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1 Introduction
From last RAN1 meeting, the following agreement was made for scheduling/HARQ processing timing enhancements and out-of-order HARQ scheduling.
	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


This contribution discusses numerical latency analysis on scheduling/HARQ processing timeline and the necessity based on results. Especially, numerical latency analysis is based on the output of email discussion concluded in last RAN1 meeting. Details of assumptions are in the appendix. Since there were no discussions regarding CSI processing timeline and others, the contents are mainly same as previous one [1]. Also, out-of-order HARQ are further discussed in detail.  
2 Scheduling/HARQ processing timeline 
In this section, Table 2 are considered to evaluate scheduling/HARQ processing timeline for downlink and uplink. As given in Table 2, 30kHz and 60kHz are assumed as FDD and while 120kHz are assumed as TDD such as [D,D,D,D,D,D,F,F,U,U,U,U,U,U]. Detailed results are given in Tables 3-14 in the appendix. From those results, following observation are made. 
Observation 1: For all subcarrier spacings, single shot transmission can be done within 1ms for grant-based PUSCH/PDSCH and grant-free PUSCH except for grant-based PUSCH transmission with 30kHz & 7 symbol.
Observation 2: Shorter PDCCH monitoring can provide more relaxed maximum required N1/N2 to complete two transmissions within 1ms. 
Observation 3: If gNB processing time is assumed to have larger value than UE processing time, it needs further aggressive maximum required UE processing time N1/N2 to complete two transmissions within 1ms. On the other hands, if gNB processing time is assumed to have smaller value than UE processing time, it may not need to enhance further UE processing time N1/N2 because it is likely to complete two transmissions within 1ms. 
As shown in Tables 3-14 in appendix, it is noted that some cases are not entirely able to satisfy 1ms latency bound even though N1=N2=0 are assumed. Above all, it is also evident that both UE and gNB are required to have higher performance, bigger complexity, larger cost to achieve this. It would be difficult to satisfy latency requirements for all cases such as subcarrier spacing, time domain data resource allocation and so on. That is, reduced processing time is not free solution to reduce latency further, so it should be carefully considered whether it’s really necessary or not to satisfy eURLLC requirement. Otherwise, Rel-15 scheduling/HARQ processing timeline should be reused. As the same argument that it is agreed not to enhance 15kHz scheduling/HARQ processing timeline due to large symbol duration and quite burden to reduce processing time further, other subcarrier spacings has also similar problem, and moreover, from numerical analysis, it is shown that at least one shot transmission is sufficient to satisfy 1ms latency budget in case of 30/60/120kHz, on the other hand, one shot transmission for grant-based PUSCH cannot meet 1ms latency budget in case of 15kHz grant-based PUSCH (as shown in [1]). Accordingly, the main problem is actually 15kHz, not other 30/60/120kHz. Accordingly, 
Proposal 1: No need to introduce new scheduling/HARQ processing time (like N1’ and N2’) because at least one condition satisfies 1ms latency bound for all subcarrier spacings.

Next, it considers how many resources are used according to different transmission opportunities. For simplicity, two cases are assumed to evaluate: one is one transmission (one shot) and the other is two transmissions (two shots). For each transmission, 4 symbol duration and mapping type B (front-loaded DMRS) are considered, that is, 1 symbol is used for DMRS transmission and the remaining 3 symbols are used for data transmissions. In case of one shot, it is assumed that gNB shall schedule the TBS satisfying BLER of 10-6. On the other hand, in case of two shots, the first transmission is targeted for BLER of 10-1 and the second transmission is targeted for BLER of 10-6. Moreover, for calculating the number of REs used for data transmission, it should take the number of REs used for control transmission scheduling the data transmission into account. In this regards, there are two models for PDCCH ALs according to SNR range. 
Table 1. Two overhead models for PDCCH ALs

	PDCCH overhead Model A
	PDCCH overhead Model B

	ALs
	SNR range (dB)
	ALs
	SNR range (dB)

	1
	9 ~
	1
	5 ~

	2
	5 ~ 8
	2
	-1 ~ 4

	4
	0 ~ 4
	4
	~ -2

	8
	~ -1
	
	


