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Introduction
In last meeting UE processing capability#2 was discussed and following conclusion was reached. 

In this contribution, we discuss the URLLC aspects of
· PDCCH periodicity
· UE processing capability #1 and #2.

We will perform a latency analysis of the different options for 15 and 30 kHZ SCS, with the goal of meeting the ITU requirement of 1 ms latency.
Conclusion:
At least for the following conditions below, the processing times listed in Table 2 have been considered as potential candidates for specification of Capability #2, although there has been no conclusion on the final value.
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH allocation with at least 7 symbols is supported
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Single CC
· FFS: CA case with and without cross-carrier scheduling
· For C-RNTI only
· FFS: also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS: whether Capability #2 relaxation is applied dynamically depending on conditions
· Note: Companies are also encouraged to provide processing times for 60kHz (FR1)
· Note: Companies are also encouraged to provide conditions under which more aggressive processing times (within the range) could be enabled

Table 2. UE Processing Times for Capability #2
Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
Front-loaded DMRS only
N1
Symbols
[2.5-4]
[2.5-6]
Frequency-first RE-mapping
N21
Symbols
[2.5-6]
[2.5-6]
· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
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In the following we will analyze the worst-case UP latency in FDD after a first transmission and up to 3 HARQ retransmissions. We will follow the ITU definition [1] of UP latency as being defined from L2/L3 ingress to L2/L3 egress.
Assumptions
Processing time
The UE processing times between receiving PDSCH and providing HARQ feedback, and between receiving a dynamic grant and transmitting PUSCH are according to capability #2. Different values of N1 and N2 are evaluated. The gNB processing times are according to Table 1. We assume that the processing time is dominated by demodulation and decoding of the physical channel, and assume that the earliest time that data can be delivered to L2/L3 egress is the same time as the earliest time that HARQ feedback could be transmitted. 
Table 1. Timing assumptions.
	#TTI
	14os TTI
	7os TTI
	4os TTI
	2os TTI

	gNB processing time (symbols)
	14
	7
	4
	4



For the initial transmission after receiving data from L3/L2 ingress there is no decoding necessary and half the processing time is assumed.

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.

PDCCH periodicity
Different values of PDCCH periodicity are evaluated. With a PDCCH periodicity of 5 symbols we mean that PDCCH can be transmitted starting at symbols 0, 5, and 10 within a slot.
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Figure 1: Illustration of latency components for DL and UL data.
Latency analysis
Capability 1
We first study capability 1 with a PDCCH periodicity of 2 OFDM symbols (i.e., os), i.e. PDCCH can start in symbol 0, 2, 4, 6, 8, or 10. We note that with capability 1 it is not possible to achieve 1 ms latency with 15 kHz SCS.

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.93
	1.79
	1.36
	1.14
	1.54
	0.96
	0.75
	0.64

	
	1 retx
	7.93
	4.21
	3.21
	2.71
	4.04
	2.46
	1.75
	1.50

	
	2 retx
	12.93
	6.79
	5.21
	4.28
	6.54
	3.96
	2.75
	2.36

	
	3 retx
	17.93
	9.21
	7.21
	5.86
	9.04
	5.46
	3.75
	3.21

	UL data (SPS)



	1st transmission
	3.29
	1.79
	1.29
	0.86
	1.68
	0.93
	0.68
	0.46

	
	1 retx
	6.29
	3.79
	2.86
	2.29
	3.68
	2.18
	1.68
	1.25

	
	2 retx
	9.29
	5.79
	4.57
	3.71
	5.68
	3.18
	2.68
	2.04

	
	3 retx
	12.29
	7.79
	6.29
	5.14
	7.68
	4.18
	3.68
	2.82



[bookmark: _Toc513855049][bookmark: _Toc513855095]With capability 1 NR Rel-15 is not possible to fulfill the 1ms target for 15 kHZ SCS.

