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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN 1#ad hoc meeting, the enhancement for scheduling/HARQ/CSI processing timeline for URLLC is discussed. Some agreements and observations are achieved as following[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.
Observation:
· For 15 kHz SCS, the 0.5ms one-way latency target cannot be achieved with Rel-15 NR.
· For FDD, the 0.5ms one-way latency target can be achieved for both DL and UL for 30kHz (and higher) SCS with Rel-15 NR for single shot transmission.
For TDD:
· For 60kHz (and higher) SCS, the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration for both DL and UL with Rel-15 NR for single-shot transmission. 
· For 30kHz SCS, 2 out of 3 companies report that the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration, whereas 1 company indicates that it cannot be achieved with Rel-15 NR for the assumed UL/DL configuration. 
In this contribution, we share our view on enhancement for scheduling/HARQ/CSI processing timeline.
2. Scheduling/HARQ/CSI processing times
2.1. Transmission latency 
2.1.1. PDSCH transmission latency 
In this section, the worst PDSCH transmission latency for 30kHz and 60kHz SCS are analyzed, as shown in table 1. The parameters for case 1 refer to the baseline in email discussion [2] after RAN1#ad hoc 1901 meeting. It should be pointed out that two OFDM symbols PDSCH transmission can provide the shorter latency compared to four OSs and seven OSs PDSCH. If two OSs can achieve the latency requirement under a certain SCS, it means the ITU requirement can be met for the SCS. Therefore, in the latency analysis we focus on two OSs case. Besides case 1, we also analyze case 1a targeting for further reducing latency by appropriate configuration. The parameters differences between case 1 and case 1a are listed in table 2. For case 1a, 14 PDCCH monitoring occasions per slot and 14 PUCCH occasions for HARQ-ACK with 1-symbol PUCCH per slot are assumed. Actually, PDCCH with one symbol duration and PUCCH with 1 symbol duration are supported in Rel-15 which can be used for lower latency scenario. From the table 1, it can be observed that 14 PUCCH occasions for HARQ-ACK per slot and 1 symbol PUCCH duration are beneficial for latency reduction. The details can be found in annex.
Table 1: Transmission latency for PDSCH in case 1 and case 1a
	FDD
	30kHz worst case
	60kHz worst case

	Case 
	Case 1
	Case 1a
	Case 1
	Case 1a

	PDSCH duration1
	2OS
	2OS
	2OS
	2OS

	one-shot transmission
	0.51ms
	0.51ms
	0.42ms
	0.42ms

	two-shot transmission
	1.15ms
	1.08ms
	0.94ms
	0.90ms


Table 2 the parameters difference between case 1 and case 1a
	parameter
	Case1 (baseline)
	Case 1a

	PDCCH configuration
	7 PDCCH monitoring occasions per slot and 1 symbol PDCCH duration
	14 PDCCH monitoring occasions per slot and 1 symbol PDCCH duration

	PUCCH configuration 
	7 PUCCH occasions for HARQ-ACK per slot and 1 symbol PUCCH duration
	14 PUCCH occasions for HARQ-ACK per slot and 1 symbol PUCCH duration


Observation 1: For PDSCH transmission,
· In FDD under 30kHz SCS with 2OS PDSCH, one-shot transmission latency slightly exceeds 0.5ms and two-shot transmission slightly exceeds 1ms latency. The gap is marginal.    
· In FDD under 60kHz SCS with 2OS PDSCH, both one-shot and two-shot transmission latency can meet latency target.
Proposal 1: Rel-16 supports maximum 14 PUCCHs occasions for HARQ-ACK transmission within one slot.
2.1.2. Grant-free PUSCH transmission latency 
In this section, the worst case of grant free PUSCH transmission latency for 30kHz and 60kHz SCS are analyzed. It is shown in Table 3. Grant free PUSCH transmission can provide shorter latency than grant based scheduling due to saving the SR latency. Thus the analysis focuses on grant free PUSCH transmission. The case 1 (baseline) and case 1a are investigated. The parameters differences between case 1 and case 1a are listed in Table 4. For case 1a, 14 PDCCH monitoring occasions per slot and 1 symbol periodicity for grant free PUSCH are assumed. From the Table 3, it can be observed that grant free PUSCH transmission with 1 symbol periodicity can reduce the latency. The details can be found in annex.
Table 3 Transmission latency for grant free PUSCH in case 1 and case 1a
	FDD
	30kHz worst case
	60kHz worst case