In Table 7, model A is based on PDCCH evaluation results in case of TDL-C 300ns 4RX presented in [3], while model B is assumed to use less amount of PDCCH resources than model A. 
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Figure 1. the average number of scheduled REs vs. SNR (left: model A, right: model B)
Figure 1 shows the average number of scheduled REs according to different SNR range when gNB can schedule TBS of 32 bytes, respectively. Left figure shows results applied with model A and right figure shows results applied with model B. It is shown that two shots require less average number of scheduled REs than one shot scheme over general SNR range. Gains of two shots over one shot are about 2% ~ 14% in case of model A and gain shows 2% ~ 20% in case of model B. In view that most URLLC UEs would be in medium or high SNR range from DL and UL geometry results of [2], the general gain could be smaller than median values, i.e., 8% for model A and 11% for model B. It is noted that the above results do not take PUCCH overhead for transmitting HARQ-ACK into account and therefore the gain of two shot over one shot would be worse than what it is observed in Fig. 1 if considering the overhead of PUCCH targeting BLER of lower than 10-6. Besides of PUCCH overhead for HARQ-ACK, reliability of HARQ-ACK would be another issue to URLLC transmission. If false-alarm rate (NACK to ACK) of HARQ-ACK is higher than 10-6, UE is likely to fail to receive packet satisfying URLLC requirement as gNB does not retransmit the packet on time even though MAC layer HARQ operation would be done as a supplementation. 
Observation 4:  Two transmissions scheme is expected to have the median gain of around 8% and 11% over one transmission for PDCCH overhead model A and B, respectively, under the assumption that PUCCH overhead is not taken into account and HARQ-ACK transmission has error-free (i.e., success rate of 100%). 
Observation 5: Two transmissions scheme is expected to have the representative gain of lower than 8% over one transmission scheme in case of PDCCH overhead model A if considering DL and UL SNR geometry results. 

Observation 6: Two transmissions scheme is expected to have the representative gain of lower than 8% over one transmission scheme in case of PDCCH overhead model A if considering the overhead of PUCCH targeting BLER of lower than 10-6. 
3 CSI processing timeline
For aperiodic CSI reporting, a UE transmits CSI report(s) in a PUSCH after receiving CSI request field in a corresponding DCI format. A processing timeline for CSI computation was introduced in Rel-15 NR. Moreover, if URLLC traffic characteristic is periodic, Rel-15 NR periodic CSI method can be just reused. In case that URLLC traffic has sporadic characteristic, it is mostly difficult for gNB to utilize aperiodic CSI information at initial transmission because traffic arrival of URLLC seems not expectable. So, it is mainly applicable when aperiodic CSI reporting is only applicable between initial transmission and retransmission. However, this is very rare case because retransmission event happens with the probability of 0.001% if gNB schedules URLLC UE using MCS table 3. That is, just one retransmission may be needed among 105 initial transmissions. Above all, it is quite unclear on how/what enhanced CSI processing timeline can improve URLLC requirement. Even though new CSI processing timeline is considered to report CSI feedback with HARQ-ACK, it is likely to affect N1 processing time because a UE has to process two kinds of UCIs (i.e., one is for HARQ-ACK and the other is for CSI) at the same time and then it may delay HARQ-ACK feedback compared to Rel-15 N1 values that makes URLLC latency longer. 
Observation 7: There are no clear benefits for enhancing CSI processing timeline for Rel-16 eURLLC.  

Proposal 2: No further study on enhanced CSI processing timeline.  

4 Out-of-order HARQ
Rel-15 NR does not allow having out-of-order HARQ when a gNB schedules multiple PDSCHs or PUSCHs with multiple HARQ processes in order to simplify and optimize UE processors. For example, if a UE is scheduled to transmit PUSCH at slot n+4 upon DCI format detection at slot n, the UE is not able to transmit another PUSCH at slot n+3 after detecting a DCI format at slot n+1. Then, the latter PUSCH needs to be delayed due to the in-order-HARQ condition and this will increase latency. This restriction may be removed for a UE that simultaneously supports a variety of URLLC services with different latency requirements such as in the power distribution scenario. Accordingly, it is necessary to study out-of-order HARQ for UEs supporting URLLC services having different latency requirements. 
Proposal 3: Support out-of-order HARQ procedures for Rel-16 URLLC UE.

