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1. [bookmark: _GoBack]Introduction
In the RAN1 #95 meeting, following agreements were achieved related to the scheduling/HARQ/CSI processing timeline enhancement for URLLC [1]:
	Agreements:
· In order to evaluate the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC, the following aspects should be considered:
· Perform latency analysis to identify the set of scheduling configuration parameters for which the eURLLC latency requirement(s) can/cannot be satisfied under the NR Rel. 15 timing capabilities.
· To do this, the worst-case achievable latency should be considered.
· Perform system-level and/or link-level evaluations to investigate the gains brought by reducing N1/N2 and allowing for more (re-)transmissions within the eURLLC latency budget.
· For system-level evaluation, the performance metrics agreed for Rel. 16 eURLLC SI are applied.
· For link-level evaluation, at least the resource efficiency, i.e., the average number of REs used for completing the transmission of a TB, should be reported. The number of transmissions for successfully decoding a TB and the target BLER for each transmission should be reported.
· For both system-level and link-level evaluations, the simulation parameters agreed for Rel. 16 eURLLC SI are the baseline.
· For all aspects, the comparison reference point is Rel. 15 NR capability timing 2 for FR1 and Rel. 15 NR capability timing 1 for FR2.
· For all aspects, companies should report the assumed values for the following parameters:
· Alignment latency 
· The considered N1/N2 values
· SR periodicity in case the first PUSCH Tx is based on a dynamic grant
· SR reception to initial PUSCH grant processing time at the gNB
· PDCCH monitoring periodicity 
· The number of BDs/non-overlapping CCEs per monitoring occasion should be reported.
· For the purpose of this study, the possibility of enhancing the number of non-overlapping CCEs/BDs for NR eURLLC can be considered.
· Type-B time-domain allocation length for PDSCH/PUSCH channels 
· Time-domain allocation length for PDCCH, SR and PUCCH
· UE and gNB PDSCH/PUSCH decoding time
· The HARQ-ACK to reTx PDCCH and PUSCH to reTx PDCCH processing time at the gNB 
· The maximum number of possible PUCCH transmissions carrying HARQ-ACK per slot
· Companies can report operation constraints (e.g., compact DCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.


In this contribution, we share our views on scheduling/HARQ/CSI enhancement to support URLLC.
2. Discussion
2.1 Scheduling/HARQ timeline for NR URLLC
Some of URLLC requirements are extremely high and are beyond the concepts of cellular/Wi-Fi types of networks in some sense. It is important for us to know whether the system can rely on HARQ re-transmission to design air-interface. In this section, we analyze the no. of transmissions that can be completed within the latency budget, especially for the tightest 1ms requirement. In our analysis, we consider following scenarios; (1) dynamic scheduling of PDSCH, (2) SR-based scheduling of PUSCH, and (3) configured grant PUSCH, for TDD configurations agreed in RAN4. Both FR1 and FR2 are considered. For FR1, as per RAN4 agreements [2], the TDD configuration of SU (S=10D:2G:2U) with SCS 30kHz is assumed and Rel.15 NR capability#2 is used; for FR2, as per RAN4 agreements [2], the TDD configuration DSUU (S=10D:2G:2U) with SCS 120kHz is assumed and Rel.15 NR capability#1 is used.

2.1.1 Downlink HARQ timeline
We analyze the downlink achievable latency of one transmission with HARQ-ACK feedback for both FR1 and FR2. The analysis is based on the following assumptions. Specifically, we assume that the gNB processing time is twice of the UE processing time, since the gNB is required to handle extra processes such as multi-user scheduling with appropriate packet prioritizations (e.g., prioritize latency bound critical UEs, prioritize SRB, etc), adaptive scheduling taking into account CSI feedback, beam-forming, HARQ operations, etc.