Capability 2
We now study capability 2 with different values of N1 and N2 and different PDCCH periodicity either 2 or 5 OFDM symbols (i.e., os). The largest PDCCH periodicity that allows the 1 ms target to be met for 15 kHZ SCS is 5 symbols. 2 ms PDCCH periodicity corresponds to the smallest periodicity that LTE is capable of with sTTI.

N1 = N2 = 6, PDCCH periodicity = 5 

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.79
	1.71
	1.29
	1.21
	1.39
	0.86
	0.64
	0.61

	
	1 retx
	7.79
	4.07
	2.93
	2.86
	3.89
	2.04
	1.46
	1.43

	
	2 retx
	12.79
	6.71
	4.64
	4.21
	6.39
	3.36
	2.32
	2.11

	
	3 retx
	17.79
	9.07
	6.29
	5.86
	8.89
	4.54
	3.14
	2.93

	UL data (SPS)



	1st transmission
	3.14
	1.64
	1.14
	0.71
	1.57
	0.82
	0.57
	0.36

	
	1 retx
	6.14
	3.64
	2.43
	2.00
	3.07
	1.82
	1.21
	1.00

	
	2 retx
	9.14
	5.64
	3.71
	3.29
	4.57
	2.82
	1.86
	1.64

	
	3 retx
	12.14
	7.64
	5.14
	4.57
	6.07
	3.82
	2.57
	2.29




N1 = N2 = 6, PDCCH periodicity = 2

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.79
	1.64
	1.21
	1.00
	1.39
	0.82
	0.61
	0.50

	
	1 retx
	7.79
	3.93
	2.93
	2.43
	3.89
	1.96
	1.46
	1.21

	
	2 retx
	12.79
	6.07
	4.50
	3.86
	6.39
	3.04
	2.25
	1.93

	
	3 retx
	17.79
	8.07
	6.21
	5.28
	8.89
	4.04
	3.11
	2.64

	UL data (SPS)



	1st transmission
	3.14
	1.64
	1.14
	0.71
	1.57
	0.82
	0.57
	0.36

	
	1 retx
	6.14
	3.64
	2.43
	1.86
	3.07
	1.82
	1.21
	0.93

	
	2 retx
	9.14
	5.64
	3.71
	3.00
	4.57
	2.82
	1.86
	1.50

	
	3 retx
	12.14
	7.64
	5.14
	4.14
	6.07
	3.82
	2.57
	2.07




N1 = N2 = 4, PDCCH periodicity = 5

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.64
	1.57
	1.14
	1.07
	1.32
	0.79
	0.57
	0.54

	
	1 retx
	7.64
	3.93
	2.79
	2.43
	3.82
	1.96
	1.39
	1.21

	
	2 retx
	12.64
	6.57
	4.50
	3.71
	6.32
	3.29
	2.25
	1.86

	
	3 retx
	17.64
	8.93
	6.14
	5.07
	8.82
	4.46
	3.07
	2.54

	UL data (SPS)



	1st transmission
	3.07
	1.57
	1.07
	0.64
	1.54
	0.79
	0.54
	0.32

	
	1 retx
	6.07
	3.57
	2.36
	1.79
	3.04
	1.79
	1.18
	0.89

	
	2 retx
	9.07
	5.57
	3.64
	2.79
	4.54
	2.79
	1.82
	1.39

	
	3 retx
	12.07
	7.57
	5.07
	3.79
	6.04
	3.79
	2.54
	1.89



N1 = N2 = 4, PDCCH periodicity = 2

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.64
	1.50
	1.07
	0.86
	1.32
	0.75
	0.54
	0.43

	
	1 retx
	7.64
	3.64
	2.79
	2.14
	3.82
	1.82
	1.39
	1.07

	
	2 retx
	12.64
	5.79
	4.36
	3.43
	6.32
	2.89
	2.18
	1.71

	
	3 retx
	17.64
	7.79
	5.79
	4.71
	8.82
	3.89
	2.89
	2.36

	UL data (SPS)