	Case 
	Case 1
	Case 1a
	Case 1
	Case 1a

	PDSCH duration
	2OS
	1OS
	2OS
	1OS

	one-shot transmission
	0.39ms
	0.32ms
	0.34ms
	0.30ms

	two-shot transmission
	1.04ms
	0.86ms
	0.84ms
	0.75ms


Table 4 the parameters difference between case 1 and case 1a
	parameter
	Case1 (baseline)
	Case 1a

	PDCCH configuration
	7 PDCCH monitoring occasions per slot and 1 symbol PDCCH duration
	14 PDCCH monitoring occasions per slot and 1 symbol PDCCH duration

	PUSCH configuration 
	grant free PUSCH with 2 OS duration and 2 symbol periodicity 
	grant free PUSCH with 1 OS duration and 1 symbol periodicity 


Observation 2: For grant free PUSCH transmission
· Based on assumptions of case 1, i.e. 7 PDCCH monitoring occasions per slot, under 30kHz SCS and with 2OS periodicity for grant free PUSCH in FDD, two-shot transmission exceeds 1ms latency. 
· Based on assumptions of case 1a, i.e. 14 PDCCH monitoring occasions per slot, under 30kHz SCS and with 1OS periodicity for grant free PUSCH in FDD, two-shot transmission can meet 1ms latency target.     
· For 60kHz SCS grant free PUSCH in FDD, both one-shot and two-shot transmission latency can meet latency target.
Proposal 2: Grant free PUSCH transmission with one OFDM symbol periodicity is supported in Rel-16. 
2.2. [bookmark: OLE_LINK15][bookmark: OLE_LINK17]Out-of-order scheduling and HARQ
2.2.1. Out of order scheduling 
In Rel.15, it is not permitted that a grant A scheduling later transmitted PDSCH/PUSCH A occurs earlier than another grant B scheduling earlier transmitted PDSCH/PUSCH B, which is called as out-of-order scheduling. However, such restriction is not applicable for DL intra-UE prioritization. For a UE with eMBB and URLLC service, URLLC DL traffic may arrive during an eMBB DL transmission (PDCCH/PDSCH). In such case, gNB may have to prioritize the later arrived URLLC DL traffic due to the tight latency and reliability requirement, as shown in Figure 2-1.
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Figure 2-1(a) DL out of order scheduling 
[image: ]
Figure 2-1(b) UL out of order scheduling 
Proposal 3: Out-of-order scheduling for different HARQ process IDs is supported in rel-16.
· For any two HARQ process IDs A and B for a given cell, UE can be scheduled that PDSCH/PUSCH with HARQ process ID A is before the ending symbol of the PDSCH/PUSCH with HARQ process ID B, where the scheduling DCI for the PDSCH/PUSCH transmission with HARQ process ID A comes after the scheduling DCI for the PDSCH/PUSCH transmission with HARQ process ID B.
Similarly, out of order scheduling with the same HARQ process ID should be supported. UE receives a grant scheduling PDSCH/PUSCH transmission with a HARQ process ID. Before the transmission of HARQ-ACK corresponding to the PDSCH/PUSCH, UE can receive another grant scheduling PDSCH/PUSCH with the same HARQ process ID, as shown in Figure 2-2.
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Figure 2-2 (1) Example of out-of-order DL scheduling with the same HARQ process ID
[image: ]  
Figure 2-2(2) Example of out of order PUSCH scheduling with the same HARQ process ID
Proposal 4: Out-of-order scheduling for the same HARQ process IDs is supported in rel-16.
· For a HARQ process ID for a given cell, UE can be scheduled that PDSCH A transmission with the HARQ process ID by DL grant A starts before the HARQ-ACK transmission for PDSCH B transmission scheduled by DL grant B with the same HARQ process ID.
In PUSCH enhancement section, multiple UL grant scheduling multiple PUSCH in consecutive available slots are provided, i.e. N (N>=2) UL grants schedule N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant. Actually, this is a kind of out of order scheduling, which also achieves PUSCH repetition for improving the reliability requirement. 
Proposal 5: The following out-of-order scheduling for the same HARQ process IDs is supported in rel-16
· For a HARQ process ID for a given cell, UE can be scheduled with two PUSCH transmissions using the same HARQ process ID by individual UL grants, where both grants are received before the 1st of the two PUSCH transmissions.
2.2.2. Out of order HARQ-ACK feedback
In Rel.15, it is not permitted that the HARQ-ACK feedback of a PDSCH is earlier than the HARQ-ACK feedback for another earlier scheduled PDSCH, which is called as out-of-order HARQ-ACK feedback. Due to the necessity of meeting latency bound, a UE can be scheduled with a URLLC PDSCH after an eMBB PDSCH is scheduled and before the HARQ-ACK transmission for the eMBB PDSCH. Besides, the HARQ-ACK of the URLLC PDSCH also needs to be transmitted before the HARQ-ACK of eMBB PDSCH. Therefore, out-of-order HARQ-ACK feedback should be supported for intra-UE prioritization, for the tight scheduling timing of URLLC service as shown in Figure 2-3. The similar mechanism can also be used for PUSCH. 
[image: ]
[bookmark: _Ref528602767]Figure 2-3: Example of out-of-order HARQ-ACK feedback in the case of eMBB DL transmission and URLLC DL transmission
For out of order PDSCH-to-HARQ, the HARQ-ACK priority should be determination at UE sides. For example, The HARQ-ACK corresponding to later arrived PDSCH should have the higher priority than earlier one of PDSCH. It means if two PUCCH with HARQ-ACK is overlapping in time, UE should transmit HARQ-ACK corresponding to the later arrived PDSCH and cancel the HARQ-ACK corresponding to the earlier PDSCH in the case of no multiplexing. The details can be found in our companion contribution [3]. 
Proposal 6: Out of order HARQ-ACK feedback is supported in rel-16.
· For any two HARQ process IDs A and B for a given cell, UE can be scheduled that PDSCH with HARQ process ID A is before PDSCH with HARQ process IDs B, where HARQ-ACK for the PDSCH with HARQ process IDs B transmits before the starting symbol of HARQ-ACK for the PDSCH with HARQ process IDs A.
2.3. Timeline for UL channel multiplexing
In Rel-15, owing to the flexible starting symbols and durations for PUCCH and PUSCH, there were many overlapping cases, such as PUCCH and PUCCH, PUCCH and PUSCH. It was agreed that for single-slot PUCCH overlaps with single-slot PUSCH in time domain, UCI is piggybacked on PUSCH when the multiplexing timeline requirements are met. Otherwise, UE considers that as an error case for which UE behavior is not specified. The multiplexing time is defined as N1+X and N2+Y. N1+X is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDSCH(s). N2+Y is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable). The X and Y are the additional processing time allowances when HARQ feedback is mapped to PUSCH (including the case that when UE decodes UL grant, the PUCCH preparation is going on, UE needs to cancel the preparation and start to transmit the corresponding information with another transmission). Furthermore, X=T+d1,1+d1,2, Y=T+d2,1, where T = 1. 
In URLLC, the similar multiplexing timeline principle can be starting point, in which N1 and N2 is replaced by N1’ and N2’ of URLLC. X and Y value can be FFS.   
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[bookmark: _Ref513769156]Figure 2-4: Illustration of overlapping PUSCH and PUCCH resources in a slot
Proposal 7: For URLLC traffic, Rel-15 multiplexing timeline principle can be as starting point, in which N1 and N2 are replaced by the enhanced N1 and N2. X and Y value can be FFS.
2.4. Cancelation timeline
In Rel-15, when UE is RRC configured DL reception or RRC configured UL transmission on semi-static flexible symbols, this configured DL reception or UL transmission can be cancelled by DCI granted UL transmission or DCI granted DL reception, respectively. Furthermore, the cancellation is subject to a minimum time constraint, which follows N2 timeline. That means UE cannot cancel the UL transmission that is to be transmitted over the OFDM symbols within N2 OFDM symbols after the end of the OFDM symbol carrying the SFI or DCI from UE perspective. For URLLC, more aggressive cancelation timeline should be considered to meet the very stringent latency requirement.