	FR1
	TDD
	SU (10D:2G:2U)

	
	SCS
	30kHz

	
	PDSCH length
	2 symbols

	
	PDCCH overlap with PDSCH
	0

	
	PDCCH length
	1 symbol

	
	PUCCH length
	1 symbol

	
	UE processing time
	4.5

	
	gNB processing time
	2*4.5

	
	PDCCH monitoring periodicity
	2 symbols

	FR2
	TDD
	DSUU (10D:2G:2U)

	
	SCS
	120kHz

	
	PDSCH length
	2 symbols

	
	PDCCH overlap with PDSCH
	0

	
	PDCCH length
	1 symbol

	
	PUCCH length
	1 symbol

	
	UE processing time
	20+3

	
	gNB processing time
	2*(20+3)

	
	PDCCH monitoring periodicity
	2 symbols



For TDD, DL/UL pattern may add extra delay; half-duplex constraint with the specific TDD configuration adds latency. Therefore, the following components are considered in the analysis.

	ID
	Component
	Description

	1
	DL data transfer
	(1.1+1.2+1.3+1.4)

	1.1
	DL frame alignment (control alignment)
	The time interval b/w data arrives and DL assignment is transmitted

	1.2
	PDCCH transmission
	The time duration for PDCCH transmission

	1.3
	DL Frame alignment (transmission alignment)
	The time interval b/w DL assignment is transmitted and PDSCH is transmitted.

	1.4
	PDSCH transmission
	The time duration for PDSCH transmission

	2
	HARQ retransmission
	(2.1+2.2+2.3+2.4)

	2.1
	UE processing time
	The time interval b/w PDSCH transmission and HARQ-ACK preparation

	2.2
	UL frame alignment time
	The time interval b/w HARQ-ACK preparation and A/N transmission

	2.3
	A/N transmission 
	A/N transmission

	2.4
	gNB processing delay
	The time interval b/w A/N transmission and A/N decoding



Fig.1 shows an example on the downline HARQ timeline when packet arrives at the 1st symbol of the special slot. In this case, the latency for one downlink transmission with HARQ-ACK = (2+1+0+2+4.5+2.5+1+9) * 0.5/14=0.79ms. Considering the impact of TDD configuration, the latency may be different when the packet arrives at different time. Therefore, using the same approach, the latency for one downlink transmission with HARQ-ACK when packet arrives at different time for FR1 and FR2 are analyzed and the summary is given in table.1 and table.2. The detailed analysis can be found in the Appendix.
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Fig.1 Downlink transmission latency when packet arrives at 1st symbol.

Table.1 Downlink transmission latency @ FR1
	DL latency [ms]
	UE capability#2 (30kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PDSCH
	0.79
	1.25
	0.71
	0.68
	0.71
	0.68
	1.57
	1.54
	1.50
	1.46
	1.43
	1.39
	1.36
	1.32

	2-OS PDSCH w/o A/N
	0.24
	0.21
	0.24
	0.21
	0.24
	0.21
	0.88
	0.84
	0.84
	0.81
	0.78
	0.74
	0.71
	0.68



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21st OS
	22nd OS
	23rd OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	2-OS PDSCH
	1.29
	1.25
	1.21
	1.18
	1.14
	1.11
	1.07
	1.04
	1.00
	0.96
	0.93
	0.89
	0.86
	0.82

	2-OS PDSCH w/o A/N
	0.64
	0.61
	0.58
	0.54
	0.51
	0.48
	0.44
	0.41
	0.38
	0.34
	0.31
	0.28
	0.24
	0.21



Table.2 Downlink transmission latency @ FR2
	DL latency [ms]
	UE capability#1 (120kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PDSCH
	0.68
	0.67
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66

	2-OS PDSCH w/o A/N
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	2-OS PDSCH
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.97
	0.96
	0.96
	0.95
	0.94
	0.93
	0.92
	0.91

	2-OS PDSCH w/o A/N
	0.15
	0.14
	0.15
	0.14
	0.15
	0.14
	0.44
	0.43
	0.43
	0.42
	0.42
	0.41
	0.40
	0.39



	Packet arrival
	29th OS
	30th OS
	31st OS
	32nd OS
	33rd OS
	34th OS
	35th OS
	36th OS
	37th OS
	38th OS
	39th OS
	40th OS
	41st OS
	42nd OS