If the necessity is identified, a couple of issues should be resolved. First thing is UE capability. So, it needs to discuss which types of UE can support out-of-order HARQ procedures. Main motivation of having in-order HARQ process is to reduce receiver complexity because UE may process each packet in parallel ways like pipe-line process, e.g., in series of gain controller, channel estimation, decoder and so on. Depending on UE capability, out-of-order HARQ can be handled differently. For example, if an UE has multiple receiver blocks or transmitter blocks, UE can process PDSCHs or PUSCHs having out-of-order HARQ without affecting UE processing timeline. For example, if a UE has two separate components per gain controller, channel estimation and decoder, the UE can process at most two PDSCH having out-of-order HARQ using current Rel-15 processing timeline table. So, this kind of information such as the number of processors should be known to gNB to schedule properly considering UE processing timeline. In this regard, it is possible that gNB allows to schedule PDSCH or PUSCH with out-of-order HARQ to only UEs having multiple processors. As other ways, it is also possible that additional UE behaviours (e.g., prioritization or multiplexing) should be studied considering existing processing time if out-of-order HARQ is also supported for UEs having one process. As a simple solution, UE may drop first PDSCH/PUSCH when out-of-order HARQ event happens or new processing time condition for out-of-order HARQ can be considered to determine whether first PUSCH/PDSCH scheduling would be dropped or processed even though out-or-order HARQ is scheduled by gNB. This case applies not only for UE supporting only URLLC but also UE supporting URLLC and eMBB at the same time. So, out-of-order HARQ should be studied jointly with intra-UE multiplexing. 
Proposal 4: For out-of-order HARQ, UE capability and related UE behaviour should be defined jointly.
5 CSI reference resource 

In LTE and NR release 15, for the CSI reference resource, a slot is used as a time unit to derive the CQI index, in which, 2 OFDM symbols are regarded as control signaling, and 12 OFDM symbols are regarded as PDSCH and DMRS. When URLLC is introduced, the latency and reliability requirement is higher. In order to meet latency requirement, the time unit to transmit PDSCH should be shorter, for lower subcarrier spacing configuration, just several number of OFDM symbols are often used to transmit PDSCH, in this case, the CSI derived based on a slot as time unit is not accurate, therefore, the number of OFDM symbols used as a time unit to derive the CQI index can be configurable.
Proposal 5: For URLLC, the number of OFDM symbols used as a time unit to derive the CQI index can be configurable.
6 Conclusions
This contribution discussed scheduling & HARQ & CSI processing timeline, out-of-order HARQ issue and CSI reference resource. Followings observations and proposals are made. 
Observation 1: For all subcarrier spacings, single shot transmission can be done within 1ms for grant-based PUSCH/PDSCH and grant-free PUSCH except for grant-based PUSCH transmission with 30kHz & 7 symbol.

Observation 2: Shorter PDCCH monitoring can provide more relaxed maximum required N1/N2 to complete two transmissions within 1ms. 

Observation 3: If gNB processing time is assumed to have larger value than UE processing time, it needs further aggressive maximum required UE processing time N1/N2 to complete two transmissions within 1ms. On the other hands, if gNB processing time is assumed to have smaller value than UE processing time, it may not need to enhance further UE processing time N1/N2 because it is likely to complete two transmissions within 1ms. 

Observation 4:  Two transmissions scheme is expected to have the median gain of around 8% and 11% over one transmission for PDCCH overhead model A and B, respectively, under the assumption that PUCCH overhead is not taken into account and HARQ-ACK transmission has error-free (i.e., success rate of 100%). 
Observation 5: Two transmissions scheme is expected to have the representative gain of lower than 8% over one transmission scheme in case of PDCCH overhead model A if considering DL and UL SNR geometry results. 

Observation 6: Two transmissions scheme is expected to have the representative gain of lower than 8% over one transmission scheme in case of PDCCH overhead model A if considering the overhead of PUCCH targeting BLER of lower than 10-6. 
Observation 7: There are no clear benefits for enhancing CSI processing timeline for Rel-16 eURLLC.  
Proposal 1: No need to introduce new scheduling/HARQ processing time (like N1’ and N2’) because at least one condition satisfies 1ms latency bound for all subcarrier spacings.

Proposal 2: No further study on enhanced CSI processing timeline.  

Proposal 3: Support out-of-order HARQ procedures for Rel-16 URLLC UE.
Proposal 4: For out-of-order HARQ, UE capability and related UE behaviour should be defined jointly.

