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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1 Ad-Hoc 1901, we concluded that:
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.

This contribution evaluates the PDSCH & PUSCH processing timing for FDD operating in 30 kHz and 60 kHz according to the assumptions in [1].  
This is a revision of R1-1903320 with updated evaluation results on the PUSCH.
2. Evaluations
2.1 PDSCH Processing Time
The PDSCH processing time N1 and the N2 values assumed for gNB processing time calculations for the baseline, Rel-15 are summarized in Table 1,where these values based on UE processing Capability 2 [2]. 
[bookmark: _Ref974791]Table 1: Rel-15 UE capability 2, N1 and N2 values for PDSCH processing latency evaluation
	SCS
	Rel-15

	
	N1
	N2

	30 kHz
	4.5
	5.5

	60 kHz
	9
	11



The PDSCH latencies with 1st transmission and a 2nd retransmission for Rel-15 for different {30 kHz, 60 kHz} SCS, {4, 7} PDCCH monitoring occasions per slot with and {2, 4, 7} symbols PDSCH durations are summarized Table 2.  It can be observed that under all scenarios a single shot PDSCH (i.e. 1 transmission) meets the URLLC latency requirement of 1 ms.  Apart from 60 kHz SCS with 2 symbols PDSCH duration scenario, all other scenarios cannot meet the 1 ms latency requirement when 2 transmissions are used.
Observation 1: For Rel-15 PDSCH, a single shot PDSCH transmission can meet the 1ms latency requirement for all scenarios.
Observation 2: For Rel-15 PDSCH, with two PDSCH transmissions, only the 60 kHz with 2 symbol PDSCH duration scenario can meet the 1 ms latency requirement.  All other scenarios fail to meet the 1 ms latency requirement.





[bookmark: _Ref1046136]Table 2: PDSCH latencies for Rel-15
	PDCCH Monitoring (occasions/slot)
	PDSCH Duration (symbols)
	30 kHz
	60 kHz

	
	
	1st Tx
	2nd ReTx
	1st Tx
	2nd Tx

	4
	2
	0.57
	1.29
	0.45
	0.95

	
	4
	0.71
	1.50
	0.52
	1.09

	
	7
	0.96
	1.96
	0.64
	1.39

	7
	2
	0.50
	1.14
	0.41
	0.91

	
	4
	0.64
	1.36
	0.48
	1.02

	
	7
	0.89
	1.89
	0.61
	1.21



The N1 processing times are reduced in each scenario so that they meet the 1 ms latency requirement.  The N1 values evaluated (i.e. for Rel-16) are summarized in Table 3.  Note that as per assumption the gNB processing time is calculated assuming N2 = N1.  We assume that the lowest N1 value that can be reduced to is 1 symbol.
[bookmark: _Ref1048153]Table 3: Rel-16 N1 values (NOTE: N2 = N1) 
	PDCCH Monitoring (occasions/slot)
	PDSCH Duration (symbols)
	N1

	
	
	30 kHz
	60 kHz

	4
	2
	3
	9

	
	4
	1
	9

	
	7
	1
	4

	7
	2
	4
	9

	
	4
	2
	9

	
	7
	1
	6



The PDSCH latencies with 1st transmission and a 2nd retransmission for Rel-16 for different {30 kHz, 60 kHz} SCS, {4, 7} PDCCH monitoring occasions per slot with and {2, 4, 7} symbols PDSCH durations using the N1 values in Table 3 are summarized Table 4.  We can observed the following:
Observation 3: For Rel-16 PDSCH, 30 kHz with 7 symbols PDSCH duration, even reducing N1 to 1 symbol does not meet the 1 ms latency requirement when 2 PDSCH transmissions are used.
Observation 4: For Rel-16 PDSCH, 60 kHz, reducing N1 to 4 symbols enables all scenarios to meet the 1 ms latency requirement when 2 PDSCH transmissions are used.
Observation 5: For Rel-16 PDSCH, 60 kHz, reducing N1 to 6 symbols enables all scenarios with 7 PDCCH monitoring occasions per slot when 2 PDSCH transmissions are used.

[bookmark: _Ref1048608]Table 4: PDSCH latencies for Rel-16
	PDCCH Monitoring (occasions/slot)
	PDSCH Duration (symbols)
	30 kHz
	60 kHz

	
	
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx

	4
	2
	0.46
	0.96
	0.43
	0.93

	
	4
	0.50
	1.00
	0.50
	1.00

	
	7
	0.75
	1.25
	0.48
	0.98

	7
	2
	0.43
	1.00
	0.39
	0.86

	
	4
	0.46
	0.96
	0.46
	0.96

	
	7
	0.68
	1.18
	0.50
	1.00



For 30 kHz the N1 need to reduce to 1 symbol to benefit most of the scenarios but this can be challenging. Benefits can be seen when N1 is reduced to 2 symbols for 30 kHz.   For 60 kHz, reducing N1 to 4 symbols would benefit all the evaluated scenarios.
Proposal 1: Consider reducing the PDSCH processing time N1 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.