	1st transmission
	3.07
	1.57
	1.07
	0.64
	1.54
	0.79
	0.54
	0.32

	
	1 retx
	6.07
	3.07
	2.36
	1.64
	3.04
	1.54
	1.18
	0.82

	
	2 retx
	9.07
	4.57
	3.64
	2.64
	4.54
	2.29
	1.82
	1.32

	
	3 retx
	12.07
	6.07
	5.07
	3.64
	6.04
	3.04
	2.54
	1.82



N1 = N2 = 2.5, PDCCH periodicity = 5

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.54
	1.46
	1.04
	0.96
	1.27
	0.73
	0.52
	0.48

	
	1 retx
	7.54
	3.82
	2.68
	2.32
	3.77
	1.91
	1.34
	1.16

	
	2 retx
	12.54
	5.82
	4.32
	3.61
	6.27
	2.91
	2.16
	1.80

	
	3 retx
	17.54
	7.82
	5.68
	4.96
	8.77
	3.91
	2.84
	2.48

	UL data (SPS)



	1st transmission
	3.07
	1.57
	1.07
	0.64
	1.54
	0.79
	0.54
	0.32

	
	1 retx
	6.07
	3.57
	2.36
	1.79
	3.04
	1.79
	1.18
	0.89

	
	2 retx
	9.07
	5.57
	3.36
	2.79
	4.54
	2.79
	1.68
	1.39

	
	3 retx
	12.07
	7.57
	4.36
	3.79
	6.04
	3.79
	2.18
	1.89



N1 = N2 = 2.5, PDCCH periodicity = 2

	Latency (ms)
	HARQ
	15kHz SCS
	30kHz 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

	DL data



	1st transmission
	2.54
	1.39
	0.96
	0.75
	1.27
	0.70
	0.48
	0.37

	
	1 retx
	7.54
	3.54
	2.68
	1.89
	3.77
	1.77
	1.34
	0.95

	
	2 retx
	12.54
	5.68
	4.25
	3.04
	6.27
	2.84
	2.12
	1.52

	
	3 retx
	17.54
	7.68
	5.68
	4.18
	8.77
	3.84
	2.84
	2.09

	UL data (SPS)



	1st transmission
	3.07
	1.57
	1.07
	0.64
	1.54
	0.79
	0.54
	0.32

	
	1 retx
	6.07
	3.07
	2.07
	1.50
	3.04
	1.54
	1.04
	0.75

	
	2 retx
	9.07
	4.57
	3.07
	2.36
	4.54
	2.29
	1.54
	1.18

	
	3 retx
	12.07
	6.07
	4.07
	3.21
	6.04
	3.04
	2.04
	1.61



[bookmark: _Toc513855050][bookmark: _Toc513855096]PDCCH periodicity smaller than 14 is needed for URLLC.
[bookmark: _Toc513855051][bookmark: _Toc513855097]With PDCCH periodicity 5, N1=2.5, is necessary to achieve the 1 ms target for 15 kHz SCS.
[bookmark: _Toc513855052][bookmark: _Toc513855098]With PDCCH periodicity 2, N1 = 4 is necessary to achieve the 1 ms target for 15 kHz SCS.
Considering the blind decoding and #CCE limit, it is easier to use a PDCCH periodicity of 5 than a PDCCH periodicity of 2. We therefore propose the following: 
The following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis.

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5
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In [2] other issues are highlighted that motivate the same values for N1 and N2.
Conclusion
Based on the discussion and analysis in Section 2, we made the following observations:
Observation 1	With capability 1 NR Rel-15 is not possible to fulfill the 1ms target for 15 kHZ SCS.
Observation 2	PDCCH periodicity smaller than 14 is needed for URLLC.
Observation 3	With PDCCH periodicity 5, N1=2.5, is necessary to achieve the 1 ms target for 15 kHz SCS.
Observation 4	With PDCCH periodicity 2, N1 = 4 is necessary to achieve the 1 ms target for 15 kHz SCS.

The following proposal is made:
1. The following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5
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