Proposal 5: For URLLC, the number of OFDM symbols used as a time unit to derive the CQI index can be configurable.
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Appendix

Table 2. Evaluation assumptions for PDSCH and PUSCH processing timeline calibration
	· For evaluating the impact of processing times on downlink latency:

· The latency of the initial transmission must include the gNB processing time after receiving a packet from the higher layers and the alignment delay. 

· The alignment delay includes the gap between the two consecutive PDCCH monitoring occasions and the scheduling constraint due to the slot boundaries.

· The alignment delay should also be considered for scheduling the later PDSCHs.  

· gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH:

· Case1: UE’s N2/2 + X for scheduling the initial PDSCH and UE’s N2 + X for re-transmission.

· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.

· PDCCH duration = 1 symbol

· 1-symbol overlap between PDCCH and PDSCH

· Number of PDCCH monitoring occasions per slot = 4/7

· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];

· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];

· PDSCH duration:

· 2 symbols 

· 4 symbols 

· 7 symbols 

· PDSCH with front-loaded DMRS is assumed.

· PDSCH of mapping type B is assumed.

· PUCCH duration = 1 symbol

· Number of PUCCH carrying HARQ-ACK for URLLC per slot is 7 and using the following pattern: [1,0,1,0,1,0,1,0,1,0,1,0,1,0];

· UE decoding time for the last PDSCH: is N1 + d_1,1

· For evaluating the impact of processing times on uplink latency:

· The latency of the initial transmission must include the alignment delay. 

· For the case of SR-based PUSCH, the alignment delay includes the gap between the two consecutive SR occasions for FDD, the SR transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries. 

· For the case of grant-free PUSCH, the alignment delay includes the transmission constraint due to the grant-free UL occasions for the initial transmission, and the scheduling constraint due to the slot boundaries for the grant-based re-transmission.  

· For both SR-based PUSCH and grant-free PUSCH, the alignment delay should also be considered for PUSCH re-transmission triggered by a dynamic grant. 

· The first symbol of PUSCH consists of only DMRS.

· PUSCH with type-B mapping and no additional DMRS is assumed.

· For the case of grant-free PUSCH, the latency of the initial transmission must also include the UE’s processing time given as UE’s N2/2

· gNB’s PUSCH-to-PDCCH processing time (note that PDCCH alignment has to be included separately) is UE’s N1 + X

· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.

· gNB’s decoding time for the last PUSCH is UE’s N1/2 + X

· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.

· PUSCH duration: 

· Case 1: 2

· Case 2: 4 

· Case 3: 7

· For dynamic PUSCH, it is assumed that the TB cannot be repeated across the slot boundary. 

· PDCCH duration: 1 symbol

· Number of PDCCH monitoring occasions per slot = 4/7

· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];

· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];

· For GF-PUSCH: 

· The re-transmission is triggered by a dynamic grant.

· The number of PUSCH transmission occasions per slot:

· 7 for the case of 2-symb PUSCH (i.e., the UL pattern is [2,2,2,2,2,2,2].)

· 3 for the case of 4-symbol PUSCH (i.e., the UL pattern is [4,4,4,0].)

· 2 for the case of 7-symb PUSCH (i.e., the UL pattern is [7,7].)

· For SR-based PUSCH:

· gNB’s processing time for SR is UE’s N1

· Duration of the PUCCH for SR: 1 symbol

· Number of SR occasions per slot: 7 with [1,0,1,0,1,0,1,0,1,0,1,0,1,0] configuration.
· For SCS = 30/60KHz, FDD is assumed.

· The companies can additionally consider TDD; the assumed TDD UL/DL configuration should be reported.

· For SCS = 120KHz, the companies report the considered TDD UL/DL configuration (e.g., [D,D,D,D,D,D,F,F,U,U,U,U,U,U] can be assumed, where ‘F’ indicates the semi-static flexible symbol.)
· In this study, a timing advance is assumed to be 0.

· The gNB processing times assumed in here are only for the purpose of this study, and are not necessarily indicative of actual gNB processing capabilities.
· For each scenario, the following parameters are reported:

1. The worst-case latency for completing a single-shot transmission under NR Rel. 15 N1/N2 capabilities.

· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.