	2-OS PDSCH
	0.90
	0.89
	0.88
	0.88
	0.87
	0.86
	0.85
	0.84
	0.83
	0.82
	0.81
	0.80
	0.79
	0.79

	2-OS PDSCH w/o A/N
	0.38
	0.37
	0.36
	0.35
	0.34
	0.33
	0.33
	0.32
	0.31
	0.30
	0.29
	0.28
	0.27
	0.26



	Packet arrival
	43rd OS
	44th OS
	45th OS
	46th OS
	47th OS
	48th OS
	49th OS
	50th OS
	51st OS
	52nd OS
	53rd OS
	54th OS
	55th OS
	56th OS

	2-OS PDSCH
	0.78
	0.77
	0.76
	0.75
	0.74
	0.73
	0.72
	0.71
	0.71
	0.70
	0.69
	0.68
	0.67
	0.66

	2-OS PDSCH w/o A/N
	0.25
	0.25
	0.24
	0.23
	0.22
	0.21
	0.20
	0.19
	0.18
	0.17
	0.17
	0.16
	0.15
	0.14



From table 1, it can be found that for FR1, depending on the packet arrival timing, the latency for one downlink transmission with HARQ-ACK can be more than 1ms, while the latency for one downlink transmission without HARQ-ACK is less than 1ms which is calculated by (1.1+1.2+1.3+1.4+2.1/2). Therefore, for factory automation on FR1, it can be said that it is not feasible to rely on HARQ re-transmission within the latency bound for TDD with the Rel.15 UE capability.
From table 2, it can be found that for FR2, in all cases, the latency for one downlink transmission with HARQ-ACK is less than 1ms, and in some cases, the one-shot PDSCH transmission with HARQ-ACK feedback is almost close to 1ms; when a packet arrives at 21st symbol, it becomes the largest value and is 0.97ms. In this case, the latency of DL transmission including DL re-transmission based on one HARQ-ACK retransmission is larger than 1ms. Therefore, it can be said that for factory automation on FR2, it is not possible to perform HARQ retransmission for TDD with Rel.15 UE capability.
Observation 1:
· For TDD on FR1, with Rel.15 UE capability#2, it is not possible to perform HARQ retransmission within 1ms latency.
· For TDD on FR2, with Rel.15 UE capability#1, it is not possible to perform HARQ retransmission within 1ms latency.

There are two directions. One is to design URLLC for factory automation such that the requirements are met without relying on HARQ re-transmission. Another is to enable further UE processing capability to enable faster HARQ re-transmission. Considering that the URLLC packet for factory automation is basically small enough and periodic/deterministic traffic is controllable by the NW, it would be possible to design the system such that HARQ re-transmission is not taken into account for achieving the factory automation requirements.
Proposal 1:
· Design URLLC for factory automation such that requirements are met without HARQ re-transmission.
· If retransmission is considered, the PDSCH processing time on both FR1 and FR2 should be reduced for NR URLLC. 
2.1.2 SR-based UL transmission timeline 
In this section, we analyze the UL achievable latency of one-shot SR-based UL transmission for both FR1 and FR2. The analysis is based on the following assumptions:

	FR1
	TDD
	SU (10D:2G:2U)

	
	SCS
	30kHz

	
	gNB processing time for SR
	2 symbols

	
	PUSCH length
	2 symbols

	
	PDCCH length
	1 symbol

	
	SR length
	1 symbol

	
	UE processing time
	5.5+1

	
	gNB processing time
	2*(5.5+1)

	
	PDCCH monitoring periodicity
	2 symbols

	FR2
	TDD
	DSUU (10D:2G:2U)

	
	SCS
	120kHz

	
	gNB processing time for SR
	2 symbols

	
	PUSCH length
	2 symbols

	
	PDCCH length
	1 symbol

	
	SR length
	1 symbol

	
	UE processing time
	36+1

	
	gNB processing time
	2*(36+1)

	
	PDCCH monitoring periodicity
	2 symbols



For TDD, considering that DL/UL is not always available due to the TDD configuration, the following components are considered in the analysis.
	ID
	Component
	Description

