency is as indicated in Table 3. As can be seen in the table, the 4ms target can be reached with a SCS of 15kHz or higher for a 14-symbol slot, and the 1ms target can be reached with 30kHz SCS or higher with a 7-symbol mini-slot. Also worth noting is that configured UL (SPS) gives significantly lower latency as compared to SR-based UL scheduling, and enables the use of 30kHz SCS.

[bookmark: _Ref493693010]Table 3. TDD UP one-way latency for data transmission with alternating DL-UL pattern, compared to the 1ms (green) and 4ms (pink) requirements.
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	14-os TTI
	7-os TTI
	4-os TTI

	DL data



	1st transmission
	3.4
	1.9
	1.3
	1.7
	0.96
	0.64
	0.54
	0.35
	0.27

	
	1 retx
	7.4
	3.9
	2.4
	3.7
	2.0
	1.2
	1.0
	0.72
	0.55

	
	2 retx
	11
	5.9
	3.6
	5.7
	3.0
	1.8
	1.5
	1.1
	0.84

	
	3 retx
	15
	7.9
	4.7
	7.7
	4.0
	2.4
	2.0
	1.5
	1.1

	UL data (SR)



	1st transmission
	6.5
	3.5
	2.2
	3.3
	1.8
	1.1
	0.92
	0.67
	0.53

	
	1 retx
	11
	5.9
	3.6
	5.7
	3.0
	1.8
	1.5
	1.1
	0.84

	
	2 retx
	15
	7.9
	4.7
	7.7
	4.0
	2.4
	2.0
	1.5
	1.1

	
	3 retx
	19
	9.9
	5.9
	9.7
	5.0
	2.9
	2.5
	1.8
	1.4

	UL data (SPS)



	1st transmission
	3.4
	1.9
	1.3
	1.7
	0.96
	0.64
	0.54
	0.35
	0.27

	
	1 retx
	7.4
	3.9
	2.4
	3.7
	2.0
	1.2
	1.0
	0.72
	0.55

	
	2 retx
	11
	5.9
	3.6
	5.7
	3.0
	1.8
	1.5
	1.1
	0.84

	
	3 retx
	15
	7.9
	4.7
	7.7
	4.0
	2.4
	2.0
	1.5
	1.1


[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246] 
[bookmark: _Toc494735210][bookmark: _Toc494749951]NR TDD can fulfil the 4ms UP latency target with 15 kHz SCS and configured UL grants.
NR TDD can fulfil the 1ms UP latency target with 30 kHz SCS, mini-slots and configured UL grants.
Conclusion
In section 2 we made the following observations:
1.  NR FDD can fulfill the 4ms UP latency target with 15kHz SCS.
NR FDD can fulfill the 1ms UP latency target with 15kHz SCS and mini-slot, and UL configured grants.
NR TDD can fulfil the 4ms UP latency target with 15 kHz SCS and configured UL grants.
NR TDD can fulfil the 1ms UP latency target with 30 kHz SCS, mini-slots and configured UL grants.
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