2. The worst-case latency for completing two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) under NR Rel. 15 N1/N2 capabilities.

· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.

3. In case a single-shot transmission cannot be completed under (1), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete a single-shot transmission within 1ms.

· Also, the latency reduction gains as compared to (1) above.

4. In case two transmissions cannot be completed under (2), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) within 1ms.

· Also, the latency reduction gains as compared to (2) above.

5. Support/No support for introducing new processing timing capabilities for Rel. 16 eURLLC.
· For the DL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· For the UL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· Besides the above mentioned values, the companies can consider other values for gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH, gNB’s PUSCH-to-PDCCH processing time, and gNB’s decoding time for the last PUSCH. In case other values are considered, the assumption of N2 = N1 when calculating the gNB processing time for the Rel. 16 analysis is not required.  

· For the UL study, a solution with N2 of Rel. 15 > N2 of Rel. 16 = N1 of Rel. 16 > N1 of Rel. 15 is not valid.

· The LLS and SLS evaluation results can be reported under the methodology agreed in RAN1 #95 for the scenarios identified above.


Table 3. Scheduling/HARQ processing time for grant-based PDSCH 
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission
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1 BS processing time 0.170 0.170 0.170 0.170 0.170 0.170 0.232 0.232 0.232

2

DL Frame alignment

(transmission alignment)

0.084 0.105 0.166 0.042 0.052 0.083 0.038 0.038 0.051

3 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4

UE processing delay

for PDSCH decoding

0.196 0.196 0.196 0.179 0.179 0.179 0.188 0.188 0.188

5

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.522 0.614 0.782 0.426 0.472 0.556 0.475 0.493 0.533

Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)

Step


Table 3 shows procedures for transmitting grant-based PDSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission. Also, assumptions per each step are considered as follows. 
· Step 1: N2/2 + X
· Step 2: Not cross border scheduling and [1,1,1,1,0,0,0,0,0,0,0,0,0,0] PDCCH monitoring is considered for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 4: N1+d1,1 where d1,1=1 due to 1-symbol overlap between PDCCH and PDSCH
Table 4. Scheduling/HARQ processing time for grant-based PDSCH 
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions
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1 BS processing time 0.170 0.170 0.170 0.170 0.170 0.170 0.232 0.232 0.232

2

DL Frame alignment

(transmission alignment)

0.054 0.064 0.115 0.027 0.032 0.057 0.027 0.038 0.051

3 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 UE processing delay for PDSCH decoding 0.098 0.098 0.098 0.089 0.089 0.089 0.094 0.094 0.094

5 UE processing delay for A/N 0.098 0.098 0.098 0.089 0.089 0.089 0.094 0.094 0.094

6

UL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.022 0.022 0.022

7 TTI for ACK/NACK transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

8 BS processing delay for decoding ACK/NACK 0.134 0.134 0.134 0.134 0.134 0.134 0.196 0.196 0.196

9 BS processing time for rescheduling 0.134 0.134 0.134 0.134 0.134 0.134 0.196 0.196 0.196

10

DL Frame alignment

(transmission alignment)

0.054 0.064 0.115 0.027 0.032 0.057 0.027 0.038 0.051

11 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

12 UE processing delay for PDSCH decoding 0.196 0.196 0.196 0.179 0.179 0.179 0.188 0.188 0.188

13

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.170 1.333 1.649 0.964 1.046 1.204 1.121 1.178 1.258

14

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

3 1.6 N/A 8.4 5.7 20 20 18.5

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 4 shows procedures for transmitting grant-based PDSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions. Also, assumption per each step are considered as follows. 
· Step 1: N2/2
· Step 2 and 10: Not cross border PDSCH scheduling and PDCCH monitoring is considered as [1,1,1,1,0,0,0,0,0,0,0,0,0,0] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 4 and 5: (N1+d1,1)/2 where d1,1=1 due to 1-symbol overlap between PDCCH and PDSCH
· Step 6: PUCCH occasions are assumed as [0,0,0,0,0,0,0,1,1,1,1,1,1,1] for 120kHz TDD
· Step 7: PUCCH for HARQ-ACK has 1 symbol duration 
· Step 8 and 9: (N2+X)/2 where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
· Step 12: N1+d1,1 where d1,1=1 due to 1-symbol overlap between PDCCH and PDSCH
· Step 13: Assuming N1=N2 and N/A means that even N1=N2=0 cannot satisfy 1ms latency
Table 5. Scheduling/HARQ processing time for grant-based PDSCH 
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission
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1 BS processing time 0.170 0.170 0.170 0.170 0.170 0.170 0.232 0.232 0.232