Figure 2-5. cancelation timeline defined in Rel-15
Proposal 8: UE cancelation timeline less than N2 can be considered for URLLC.
3. Conclusion
In the contribution, we have some investigations on scheduling/HARQ/CSI processing times, and propose that,
Observation 1: For PDSCH transmission,
· In FDD under 30kHz SCS with 2OS PDSCH, one-shot transmission latency slightly exceeds 0.5ms and two-shot transmission slightly exceeds 1ms latency. The gap is marginal.    
· In FDD under 60kHz SCS with 2OS PDSCH, both one-shot and two-shot transmission latency can meet latency target.
Observation 2: For grant free PUSCH transmission
· Based on assumptions of case 1, i.e. 7 PDCCH monitoring occasions per slot, under 30kHz SCS and with 2OS periodicity for grant free PUSCH in FDD, two-shot transmission exceeds 1ms latency. 
· Based on assumptions of case 1a, i.e. 14 PDCCH monitoring occasions per slot, under 30kHz SCS and with 1OS periodicity for grant free PUSCH in FDD, two-shot transmission can meet 1ms latency target.     
· For 60kHz SCS grant free PUSCH in FDD, both one-shot and two-shot transmission latency can meet latency target.
Proposal 1: Rel-16 supports maximum 14 PUCCHs occasions for HARQ-ACK transmission within one slot.
Proposal 2: Grant free PUSCH transmission with one OFDM symbol periodicity is supported in Rel-16.
Proposal 3: Out-of-order scheduling for different HARQ process IDs is supported in rel-16.
· For any two HARQ process IDs A and B for a given cell, UE can be scheduled that PDSCH/PUSCH with HARQ process ID A is before the ending symbol of the PDSCH/PUSCH with HARQ process ID B, where the scheduling DCI for the PDSCH/PUSCH transmission with HARQ process ID A comes after the scheduling DCI for the PDSCH/PUSCH transmission with HARQ process ID B.
Proposal 4: Out-of-order scheduling for the same HARQ process IDs is supported in rel-16.
· For a HARQ process ID for a given cell, UE can be scheduled that PDSCH A transmission with the HARQ process ID by DL grant A starts before the HARQ-ACK transmission for PDSCH B transmission scheduled by DL grant B with the same HARQ process ID.
Proposal 5: The following out-of-order scheduling for the same HARQ process IDs is supported in rel-16
· For a HARQ process ID for a given cell, UE can be scheduled with two PUSCH transmissions using the same HARQ process ID by individual UL grants, where both grants are received before the 1st of the two PUSCH transmissions.
Proposal 6: Out of order HARQ-ACK feedback is supported in rel-16.
· For any two HARQ process IDs A and B for a given cell, UE can be scheduled that PDSCH with HARQ process ID A is before PDSCH with HARQ process IDs B, where HARQ-ACK for the PDSCH with HARQ process IDs B transmits before the starting symbol of HARQ-ACK for the PDSCH with HARQ process IDs A.
Proposal 7: For URLLC traffic, Rel-15 multiplexing timeline principle can be as starting point, in which N1 and N2 are replaced by the enhanced N1 and N2. X and Y value can be FFS.
Proposal 8: UE cancelation timeline less than N2 can be considered for URLLC.
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5. Annex 
5.1 PDSCH transmission latency
[bookmark: _Hlk791167]The parameters in email discussion [2] are used to analyze PDSCH and PUSCH latency. 
· 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 for FDD, the PDCCH transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries.
· [bookmark: _Hlk536726092]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 = 7/14
· Case1: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];
· Case 1a: For the case of 14 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,1,1,1,1,1,1,1,1,1,1,1,1,1];
· PDSCH duration:
· 2 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 
· Case1:7 and using the following pattern: [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· Case1a:14 and using the following pattern: [1,1,1,1,1,1,1,1,1,1,1,1,1,1]
· UE decoding time for the last PDSCH: is N1 + d_1,1