	1
	SR transmission
	(1.1+1.2+1.3+1.4)

	1.1
	UL Frame alignment
	The time interval b/w data arrives and SR is transmitted

	1.2
	SR transmission
	The time duration for SR transmission

	1.3
	gNB processing time for SR
	The time interval b/w SR is received, SR is decoded and scheduling decision is made

	1.4
	DL Frame alignment
	The time interval b/w the scheduling decision is made and UL grant is transmitted

	2
	UL scheduling
	(2.1+2.2+2.3+2.4)

	2.1
	UL grant
	The time duration for UL grant transmission

	2.2
	UE processing time
	The time interval b/w the UL grant is decoded and UL data is prepared

	2.3
	UL frame alignment
	The time interval b/w the UL data is prepared and UL data is transmitted

	2.4
	PUSCH transmission
	The time duration for PUSCH transmission

	2.5
	gNB processing time
	The time interval b/w PUSCH is received and PUSCH is decoded



Fig.2 shows an example on the SR-based UL scheduling timeline when packet arrives at the 1st symbol of the special slot. In this case, the latency for one-shot SR-based UL transmission = (12+1+2+13+1+6.5+2+13) * 0.5/14=1.96ms. Considering the impact of TDD configuration, the latency may be different when the packet arrives at different time. Therefore, using the same approach as DL latency analysis, the latency for one-shot SR-based UL transmission when packet arrives at different time for FR1 and FR2 are given in table3 and table 4. The detailed analysis can be found in the Appendix.
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Fig.2 SR-based UL transmission latency when packet arrives at 1st symbol.

Table.3 SR-based UL transmission latency @ FR1
	UL latency [ms]
	Capability#2(30kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PUSCH
	1.96
	1.93
	1.89
	1.86
	1.82
	1.79
	1.75
	1.71
	1.68
	1.64
	1.61
	1.57
	1.54
	1.50



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	2-OS PUSCH
	1.46 
	1.43 
	1.39 
	1.36 
	1.32 
	1.29 
	1.25 
	1.21 
	1.18 
	1.14 
	1.11 
	1.07 
	1.04 
	2.00 



Table.4 SR-based UL transmission latency @ FR2
	UL latency [ms]
	Capability#1(120kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PUSCH
	1.52 
	1.51 
	1.50 
	1.49 
	1.48 
	1.47 
	1.46 
	1.46 
	1.45 
	1.44 
	1.43 
	1.42 
	1.41 
	1.40 



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	2-OS PUSCH
	1.39 
	1.38 
	1.38 
	1.37 
	1.36 
	1.35 
	1.34 
	1.33 
	1.32 
	1.31 
	1.30
	1.29
	1.29
	1.28



	Packet arrival
	29th OS 
	30th OS 
	31st OS 
	32nd OS 
	33rd OS 
	34th OS 
	35th OS 
	36th OS 
	37th OS 
	38th OS 
	39th OS 
	40th OS 
	41st OS 
	42nd OS 

	2-OS PUSCH
	1.27
	1.26
	1.25
	1.24
	1.23
	1.22
	1.21
	1.21
	1.20
	1.19
	1.18
	1.17
	1.16
	1.15



	Packet arrival
	43rd OS 
	44th OS 
	45th OS 
	46th OS 
	47th OS 
	48th OS 
	49th OS 
	50th OS 
	51st OS 
	52nd OS 
	53rd OS 
	54th OS 
	55th OS 
	56th OS 

	2-OS PUSCH
	1.14
	1.13
	1.13
	1.12
	1.11
	1.10
	1.09
	1.08
	1.07
	1.06
	1.05
	1.06
	1.05
	1.53



From table 3 and table 4, it can be found that for FR1, in all cases, the latency for one-shot SR-based UL transmission is more than 1ms. Therefore, for factory automation on FR1 and FR2, the one-shot SR-based UL transmission latency cannot be satisfied with Rel.15 UE capability.
Observation 2:
· For TDD on FR1 and FR2, with Rel.15 UE capability, the one-shot SR-based UL transmission latency cannot be satisfied.
Proposal 2: 
· For SR-based UL transmission, if the requirement for factory automation is to be met, the PUSCH preparation time on both FR1 and FR2 should be reduced for NR URLLC.
2.1.3 Configured grant UL transmission timeline 
In this section, we analyze the UL achievable latency of one-shot configured grant UL transmission for both FR1 and FR2. The assumptions used for the analysis are the same as SR-based UL transmission in section 2.1.2.
For TDD, considering that DL/UL is not always available due to the TDD configuration, the following components are considered in the analysis.
	ID
	Component
	Description

