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Introduction
On the enhancement of HARQ and CSI processing timeline for Rel-16 URLLC, the following agreements have been made during RAN1#AH1901 [1]:
Agreements:
· In Rel. 16 of NR, no PDSCH and PUSCH processing timing enhancement as compared to NR Rel. 15 is supported for at least SCS = 15KHz.
Agreements:
For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:
· The details of the dropping rules if allowed
· The conditions (if any) under which the UE is expected to process the out-of-order channels
In this contribution, we share our initial evaluation of the Rel-15 UE processing time and the required UE processing latency (N1/N2) to meet the Rel-16 requirements. We also discuss the traffic characteristics and we show how important to take that into consideration for the latency enhancement. We also make some proposals for scheduling restrictions that could enable low latency UE processing. In the last section, we share our views on how to support out-of-order HARQ feedback in Rel-16.
Evaluating the impact of N1/N2 and the need for introducing new processing timelines
Based on the evaluation assumptions agreed in the email discussion [2] , evaluation of the UE processing time for different scenarios and for different numerologies and the latency results are given in Table 4, Table 5 and Table 6 for SCS = 30kHz, 60kHz and 120kHz. 
Also, the maximum required N1 to complete a single-shot transmission and two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) within 1ms are given in Table 4, Table 5 and Table 6 for SCS = 30kHz, 60kHz and 120 kHz respectively. 
However, it is important to highlight that the obtained latency results are very sensitive to the evaluation assumptions agreed in [2]. Modifying the assumptions has great impact on the calculated latency as detailed below.
For DL scenarios, adopting the following two assumptions instead of the original assumptions leads to reduced latency for all the scenarios and the 1ms latency requirement to be met for some DL scenarios. 
New assumptions: 
· UE decoding time for the last PDSCH: is N1/2 + d_1,1
· PDSCH crossing of slot boundaries allowed




 
[bookmark: _Ref2160091]Table 1 : Comparison of the DL 2Tx Rel-15 latency with the original assumptions vs. the new assumptions
	
Scenarios
	
SCS
	
# PDCCH MOs
	
PDSCH Duration
	Original assumptions
	New assumptions

	
	
	
	
	Rel-15 Latency (2Tx)
	Required N1 (2Tx)
	Rel-15 Latency (2Tx)
	Required N1 (2Tx)

	Scenario 1
	30
	4
	2
	1.29
	3
	1.21
	3

	Scenario 2
	30
	7
	2
	1.16
	3.25
	1.08
	4.25

	Scenario 3
	30
	4
	4
	1.51
	0.75
	1.39
	3

	Scenario 4
	30
	7
	4
	1.37
	2
	1.25
	3

	Scenario 5
	30
	4
	7
	1.94
	NA
	1.50
	1

	Scenario 6
	30
	7
	7
	1.87
	NA
	1.39
	1

	Scenario 7
	60
	4
	2
	0.97
	9
	0.89
	9

	Scenario 8
	60
	7
	2
	0.94
	9
	0.86
	9

	Scenario 9
	60
	4
	4
	1.1
	8
	0.98
	9

	Scenario 10
	60
	7
	4
	1.04
	9
	0.93
	9

	Scenario 11
	60
	4
	7
	1.27
	4.75
	1.05
	8.5

	Scenario 12
	60
	7
	7
	1.17
	6
	1.00
	9



For UL SR-based scenarios, adopting the following two assumptions instead of the original assumptions leads to the calculated latency to be largely reduced for all the scenarios. As a result, the required N2 is larger.  
New assumptions: 
· gNB’s processing time for SR =  N1/2
· PUSCH crossing of slot boundaries allowed
Table 2 : Comparison of the UL SR-Based 2Tx Rel-15 latency with the original assumptions vs. the new assumptions
	
Scenarios
	
SCS
	
# PDCCH MOs
	
PUSCH Duration 
	Original assumptions
	New assumptions

	
	
	
	
	Rel-15 Latency (2Tx)
	Required N2 (2Tx)
	Rel-15 Latency (2Tx)
	Required N2 (2Tx)