2

DL Frame alignment

(transmission alignment)

0.054 0.064 0.115 0.027 0.032 0.057 0.027 0.038 0.051

3 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4

UE processing delay

for PDSCH decoding

0.196 0.196 0.196 0.179 0.179 0.179 0.188 0.188 0.188

5

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.491 0.573 0.731 0.411 0.452 0.531 0.464 0.493 0.533

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 5 shows procedures for transmitting grant-based PDSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission. Most assumptions are same as Table 3 except for PDCCH monitoring pattern. 
Table 6. Scheduling/HARQ processing time for grant-based PDSCH 
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and two transmissions
[image: image5.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 BS processing time 0.170 0.170 0.170 0.170 0.170 0.170 0.232 0.232 0.232

2

DL Frame alignment

(transmission alignment)

0.054 0.064 0.115 0.027 0.032 0.057 0.027 0.038 0.051

3 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 UE processing delay for PDSCH decoding 0.098 0.098 0.098 0.089 0.089 0.089 0.094 0.094 0.094

5 UE processing delay for A/N 0.098 0.098 0.098 0.089 0.089 0.089 0.094 0.094 0.094

6

UL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.022 0.022 0.022

7 TTI for ACK/NACK transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

8 BS processing delay for decoding ACK/NACK 0.134 0.134 0.134 0.134 0.134 0.134 0.196 0.196 0.196

9 BS processing time for rescheduling 0.134 0.134 0.134 0.134 0.134 0.134 0.196 0.196 0.196

10

DL Frame alignment

(transmission alignment)

0.054 0.064 0.115 0.027 0.032 0.057 0.027 0.038 0.051

11 TTI for DL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

12 UE processing delay for PDSCH decoding 0.196 0.196 0.196 0.179 0.179 0.179 0.188 0.188 0.188

13

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.170 1.333 1.649 0.964 1.046 1.204 1.121 1.178 1.258

14

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

3.5 2.2 N/A 9 6.5 20 20 18.6

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 6 shows procedures for transmitting grant-based PDSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission. Most assumptions are same as Table 4 except for PDCCH monitoring pattern. 
Table 7. Scheduling/HARQ processing time for grant-free PUSCH 
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission
[image: image6.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

2

UL Frame alignment

(transmission alignment)

0.054 0.105 0.143 0.027 0.052 0.071 0.029 0.041 0.067

3 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 gNB processing delay for PUSCH decoding 0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

5

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.375 0.497 0.643 0.313 0.374 0.446 0.368 0.399 0.451

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 7 shows procedures for transmitting grant-free PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission. Also, assumption per each step are considered as follows. 
· Step 1: N2/2 to prepare PUSCH
· Step 2: [0,0,4,4] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U]) and not cross border scheduling
· Step 4: N1/2 + X where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
Table 8. Scheduling/HARQ processing time for grant-free PUSCH
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions
[image: image7.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

2

UL Frame alignment

(transmission alignment)

0.054 0.105 0.143 0.027 0.052 0.071 0.029 0.041 0.067

3 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 gNB processing delay for PUSCH decoding 0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

5 gNB processing delay for PUSCH scheduling 0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

6

DL frame alignment

(transmission alignment)

0.084 0.084 0.084 0.042 0.042 0.042 0.041 0.041 0.041

7 TTI for PDCCH transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

8 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

9 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

10

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

11 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

12 gNB processing delay for PUSCH decoding 0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

13

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.033 1.240 1.531 0.856 0.959 1.105 1.034 1.094 1.194

14

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

4.5 2.4 N/A 7.8 20 20 20

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 8 shows procedures for transmitting grant-free PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions. Also, assumption per each step are considered as follows. 
· Step 1: N2/2 to prepare PUSCH
· Step 2: [0,0,4,4] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 4 and 5: (N1+X)/2 where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
· Step 6: PDCCH monitoring is considered as [1,0,0,1,0,0,0,0,0,0,0,0,0,0] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 7: 1 symbol PDCCH 
· Step 8 and 9: N2/2
· Step 10: Not cross border scheduling
· Step 12: N1/2 + X where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
Table 9. Scheduling/HARQ processing time for grant-free PUSCH
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission
[image: image8.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