	　
	UL scheduling time
	(1.1+1.2+1.3)

	1.1
	Frame alignment
	The time interval b/w UL data arrives and UL data is transmitted

	1.2
	PUSCH transmission
	PUSCH duration

	1.3
	gNB processing time
	The time interval b/w UL data is received and UL data is decoded



Fig.3 shows an example on the configured grant UL transmission timeline when packet arrives at the 1st symbol of the special slot. In this case, the latency for one-shot configured grant UL transmission = (12+2+13) * 0.5/14=0.96 ms. Considering the impact of TDD configuration, the latency may be different when the packet arrives at different time. Therefore, using the same approach, the latency for one-shot configured grant UL transmission when packet arrives at different time for FR1 and FR2 are given in table5 and table 6. The detailed analysis can be found in the Appendix.
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Fig.3 Configured grant UL transmission latency when packet arrives at 1st symbol.

Table.5 Configured grant UL transmission latency analysis @ FR1
	UL latency [ms]
	Capability#2(30kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PUSCH
	0.96
	0.93
	0.89
	0.86
	0.82
	0.79
	0.75
	0.71
	0.68
	0.64
	0.61
	0.57
	0.61
	0.57



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	2-OS PUSCH
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	1.04 
	1.00 



Table.6 Configured grant UL transmission latency analysis @ FR2
	UL latency [ms]
	Capability1(120kHz)

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	2-OS PUSCH
	0.91 
	0.90 
	0.89 
	0.88 
	0.88 
	0.87 
	0.86 
	0.85 
	0.84 
	0.83 
	0.82 
	0.81 
	0.80 
	0.79 



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th
OS
	25th
OS
	26th
 OS
	27th
OS
	28th
OS

	2-OS PUSCH
	0.79 
	0.78 
	0.77 
	0.76 
	0.75 
	0.74 
	0.73 
	0.72 
	0.71 
	0.71 
	0.70
	0.69
	0.70
	0.69



	Packet arrival
	29th OS 
	30th OS 
	31st OS 
	32nd OS 
	33rd OS 
	34th OS 
	35th OS 
	36th OS 
	37th OS 
	38th OS 
	39th OS 
	40th OS 
	41st OS 
	42nd OS 

	2-OS PUSCH
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69



	Packet arrival
	43rd OS 
	44th OS 
	45th OS 
	46th OS 
	47th OS 
	48th OS 
	49th OS 
	50th OS 
	51st OS 
	52nd OS 
	53rd OS 
	54th OS 
	55th OS 
	56th OS 

	2-OS PUSCH
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.93
	0.92



From table 5, it can be found that for FR1, the worst-case latency for one-shot configured grant UL transmission is more than 1ms. Therefore, for factory automation on FR1, the one-shot configured grant UL transmission latency cannot be satisfied with Rel.15 UE capability.
From table 6, it can be found that for FR2, in all cases, the latency for one-shot configured grant UL transmission is less than 1ms. On the other hand, latency for HARQ re-transmission would exceed 1ms at least for some cases, e.g., packet arrival at 55th OS. Therefore, for factory automation on FR2, it can be said that it is not possible to do retransmission for configured grant UL transmission based on dynamic scheduling with Rel.15 UE capability.
Observation 3:
· For TDD on FR1, with Rel.15 UE capability, the one-shot configured grant UL transmission latency can be satisfied within 1ms latency for most cases.
· For TDD on FR2, with Rel.15 UE capability, the one-shot configured grant UL transmission latency can be satisfied within 1ms latency for all cases.
· For TDD on both FR1 and FR2, it is not possible to perform retransmission scheduled by DCI for configured grant UL within 1ms latency.