	Scenario 1
	30
	4
	2
	1.51
	2
	1.4
	2

	Scenario 2
	30
	7
	2
	1.37
	3
	1.29
	3

	Scenario 3
	30
	4
	4
	1.72
	1
	1.54
	1

	Scenario 4
	30
	7
	4
	1.58
	1
	1.44
	2

	Scenario 5
	30
	4
	7
	1.97
	N/A
	1.79
	N/A

	Scenario 6
	30
	7
	7
	1.9
	N/A
	1.65
	1

	Scenario 7
	60
	4
	2
	1.12
	7
	1.08
	8

	Scenario 8
	60
	7
	2
	1.12
	8
	1.04
	9

	Scenario 9
	60
	4
	4
	1.26
	5
	1.19
	7

	Scenario 10
	60
	7
	4
	1.22
	7
	1.12
	8

	Scenario 11
	60
	4
	7
	1.31
	3
	1.28
	6

	Scenario 12
	60
	7
	7
	1.31
	4
	1.22
	6




As highlighted in Table 1, using the assumptions above instead of the agreed assumptions, DL scenarios 9, 10 and 12 are now passing the 1ms latency requirement which is not the case with the previously agreed assumptions.
Observation 1: Modifying the agreed evaluation assumptions leads to some scenarios meeting the 1ms latency requirement.
Observation 2: Not allowing the PDSCH/PUSCH to cross the slot boundary represent a bottleneck for the incurred latency in some of the evaluated cases. 
Observation 3: Allowing the PDSCH/PUSCH to cross the slot boundary reduces the incurred latency. 
The agreed common evaluation assumptions are useful to calibrate the results between different companies but are not necessarily optimal. Therefore, for some given scenarios, adjusting the assumptions may change the worst case latency and could even result in some scenarios passing the latency requirement. 
Proposal 1: For NR Rel-16, introduce enhancements, such as allowing the PDSCH/PUSCH to cross the slot boundary, which will reduce the incurred transmission latency.

It could also be concluded from the results in Appendix A, that the latency requirements for the power distribution and transport industry eURLLC services in Rel-16 could be met with the Rel-15 capability#2 for the single transmission and the two HARQ transmissions scenarios for all the numerologies. 
Observation 4: The requirements of power distribution and transport industry Rel-16 use-cases can be met with Rel-15 Capability #2 for the DL transmission in all the SCSs.
It is also clear that, even if the UE processing time is reduced, two HARQ transmissions couldn’t be accommodated for PDSCH duration of 7 OS for SCS = 30 kHz. Therefore, there is no need to introduce a new UE processing time capability for this case.
There is however some use cases like factory automation where the 1ms latency requirement couldn’t be accommodated for two HARQ transmissions based on the Rel-15 capability#2 UE processing time. 
Further potential enhancements for this case will be proposed and discussed in the next section. 
New UE processing time capability based on the traffic characteristics. 
In order to satisfy the stringent requirements of the URLLC traffic in terms of latency and reliability, further reduction of the minimum UE processing time in Rel-16 could be needed for some cases. New reduced processing time capability could allow for improved HARQ-based operation and the possibility to accommodate multiple HARQ transmissions within the latency budget.
It was agreed in RAN1#AH1901 that there will be no PDSCH or PUSCH processing time enhancement as compared to NR Rel-15 for SCS = 15kHz but the discussion is still ongoing to evaluate the Rel-15 latency and the potential need for more aggressive capability for the remaining numerologies.  
However, further reducing the UE processing time will lead to increased UE complexity and an additional burden on the UE implementation. It is therefore reasonable to focus on some specific use cases with the most critical requirements and with more potential for further processing time improvement.
Also from the RAN1#AH1901 chairman notes [1], companies were encouraged to report the list of possible operational constraints that enable reduction in UE processing time. We will therefore elaborate on the potential constraints the UE implementation will face to support a reduced processing time and we will propose some scheduling restrictions that will help reduce the complexity of the UE implementation with very minor performance impact. 
New UE processing time capability for predictable traffic
It could be observed from Table 3 that the most latency-critical use case in eURLLC Rel-16 is Factory automation. This use-case has the most interest among companies and there is also interest in using mmWave (e.g. 30GHz) to deploy eURLLC for factory automation. This use case has a periodic and deterministic traffic. Such properties could be exploited to introduce further improvements. 
The remaining use cases (Power distribution, transport industry and Rel-15 use cases) requirements as highlighted in Table 3 can be easily met with the Rel-15 capability#2 N1/N2 UE processing times. 
	Use case
	Reliability (%)
	Latency 
	Data packet size  and traffic model
	Description