For PDSCH, case 1a are also evaluated as marked by yellow color above. For case 1a, 14 monitoring occasions per slot for PDCCH and PUCCH carrying HARQ-ACK per slot. The PDSCH transmission procedure is shown in Figure 5-1. The details of latency of one-shot and two-shot transmission for PDSCH in worst case are shown in Table 5-1 and 5-2. 



Figure 5-1 PDSCH transmissions procedure

Table 5-1 Latency of one-shot transmission for PDSCH in case 1 and case 1a
	
	30kHz
	60kHz

	Case 
	Case 1
	Case 1a
	Case 1
	Case 1a

	PDSCH duration1
	2OS
	2OS
	2OS
	2OS

	PDCCH/PDSCH preparation for initial Tx
	4.75
	4.75
	9.5
	9.5

	PDCCH alignment
	2
	2
	2
	2

	PDCCH duration
	0
	0
	0
	0

	PDSCH duration
	2
	2
	2
	2

	PDCCH/PDSCH decoding at UE
	5.5
	5.5
	10
	10

	one-shot latency
	0.51ms
	0.51ms
	0.42 ms
	0.42 ms



1: PDCCH alignment: for 2OS PDSCH, the worst alignment time is 2 OFDM symbols. 
Table 5-2 ：Latency of two-shot transmission for PDSCH in case 1 and case 1a
	