Proposal 3:
· For configured grant UL transmission, if HARQ re-transmission is used within the latency bound of factory automation, PUSCH preparation time on FR1 should be reduced for NR URLLC.
· Otherwise, configured grant UL transmission for URLLC factory automation shall consider that it cannot rely on HARQ re-transmission.

2.2 CSI computation timing for NR URLLC
For CSI computation timing enhancement, shorter computation time is always beneficial. However, how much critical or the usefulness of CSI computation timeline improvements compared to other essential enhancements need to be carefully investigated, taking into account the amount of available TUs and Rel.16 timeline. Open loop link adaptation, periodic CSI and/or SP-CSI can still be used. In addition, A-CSI report can be used also, although the report may not be up-to-date if CSI computation timing is not enhanced. Our expectation is that, the current CSI computation timing can be acceptable for UE with limited/moderate mobility. For UEs with high mobility, it is up to gNB implementation whether to believe CSI feedback from the UE or to determine conservative MCS value. If the UE’s reported CQI index corresponds to MCS index which cannot achieve the target BLER e.g., 10-6, and if gNB relies on the report, the initial transmission will fail. For high mobility UE, if gNB considers CSI feedback is unreliable, then the gNB can choose a conservative specific CQI index, e.g., 0, always. Then the CSI report is not useful. Therefore, it is more important to consider how much CSI feedback is reliable.

Proposal 4:
· It is more important to study the CSI feedback reliability before study solutions to enhance the CSI computation timeline.

2.3 Out-of-order scheduling and HARQ-ACK feedback
For UEs with the baseline processing capability, for any two HARQ process IDs A and B for a given cell, if the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission B, the UE is not expected to be scheduled such that PUSCH/PDSCH for B is before the PUSCH/PDSCH for A as illustrated in Fig.4. Similarly, for any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B as illustrated in Fig.5. 

[image: ]
Fig. 4	Out-of-order scheduling.
[image: ]
Fig.5	Out-of-order HARQ feedback
These restrictions are reasonable only for the case where a single service type is operated. However, if a UE supports mixed service types, such as eMBB and URLLC services, the restriction is quite non-sense. For a UE supporting eMBB and URLLC services, different traffics with totally different timelines occur. If these restrictions are kept in Rel.16 NR URLLC, when a UE is operated with eMBB and URLLC, the URLLC traffic is restricted by eMBB traffic. 
Proposal 5:
· Out-of-order scheduling and HARQ-ACK feedback should be enabled for Rel.16 URLLC. 

3. Conclusion
In this contribution, we discuss the scheduling/HARQ/CSI processing timeline enhancement for URLLC and following is the proposal summary:
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Table.1 Downlink transmission latency analysis @ FR1

	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	DL assign.
	3th 
	3th
	5th
	5th
	7th
	7th
	9th
	9th
	1st
	1st
	1st
	1st
	1st
	1st

	1
	DL data transfer

	1.1
	2
	1
	2
	1
	2
	1
	2
	1
	20
	19
	18
	17
	16
	15

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	19
	19
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	2.2
	2.5
	16.5
	0.5
	0.5
	0.5
	0.5
	5.5
	5.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	Total (no. of symbol)
	22
	35
	20
	19
	20
	19
	44
	43
	42
	41
	40
	39
	38
	37

	Total [ms]
	0.79
	1.25
	0.71
	0.68
	0.71
	0.68
	1.57
	1.54
	1.50
	1.46
	1.43
	1.39
	1.36
	1.32



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21st OS
	22nd OS
	23rd OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	DL assign.
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	2nd
	3rd
	4th
	5th

	1
	DL data transfer

	1.1
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	2.2
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	Total (no. of symbol)
	36
	35
	34
	33
	32
	31
	30
	29
	28
	27
	26
	25
	24
	23

	Total [ms]
	1.29
	1.25
	1.21
	1.18
	1.14
	1.11
	1.07
	1.04
	1.00
	0.96
	0.93
	0.89
	0.86
	0.82



Table.2 Downlink transmission latency analysis @ FR2
	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	
	3th
	3th
	5th
	5th
	7th
	7th
	9th
	9th
	11th
	11th
	13th
	13th
	15th
	15th