	Power distribution

	99.9999
	5 ms (end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 
(TR 22.804:5.6.4)

	
	99.999 
	15 ms (end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:
250 bytes  
Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 
	Differential protection
(TR 22.804:5.6.6)

	Factory automation

	99.9999
	2 ms (end to end latency)
Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1 ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7 ms (air interface delay)
	DL & UL:
4096 and 10 K bytes
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

	99.999
	5 ms (end to end latency)
Note: 3 ms air interface latency 
	UL: 
2.5 Mpbs; Packet size 5220 bytes
DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 
(TS 22.186: 5.5)

	
	99.999
	10 ms (end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps; Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)
(TS 23.501, TS 22.261)


[bookmark: _Ref2162710]Table 3 : Rel-15 and Rel-16 URLLC Use Cases
The Rel-16 factory automation use case has the most stringent requirements in terms of latency and reliability amongst the Rel-15 and Rel-16 use cases. However, the URLLC traffic for factory automation is periodic and deterministic hence predictable. This traffic model property is of great importance and allows for reducing the amount of uncertainty at the UE processing. Therefore, a significant amount of optimization could be anticipated by the UE before the reception or the transmission of the packet. 
Also, the factory automation use case is associated with small packet sizes (~32 bytes) which could be also exploited for further optimization. 
As a result, the use cases and the service types should be taken into consideration to study introducing a new UE processing. 
Proposal 2: The UE processing timeline study should focus on the use cases with predictable traffic and small packet sizes. 
The UE could benefit from a priori knowledge of the TBS or fixed TBS. Therefore, the TBS could be signalled in advance or fixed to one constant value which is semi-statically configured to the UE. Alternatively a restricted range of TBS values could be used (5~10 values which are RRC configured to the UE). It is also possible to define an upper-bound on the TB sizes or the data rates.
A priori knowledge of the TBS or the TBS range allows the UE to anticipate a lot of processing and calibration (U-plane, L1 …) which could save time for the UE to focus on the packet decoding or the packet preparation when the packet arrives. 
Proposal 3: Prior knowledge at the UE of some of the transmission parameters, such as the TBS, could help in reducing the required processing times at the UE.

Impact of scheduling flexibility
Other restrictions could also be possible like removing the support of CBG transmission and the 3GPP ciphering when is used for the eURLLC traffic.
Some scheduling restrictions could also be introduced to further simplify the UE processing and alleviate the pressure on the UE implementation. 
For example, the HARQ feedback preparation and transmission is consuming a considerable amount of the UE processing time and could be simplified. One possibility is to restrict the HARQ feedback to specific PUCCH formats and decouple HARQ feedback from all other UCI information. For example, only HARQ-ACK reporting on PUCCH resources should be allowed and no CSI multiplexing on the same PUCCH. The CSI feedback could be sent on different PUCCH or dropped. This will save the time on the HARQ-ACK and CSI multiplexing efforts.
Observation 5: Restricting the HARQ feedback to specific PUCCH formats and decouple HARQ feedback from all other UCI information could save UE processing time.
Also ensuring a small UCI payload means the use of sequence based or Reed-Muller encoding instead of Polar encoding and this will help reducing the processing time. 
A priori knowledge of the PUCCH format is also very beneficial. The UE doesn’t need to decode the DCI to determine the PUCCH format and it will have an advance knowledge of the PUCCH resource set and advance knowledge of the UCI payload. Also, an advance knowledge of the PUCCH location in time and the TPC command will be very useful. 
Observation 6: A priori knowledge of PUCCH related information could accelerate the UE processing. 
To help improve the PUSCH processing time (N2), removing the support of the UCI piggy-backing on PUSCH will help reducing the PUSCH processing time. 
Observation 7: Separation of UL carrying A/N from UL carrying PUSCH data will help reducing the PUSCH processing time. 
Another important factor that contributes to the UE processing timeline is the PDCCH control complexity (e.g. number of blind decodes, channel estimation, number of non-overlapping CCEs). 
In Rel-15, there is a limit on the number of non-overlapping CCEs and BDs the UE is expected to perform in a slot. For delay insensitive traffic (e.g. eMBB traffic), it is typical to configure the UE with one monitoring occasion per slot. Hence, the budget for the #BDs and #non-overlapping CCE could be used for one monitoring occasion. But for traffic with low latency requirement, more than one monitoring occasion within a slot could be needed to meet the latency. Hence, the budget for the #BDs and #non-overlapping CCE will be distributed over several monitoring occasions.
However, given that there is no limit on the #BDs and #non-overlapping CCE per monitoring occasion, the UE needs to consider the worst case scenario when evaluating and reporting the required processing time (N1/N2). The UE then assumes that the budget for the #BDs is used for one monitoring occasion One possible solution to overcome this issue is to have a limit on the number of #BDs per monitoring occasion that the UE can support for a given specific processing timeline.
Observation 8: Restricting the number of #BDs and #non-overlapping CCE per monitoring occasion allows the UE to support a smaller processing time.
In general, we recommend more studies to simplify the UE PDCCH, PDSCH and PUSCH processing. Further simplification of the scheduling mechanisms and additional restriction on some options are also needed.
Proposal 4: Introduce new scheduling restrictions to simplify the UE processing to allow for a new capability#3 to be supported. 
On the main conclusions from this section is that the deterministic and periodic properties of the traffic play a very important role in optimizing the UE processing time. Processing time could be reduced for factory automation and capability#2 could be used for the remaining use cases. We also conclude that introducing some new scheduling restrictions should be further studied.