2

UL Frame alignment

(transmission alignment)

0.054 0.105 0.143 0.027 0.052 0.071 0.029 0.041 0.067

3 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 gNB processing delay for PUSCH decoding 0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

5

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.375 0.497 0.643 0.313 0.374 0.446 0.368 0.399 0.451

60kHz (cap. 2) 120kHz (cap. 1)

Step Description

30kHz (cap. 2)


Table 9 shows procedures for transmitting grant-free PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission. Most assumptions are same as Table 7 except for PDCCH monitoring pattern.
Table 10. Scheduling/HARQ processing time for grant-free PUSCH
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and two transmissions
[image: image9.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

2

UL Frame alignment

(transmission alignment)

0.054 0.105 0.143 0.027 0.052 0.071 0.029 0.041 0.067

3 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

4 gNB processing delay for PUSCH decoding 0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

5 gNB processing delay for PUSCH scheduling 0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

6

DL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

7 TTI for PDCCH transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

8 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

9 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

10

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

11 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

12 gNB processing delay for PUSCH decoding 0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

13

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.003 1.209 1.500 0.841 0.944 1.089 1.022 1.081 1.181

14

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

4.5 2.7 N/A 8.2 20 20 20

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 10 shows procedures for transmitting grant-free PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and two transmissions. Most assumptions are same as Table 8 except for PDCCH monitoring pattern.
Table 11. Scheduling/HARQ processing time for grant-based PUSCH
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission
[image: image10.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 SR waiting time 0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

2 TTI for SR transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

3

gNB processing delay

for SR decoding

0.161 0.161 0.161 0.161 0.161 0.161 0.179 0.179 0.179

4

DL frame alignment

(transmission alignment)

0.084 0.084 0.084 0.042 0.042 0.042 0.041 0.041 0.041

5 TTI for PDCCH transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

6 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

7 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

8

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

9 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

10

gNB processing delay

 for PUSCH decoding

0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

11

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.828 0.912 1.057 0.668 0.710 0.783 0.793 0.822 0.870

12

In case a single-shot transmission cannot be

completed under (1), companies report the maximum

required N1/N2 (smaller than those of the NR Rel. 15)

to complete a single-shot transmission within 1ms

4.2

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 11 shows procedures for transmitting grant-based PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and a single-shot transmission. Also, assumption per each step are considered as follows. 
· Step 1: SR occasions as [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and it is only applicable to transmit SR when the symbol is uplink or flexible for 120kHz TDD
· Step 2: 1 symbol SR transmission
· Step 3: N1 
· Step 4: PDCCH monitoring is considered as [1,0,0,1,0,0,0,0,0,0,0,0,0,0] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 5: 1 symbol PDCCH 
· Step 6 and 7: N2/2
· Step 8: Not cross border scheduling
· Step 10: N1/2 + X where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
Table 12. Scheduling/HARQ processing time for grant-based PUSCH
in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions
[image: image11.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 SR waiting time 0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

2 TTI for SR transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

3

gNB processing delay

for SR decoding

0.161 0.161 0.161 0.161 0.161 0.161 0.179 0.179 0.179

4

DL frame alignment

(transmission alignment)

0.084 0.084 0.084 0.042 0.042 0.042 0.041 0.041 0.041

5 TTI for PDCCH transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

6 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

7 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

8

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

9 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

10

gNB processing delay

 for PUSCH decoding

0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

11

gNB processing delay

 for PUSCH scheduling

0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

12

DL frame alignment

(transmission alignment)

0.084 0.084 0.084 0.042 0.042 0.042 0.041 0.041 0.041

13 TTI for PDCCH transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

14 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

15 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

16

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

17 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

18

gNB processing delay

 for PUSCH decoding

0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

19

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.486 1.654 1.945 1.212 1.296 1.441 1.460 1.517 1.613

20

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

1.4 0.2 N/A 6.7 5.6 3.5 13.1 11.5 8.7

Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)