	1
	DL data transfer

	1.1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1
	2
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	2.2
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	Total (no. of symbol)
	76
	75
	75
	74
	75
	74
	75
	74
	75
	74
	75
	74
	75
	74

	Total [ms]
	0.68
	0.67
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	DL assign.
	17th
	17th
	19th
	19th
	21th
	21th
	23th
	23th
	1st
	1st
	1st
	1st
	1st
	1st

	1
	DL data transfer

	1.1
	2
	1
	2
	1
	2
	1
	2
	1
	34
	33
	32
	31
	30
	29

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	33
	33
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	2.2
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	Total (no. of symbol)
	75
	74
	75
	74
	75
	74
	109
	108
	107
	106
	105
	104
	103
	102

	Total [ms]
	0.67
	0.66
	0.67
	0.66
	0.67
	0.66
	0.97
	0.96
	0.96
	0.95
	0.94
	0.93
	0.92
	0.91



	Packet arrival
	29th OS
	30th OS
	31st OS
	32nd OS
	33rd OS
	34th OS
	35th OS
	36th OS
	37th OS
	38th OS
	39th OS
	40th OS
	41st OS
	42nd OS

	DL assign.
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st

	1
	DL data transfer

	1.1
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	2.2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	Total (no. of symbol)
	101
	100
	99
	98
	97
	96
	95
	94
	93
	92
	91
	90
	89
	88

	Total [ms]
	0.90
	0.89
	0.88
	0.88
	0.87
	0.86
	0.85
	0.84
	0.83
	0.82
	0.81
	0.80
	0.79
	0.79



	Packet arrival
	43rd OS
	44th OS
	45th OS
	46th OS
	47th OS
	48th OS
	49th OS
	50th OS
	51st OS
	52nd OS
	53rd OS
	54th OS
	55th OS
	56th OS

	DL assign.
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st
	1st

	1
	DL data transfer

	1.1
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	HARQ-ACK retransmission

	2.1
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	2.2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.4
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	Total (no. of symbol)
	87
	86
	85
	84
	83
	82
	81
	80
	79
	78
	77
	76
	75
	74

	Total [ms]
	0.78
	0.77
	0.76
	0.75
	0.74
	0.73
	0.72
	0.71
	0.71
	0.70
	0.69
	0.68
	0.67
	0.66



Table.3 SR-based UL transmission latency analysis @ FR1
	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	1
	SR transmission

	1.1
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	1
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	12
	11

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5

	2.3
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Total (no. of symbols)
	55
	54
	53
	52
	51
	50
	49
	48
	47
	46
	45
	44
	43
	42

	Total [ms]
	1.96
	1.93
	1.89
	1.86
	1.82
	1.79
	1.75
	1.71
	1.68
	1.64
	1.61
	1.57
	1.54
	1.50



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	1
	SR transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	13

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	1
	0
	13

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5
	6.5

	2.3
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	2.5
	2.5
	4.5

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Total (no. of symbols)
	41
	40
	39
	38
	37
	36
	35
	34
	33
	32
	31
	30
	29
	56

	Total [ms]
	1.46 
	1.43 
	1.39 
	1.36 
	1.32 
	1.29 
	1.25 
	1.21 
	1.18 
	1.14 
	1.11 
	1.07 
	1.04 
	2.00 



Table.4 SR-based UL transmission latency analysis @ FR2
	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	1
	SR transmission

	1.1
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37

	2.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	170
	169
	168
	167
	166
	165
	164
	163
	162
	161
	160
	159
	158
	157

	Total [ms]
	1.52 
	1.51 
	1.50 
	1.49 
	1.48 
	1.47 
	1.46 
	1.46 
	1.45 
	1.44 
	1.43 
	1.42 
	1.41 
	1.40 



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS 
	27th OS 
	28th OS 

	1
	SR transmission

	1.1
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	1
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	27
	26
	25

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37

	2.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	156
	155
	154
	153
	152
	151
	150
	149
	148
	147
	146
	145
	144
	143

	Total [ms]
	1.39 
	1.38 
	1.38 
	1.37 
	1.36 
	1.35 
	1.34 
	1.33 
	1.32 
	1.31 
	1.30
	1.29
	1.29
	1.28