Out-of-order HARQ and scheduling
For a UE that support traffic types with different priorities, the DL traffic for URLLC might arrive in-between an eMBB PDSCH and the associated ACK/NACK. Given the low latency requirements for URLLC traffic, the HARQ feedback need to be transmitted with short delay to enable possible HARQ retransmission. Thus, this could results in out-of-order HARQ feedback as illustrated in Figure 1, which is not supported in Re-15. Delaying the URLLC’s HARQ feedback until the earlier PDSCH has been acknowledged, could results in missing the opportunity for any possible retransmission. As a consequence, the network will have to rely on single-shot transmission, which is not spectral efficient.
[image: ]
[bookmark: _Ref525908728]Figure 1: Out-of-order HARQ feedback.
Observation 9: The restriction on out-of-order HARQ could jeopardize the performance of URLLC service.
Thus, it is essential to support out-of-order HARQ feedback in Rel-16 to ensure efficient support for URLLC services, and is it is vital to know the conditions under which the UE can support this feature without dropping any of the HARQ feedbacks.
If the earlier PDSCH requires the same (or smaller) processing time compared to the later PDSCH, the out-of-order HARQ feedback could be supported without the need to skip decoding the earlier PDSCH. However, if the earlier PDSCH requires processing time larger than the later PDSCH, the UE will have to skip decoding the earlier PDSCH under some circumstances in order to decode the later PDSCH. For example, when the earlier PDSCH requires processing time larger than the later PDSCH, the UE may skip decoding the earlier PDSCH when it’s within X symbols from the later PDSCH (as illustrated in Figure 2).
[image: ]
[bookmark: _Ref1127961]Figure 2: UE skips decoding the earlier PDSCH when it’s within X symbols from the later PDSCH.
Observation 10: In the out-of-order HARQ feedback scenario, if earlier PDSCH requires the same (or smaller) processing time compared to the later PDSCH, the out-of-order HARQ feedback could be supported without the need to skip decoding the earlier PDSCH.
Observation 11: In the out-of-order HARQ feedback scenario, if the earlier PDSCH requires processing time larger than the later PDSCH, the UE will have to skip decoding the earlier PDSCH under some circumstances.
Proposal 5: For NR Rel-16, support out-of-order HARQ feedback, with the following condition;
· if the earlier PDSCH requires processing time larger than the later PDSCH, the UE may skip decoding the earlier PDSCH when it’s within X symbols from the later PDSCH. FFS the value of X.
Similar issue raises for the out-of-order UL scheduling (Figure 3). For this case, the UE should be allowed to skip transmitting the earlier scheduled PUSCH when the scheduling PDCCH is within X symbols of the PDCCH that scheduled the later PUSCH (as illustrated in Figure 4).
[image: ]
[bookmark: _Ref1127992]Figure 3: Out-of-order UL scheduling.
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[bookmark: _Ref1128619]Figure 4: UE skips transmitting a PUSCH when the scheduling PDCCH is within X symbols.
Proposal 6: For NR Rel-16, support out-of-order UL scheduling, with the following condition;
· the UE may skip transmitting the earlier scheduled PUSCH when the scheduling PDCCH is within X symbols of the PDCCH that scheduled the later PUSCH. FFS the value of X.