Step


Table 12 shows procedures for transmitting grant-based PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,0,0,1,0,0,0,1,0,0,0,1,0] and two transmissions. Also, assumption per each step are considered as follows. 
· Step 1: SR occasions as [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and it is only applicable to transmit SR when the symbol is uplink or flexible for 120kHz TDD
· Step 2: 1 symbol SR transmission
· Step 3: N1 

· Step 4 and 12: PDCCH monitoring is considered as [1,0,0,1,0,0,0,0,0,0,0,0,0,0] for 120kHz TDD ([D,D,D,D,D,D,F,F,U,U,U,U,U,U])
· Step 5: 1 symbol PDCCH 
· Step 6, 7, 14 and 15: N2/2
· Step 8 and 16: Not cross border scheduling
· Step 10 and 11: (N1/2 + X)/2 where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
· Step 18: N1/2 + X where X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively
Table 13. Scheduling/HARQ processing time for grant-based PUSCH
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission
[image: image12.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 SR waiting time 0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

2 TTI for SR transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

3

gNB processing delay

for SR decoding

0.161 0.161 0.161 0.161 0.161 0.161 0.179 0.179 0.179

4

DL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

5 TTI for PDCCH transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

6 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

7 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

8

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

9 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

10

gNB processing delay

 for PUSCH decoding

0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

11

The worst-case latency for completing a single-shot

transmission under NR Rel. 15 N1/N2 capabilitie

0.797 0.881 1.027 0.653 0.695 0.768 0.781 0.809 0.857

12

In case a single-shot transmission cannot be

completed under (1), companies report the maximum

required N1/N2 (smaller than those of the NR Rel. 15)

to complete a single-shot transmission within 1ms

4.5

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 13 shows procedures for transmitting grant-based PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and a single-shot transmission. Most assumptions are same as Table 11 except for PDCCH monitoring pattern.
Table 14. Scheduling/HARQ processing time for grant-based PUSCH 
in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and two transmissions
[image: image13.emf]2OS 4OS 7OS 2OS 4OS 7OS 2OS 4OS 7OS

1 SR waiting time 0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

2 TTI for SR transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

3

gNB processing delay

for SR decoding

0.161 0.161 0.161 0.161 0.161 0.161 0.179 0.179 0.179

4

DL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

5 TTI for PDCCH transmisison 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

6 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

7 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

8

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

9 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

10

gNB processing delay

 for PUSCH decoding

0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

11

gNB processing delay

 for PUSCH scheduling

0.116 0.116 0.116 0.116 0.116 0.116 0.125 0.125 0.125

12

DL frame alignment

(transmission alignment)

0.054 0.054 0.054 0.027 0.027 0.027 0.029 0.029 0.029

13 TTI for PDCCH transmission 0.036 0.036 0.036 0.018 0.018 0.018 0.009 0.009 0.009

14 UE processing delay 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

15 UE processing time 0.098 0.098 0.098 0.098 0.098 0.098 0.161 0.161 0.161

16

UL Frame alignment

(transmission alignment)

0.038 0.051 0.089 0.019 0.026 0.045 0.027 0.038 0.059

17 TTI for UL data packet transmission 0.071 0.143 0.250 0.036 0.071 0.125 0.018 0.036 0.063

18

gNB processing delay

 for PUSCH decoding

0.152 0.152 0.152 0.152 0.152 0.152 0.161 0.161 0.161

19

The worst-case latency for completing two

transmissions (i.e., the initial transmission and one

HARQ-based re-transmission) under NR Rel. 15 N1/N2

capabilities

1.425 1.593 1.884 1.181 1.265 1.411 1.434 1.492 1.587

20

In case two transmissions cannot be completed under

(2), companies report the maximum required N1/N2

(smaller than those of the NR Rel. 15) to complete

two transmissions (i.e., the initial transmission and

one HARQ-based re-transmission) within 1ms

1.9 0.7 N/A 7.2 6 4 13.8 12.2 9.5

Step Description

30kHz (cap. 2) 60kHz (cap. 2) 120kHz (cap. 1)


Table 14 shows procedures for transmitting grant-based PUSCH according to different subcarrier spacings and PDSCH time domain durations in case of PDCCH monitoring = [1,0,1,0,1,0,1,0,1,0,1,0,1,0] and two transmissions. Most assumptions are same as Table 12 except for PDCCH monitoring pattern.
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