	Packet arrival
	29th OS 
	30th OS 
	31st OS 
	32nd OS 
	33rd OS 
	34th OS 
	35th OS 
	36th OS 
	37th OS 
	38th OS 
	39th OS 
	40th OS 
	41st OS 
	42nd OS 

	1
	SR transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37

	2.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	142
	141
	140
	139
	138
	137
	136
	135
	134
	133
	132
	131
	130
	129

	Total [ms]
	1.27
	1.26
	1.25
	1.24
	1.23
	1.22
	1.21
	1.21
	1.20
	1.19
	1.18
	1.17
	1.16
	1.15



	Packet arrival
	43rd OS 
	44th OS 
	45th OS 
	46th OS 
	47th OS 
	48th OS 
	49th OS 
	50th OS 
	51st OS 
	52nd OS 
	53rd OS 
	54th OS 
	55th OS 
	56th OS 

	1
	SR transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	27

	1.2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.4
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	1
	0
	27

	2
	UL scheduling

	2.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2.2
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37
	37

	2.3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2.4
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2.5
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	128
	127
	126
	125
	124
	123
	122
	121
	120
	119
	118
	119
	118
	171

	Total [ms]
	1.14
	1.13
	1.13
	1.12
	1.11
	1.10
	1.09
	1.08
	1.07
	1.06
	1.05
	1.06
	1.05
	1.53



Table.5 Configured grant UL transmission latency analysis @ FR1
	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	1
	UL transmission

	1.1
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	2
	1

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Total (no. of symbols)
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	17
	16

	Total [ms]
	0.96
	0.93
	0.89
	0.86
	0.82
	0.79
	0.75
	0.71
	0.68
	0.64
	0.61
	0.57
	0.61
	0.57



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th OS
	25th OS
	26th OS
	27th OS
	28th OS

	1
	UL transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	14
	13

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Total (no. of symbols)
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	29
	28

	Total [ms]
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	0.57 
	1.04 
	1.00 



Table.6 Configured grant UL transmission latency analysis @ FR2
	Packet arrival
	1st OS
	2nd OS
	3rd OS
	4th OS
	5th OS
	6th OS
	7th OS
	8th OS
	9th OS
	10th OS
	11th OS
	12th OS
	13th OS
	14th OS

	1
	UL transmission

	1.1
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	102
	101
	100
	99
	98
	97
	96
	95
	94
	93
	92
	91
	90
	89

	Total [ms]
	0.91 
	0.90 
	0.89 
	0.88 
	0.88 
	0.87 
	0.86 
	0.85 
	0.84 
	0.83 
	0.82 
	0.81 
	0.80 
	0.79 



	Packet arrival
	15th OS
	16th OS
	17th OS
	18th OS
	19th OS
	20th OS
	21th OS
	22th OS
	23th OS
	24th
OS
	25th
OS
	26th
 OS
	27th
OS
	28th
OS

	1
	UL transmission

	1.1
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	2
	1

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	88
	87
	86
	85
	84
	83
	82
	81
	80
	79
	78
	77
	78
	77

	Total [ms]
	0.79 
	0.78 
	0.77 
	0.76 
	0.75 
	0.74 
	0.73 
	0.72 
	0.71 
	0.71 
	0.70
	0.69
	0.70
	0.69



	Packet arrival
	29th OS 
	30th OS 
	31st OS 
	32nd OS 
	33rd OS 
	34th OS 
	35th OS 
	36th OS 
	37th OS 
	38th OS 
	39th OS 
	40th OS 
	41st OS 
	42nd OS 

	1
	UL transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77

	Total [ms]
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69



	Packet arrival
	43rd OS 
	44th OS 
	45th OS 
	46th OS 
	47th OS 
	48th OS 
	49th OS 
	50th OS 
	51st OS 
	52nd OS 
	53rd OS 
	54th OS 
	55th OS 
	56th OS 

	1
	UL transmission

	1.1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	28
	27

	1.2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1.3
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74
	74

	Total (no. of symbols)
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	77
	104
	103

	Total [ms]
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.69
	0.93
	0.92
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