Conclusion
In this contribution, we discussed the UE processing times and we have the following observations and proposals:
Observation 1: Modifying the agreed evaluation assumptions leads to some scenarios meeting the 1ms latency requirement.
Observation 2: Not allowing the PDSCH/PUSCH to cross the slot boundary represent a bottleneck for the incurred latency in some of the evaluated cases. 
Observation 3: Allowing the PDSCH/PUSCH to cross the slot boundary reduces the incurred latency. 
Observation 4: The requirements of power distribution and transport industry Rel-16 use-cases can be met with Rel-15 Capability #2 for the DL transmission in all the SCSs.
Observation 5: Restricting the HARQ feedback to specific PUCCH formats and decouple HARQ feedback from all other UCI information could save UE processing time.
Observation 6: A priori knowledge of PUCCH related information could accelerate the UE processing. 
Observation 7: Separation of UL carrying A/N from UL carrying PUSCH data will help reducing the PUSCH processing time. 
Observation 8: Restricting the number of #BDs and #non-overlapping CCE per monitoring occasion allows the UE to support a smaller processing time.
Observation 9: The restriction on out-of-order HARQ could jeopardize the performance of URLLC service.
Observation 10: In the out-of-order HARQ feedback scenario, if earlier PDSCH requires the same (or smaller) processing time compared to the later PDSCH, the out-of-order HARQ feedback could be supported without the need to skip decoding the earlier PDSCH.
Observation 11: In the out-of-order HARQ feedback scenario, if the earlier PDSCH requires processing time larger than the later PDSCH, the UE will have to skip decoding the earlier PDSCH under some circumstances.

Proposal 1: For NR Rel-16, introduce enhancements, such as allowing the PDSCH/PUSCH to cross the slot boundary, which will reduce the incurred transmission latency.
Proposal 2: The UE processing timeline study should focus on the use cases with predictable traffic and small packet sizes. 
Proposal 3: Prior knowledge at the UE of some of the transmission parameters, such as the TBS, could help in reducing the required processing times at the UE.
Proposal 4: Introduce new scheduling restrictions to simplify the UE processing to allow for a new capability#3 to be supported. 
Proposal 5: For NR Rel-16, support out-of-order HARQ feedback, with the following condition;
· if the earlier PDSCH requires processing time larger than the later PDSCH, the UE may skip decoding the earlier PDSCH when it’s within X symbols from the later PDSCH. FFS the value of X.
Proposal 6: For NR Rel-16, support out-of-order UL scheduling, with the following condition;
· the UE may skip transmitting the earlier scheduled PUSCH when the scheduling PDCCH is within X symbols of the PDCCH that scheduled the later PUSCH. FFS the value of X.
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	SCS
	# PDCCH MOs
	PDSCH Duration 
	Rel-15 Latency (1Tx)
	Rel-15 Latency
(2Tx)
	Required N1
 (1Tx)
	Required N1
(2Tx)
	Latency after new N1

	Scenario 1
	30
	4
	2
	0.58
	1.29
	4.5
	3
	0.98

	Scenario 2
	30
	7
	2
	0.51
	1.16
	4.5
	3.25
	0.99

	Scenario 3
	30
	4
	4
	0.72
	1.51
	4.5
	0.75
	1

	Scenario 4
	30
	7
	4
	0.65
	1.37
	4.5
	2
	0.99

	Scenario 5
	30
	4
	7
	0.94
	1.94
	4.5
	NA
	

	Scenario 6
	30
	7
	7
	0.87
	1.87
	4.5
	NA
	

	Scenario 7
	60
	4
	2
	0.46
	0.97
	9
	9
	0.93

	Scenario 8
	60
	7
	2
	0.42
	0.94
	9
	9
	1

	Scenario 9
	60
	4
	4
	0.53
	1.1
	9
	8
	0.98

	Scenario 10
	60
	7
	4
	0.49
	1.04
	9
	9
	0.99

	Scenario 11
	60
	4
	7
	0.63
	1.27
	9
	4.75
	1

	Scenario 12
	60
	7
	7
	0.6
	1.17
	9
	6
	1

	Scenario 13
	120**
	4
	2
	0.46
	1.07
	20
	20
	1

	Scenario 14
	120**
	7
	2
	0.46
	1.07
	20
	20
	0.97

	Scenario 15
	120**
	4
	4
	0.47
	1.12
	20
	20
	0.96

	Scenario 16
	120**
	7
	4
	0.47
	1.11
	20
	20
	0.96

	Scenario 17
	120**
	4
	7
	0.49
	1.23
	20
	18
	0.96

	Scenario 18
	120**
	7
	7
	0.49
	1.23
	20
	18
	0.96


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];
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	SCS
	# PDCCH MOs
	PUSCH Duration
	Rel-15 Latency (1Tx)
	Rel-15 Latency
(2Tx)
	Required N2
 (1Tx)
	Required N2
 (2Tx)
	Latency after new N2