	30kHz
	60kHz

	Case 
	Case 1
	Case 1a
	Case 1
	Case 1a

	PDSCH duration
	2OS
	2OS
	2OS
	2OS

	PDCCH/PDSCH preparation1
	4.75
	4.75
	9.5
	9.5

	PDCCH alignment
	2
	2
	2
	2

	PDCCH duration
	0
	0
	0
	0

	PDSCH duration
	2
	2
	2
	2

	PDCCH/PDSCH decoding and PUCCH preparation
	4.5
	4.5
	9
	9

	PUCCH alignment2
	1.5
	0.5
	1
	0

	PUCCH duration
	1
	1
	1
	1

	PUCCH decoding and PDCCH/PDSCH preparation
	7.5
	7.5
	15
	15

	PDCCH alignment3
	1.5
	0.5
	1
	0

	PDCCH duration
	0
	0
	0
	0

	PDSCH duration
	2
	2
	2
	2

	PDCCH/PDSCH decoding at UE 
	5.5
	5.5
	10
	10

	two-shot latency
	1.15 ms
	1.08ms
	0.94 ms
	0.90ms


1. PDCCH alignment: for 2OS PDSCH, the worst alignment time is 2 OFDM symbols. 
2. In the worst case, 1.5 and 0.5 symbols are needed for PUCCH alignment with the symbol boundary for case 1 and case 1a, respectively. 
3. In the worst case, 1.5 and 0.5 symbols are needed for the second PDCCH alignment with the symbol boundary for case 1 and case 1a, respectively. 

5.2 Grant-free PUSCH transmission latency
· For evaluating the impact of processing times on uplink latency:
· The latency of the initial transmission must include the alignment delay. 
· [bookmark: _Hlk914006]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 symbols
· Case 1a:1 symbol
· [bookmark: _Hlk774190]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 = 7/14
· Case1: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];
· Case 1a: For the case of 14 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,1,1,1,1,1,1,1,1,1,1,1,1,1];
· For GF-PUSCH: 
· The re-transmission is triggered by a dynamic grant.
· The number of PUSCH transmission occasions per slot:
· Case1:7 for the case of 2-symb PUSCH (i.e., the UL pattern is [2,2,2,2,2,2,2].)
· Case 1a:14 for the case of 1-symbol PUSCH (i.e., the UL pattern is [1,1,1,1,1,1,1,1,1,1,1,1,1,1].)
For grant free PUSCH, case 1a are also evaluated as marked by yellow color above. For case 1a, 14 monitoring occasions per slot for PDCCH and PUCCH carrying HARQ-ACK per slot. On the other hand, grant free PUSCH with 1 OS priority configuration is also evaluated for case 1a to achieve the shorter latency. The grant free PUSCH transmission procedure is shown in Figure 5-2.


[bookmark: _Ref5060]Fig 5-2 Grant-free PUSCH transmission procedure
The details of latency of one-shot and two-shot transmission for grant-free PUSCH in worst case are shown in Table 5-3 and 5-4. 
[bookmark: _Ref2366]Table 5-3 Latency of one-shot transmission for grant-free PUSCH in case 1 and case 1a
	
	30kHz
	60kHz

	case
	Case1
	Case 1a
	Case1
	Case 1a

	PUSCH duration
	2OS
	1OS
	2OS
	1OS

	PUSCH preparation
	2.75
	2.75
	5.5
	5.5

	PUSCH alignment
	2
	1
	2
	1

	PUSCH duration
	2
	1
	2
	1

	PUSCH decoding
	4.25
	4.25
	9.5
	9.5

	one-shot latency
	0.39ms
	0.32ms
	0.34ms
	0.30ms


[bookmark: _Ref11011]Table 5-4 Latency of two-shot transmission for grant-free PUSCH in worst case
	
	30kHz
	60kHz

	case
	Case1
	Case 1a
	Case1
	Case 1a

	PUSCH duration
	2OS
	1OS
	2OS
	1OS

	PUSCH preparation
	2.75
	2.75
	5.5
	5.5

	PUSCH alignment1
	2
	1
	2
	1

	PUSCH duration
	2
	1
	2
	1

	PUSCH decoding and PDDCH preparation
	6.5
	6.5
	13
	13

	PDCCH alignment2
	1.5
	0.5
	1
	0

	PDCCH duration
	1
	1
	1
	1

	PDCCH decoding PUSCH preparation at UE2
	5.5
	5.5
	11
	11

	PUSCH alignment3
	1.5
	0.5
	1
	0

	PUSCH duration
	2
	1
	2
	1

	PUSCH decoding
	4.25
	4.25
	8.5
	8.5

	two-shot latency 
	1.04ms
	0.86ms
	0.84ms
	0.75ms


1. PUSCH alignment: for case 1 and case 1a, the worst alignment symbol s are 2 and 1 OS, respectively. 
2. In the worst case, 1.5 and 0.5 symbols are needed for PDCCH alignment with the symbol boundary for case 1 and case 1a, respectively. 
3. In the worst case, 1.5 and 0.5 symbols are needed for the second PUSCH alignment with the symbol boundary for case 1 and case 1a, respectively. 
[bookmark: _GoBack]
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