	Scenario 1
	30
	4
	2
	0.83
	1.51
	5.5
	2
	0.93

	Scenario 2
	30
	7
	2
	0.79
	1.37
	5.5
	3
	0.98

	Scenario 3
	30
	4
	4
	1.01
	1.72
	5
	1
	0.87

	Scenario 4
	30
	7
	4
	0.94
	1.58
	5
	1
	0.87

	Scenario 5
	30
	4
	7
	1.12
	1.97
	2.25
	N/A
	0.79

	Scenario 6
	30
	7
	7
	1.12
	1.9
	3
	N/A
	0.75

	Scenario 7
	60
	4
	2
	0.65
	1.12
	11
	7
	0.96

	Scenario 8
	60
	7
	2
	0.62
	1.12
	11
	8
	1

	Scenario 9
	60
	4
	4
	0.69
	1.26
	11
	5
	0.83

	Scenario 10
	60
	7
	4
	0.69
	1.22
	11
	7
	0.99

	Scenario 11
	60
	4
	7
	0.81
	1.31
	11
	3
	0.96

	Scenario 12
	60
	7
	7
	0.81
	1.31
	11
	4
	0.93

	Scenario 13
	120**
	4
	2
	0.79
	1.45
	35
	15
	0.97

	Scenario 14
	120**
	7
	2
	0.78
	1.43
	36
	16
	0.99

	Scenario 15
	120**
	4
	4
	0.81
	1.46
	34
	13
	0.98

	Scenario 16
	120**
	7
	4
	0.81
	1.46
	35
	15
	1

	Scenario 17
	120**
	4
	7
	0.93
	1.68
	32
	10
	0.92

	Scenario 18
	120**
	7
	7
	0.91
	1.66
	32
	12
	0.93


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];
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	SCS
	# PDCCH MOs
	PUSCH Duration
	Rel-15 Latency (1Tx)
	Rel-15 Latency
(2Tx)
	Required N2
 (1Tx)
	Required N2
 (2Tx)
	Latency after new N2

	Scenario 1
	30
	4
	2
	0.49
	1.17
	5.5
	4
	1

	Scenario 2
	30
	7
	2
	0.49
	1.13
	5.5
	4.5
	0.93

	Scenario 3
	30
	4
	4
	0.71
	1.49
	5.5
	1.25
	1

	Scenario 4
	30
	7
	4
	0.71
	1.35
	5.5
	1.25
	1

	Scenario 5
	30
	4
	7
	0.85
	1.81
	5.5
	N/A
	NA

	Scenario 6
	30
	7
	7
	0.85
	1.81
	5.5
	N/A
	NA

	Scenario 7
	60
	4
	2
	0.42
	0.92
	11
	11
	0.97

	Scenario 8
	60
	7
	2
	0.42
	0.92
	11
	11
	0.97

	Scenario 9
	60
	4
	4
	0.53
	1.03
	11
	9.5
	1

	Scenario 10
	60
	7
	4
	0.53
	1.03
	11
	9.5
	1

	Scenario 11
	60
	4
	7
	0.6
	1.22
	11
	6.75
	1

	Scenario 12
	60
	7
	7
	0.6
	1.22
	11
	6.75
	1

	Scenario 13
	120**
	4
	2
	0.57
	1.22
	36
	23
	1

	Scenario 14
	120**
	7
	2
	0.57
	1.22
	36
	23
	1

	Scenario 15
	120**
	4
	4
	0.64
	1.28
	36
	20.25
	1

	Scenario 16
	120**
	7
	4
	0.64
	1.28
	36
	20.25
	1

	Scenario 17
	120**
	4
	7
	0.67
	1.41
	36
	19
	1

	Scenario 18
	120**
	7
	7
	0.67
	1.41
	36
	19
	1


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];
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