2.2 PUSCH Processing Time
The PUSCH processing time N1 and the N2 values assumed for gNB processing time calculations for the baseline, Rel-15 are summarized in Table 1,where these values based on UE processing Capability 2 [2]. 
Table 5: Rel-15 UE capability 2, N1 and N2 values for PUSCH processing latency evaluation
	SCS
	Rel-15

	
	N1
	N2

	30 kHz
	4.5
	5.5

	60 kHz
	9
	11



The PDSCH latencies with 1st transmission and a 2nd retransmission for Rel-15 for different {30 kHz, 60 kHz} SCS, {4, 7} PDCCH monitoring occasions per slot with and {2, 4, 7} symbols PUSCH durations are summarized Table 6.  We observe the following:
Observation 6: For Rel-15 PUSCH dynamic grant operating in 30 kHz, scenarios with 2 & 4 symbols PUSCH with a single shot transmission (1 PUSCH transmission) meet the 1 ms latency requirement. Scenarios with 7 symbols PUSCH fail to meet the 1 ms latency requirement.
Observation 7: For Rel-15 PUSCH dynamic grant operating in 60 kHz, all the scenarios, where a single shot transmission (1 PUSCH transmission) is used, meet the 1 ms latency requirement.
Observation 8: For Rel-15 PUSCH dynamic grant, none of the scenarios with 2 PUSCH transmissions meet the 1 ms latency requirement.
Observation 9: For Rel-15 PUSCH configured grant, all scenarios with a single shot transmission meet the 1 ms latency requirement.
Observation 10: For Rel-15 PUSCH configured grant with 2 PUSCH transmissions, scenarios with 2 & 4 symbols PUSCH duration operating in 60 kHz meet the 1 ms latency requirement.  Scenarios with 7 symbols PUSCH fail to meet the latency requirement.
[bookmark: _Ref1051483]Table 6: PUSCH latencies for Rel-15
	PDCCH Monitoring (occasions/slot)
	PUSCH Duration (symbols)
	Dynamic Grant
	Configured Grant

	
	
	30 kHz
	60 kHz
	30 kHz
	60 kHz

	
	
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx

	4
	2
	0.82
	1.46
	0.64
	1.14
	0.39
	1.07
	0.32
	0.86

	
	4
	1.00
	1.71
	0.68
	1.25
	0.61
	1.39
	0.43
	0.96

	
	7
	1.11
	1.96
	0.80
	1.41
	0.75
	1.54
	0.50
	1.13

	7
	2
	0.79
	1.39
	0.61
	1.11
	0.39
	1.04
	0.32
	0.82

	
	4
	0.93
	1.61
	0.68
	1.21
	0.61
	1.29
	0.43
	0.96

	
	7
	1.11
	1.89
	0.80
	1.38
	0.75
	1.54
	0.50
	1.13



The N2 processing times are reduced in each scenario so that they meet the 1 ms latency requirement.  The N2 values evaluated (i.e. for Rel-16) are summarized in Table 7.  Since for Dynamic Grant with 30 kHz SCS case, some scenarios with single transmission did not meet the 1 ms latency requirement and hence for 30 kHz, the N2 values for 1st and 2nd transmissions are also included in Table 7.  Note that as per assumption the gNB processing time is calculated assuming N1 = N2.  We assume that the lowest N2 value that can be reduced to is 1 symbol.
[bookmark: _Ref1053049]Table 7: Rel-16 N2 values (NOTE: N1 = N2) 
	PDCCH Monitoring (occasions/slot)
	PUSCH Duration (symbols)
	Dynamic Grant
	Configured Grant

	
	
	30 kHz
	60 kHz
	30 kHz
	60 kHz

	
	
	1st Tx
	2nd ReTx
	
	
	

	4
	2
	N/A
	2
	7
	4
	8

	
	4
	N/A
	1
	6
	2
	8

	
	7
	2
	1
	3
	1
	7

	7
	2
	N/A
	3
	7
	4
	8

	
	4
	N/A
	1
	7
	2
	8

	
	7
	3
	1
	4
	1
	7



The PUSCH latencies with 1st transmission and a 2nd retransmission for Rel-16 for different {30 kHz, 60 kHz} SCS, {4, 7} PDCCH monitoring occasions per slot with and {2, 4, 7} symbols PUSCH durations using the N2 values in Table 7 are summarized Table 8.  For those scenarios where there is no N2 defined for the single transmission case, the latency for a single transmission is based on the N2 used to for 2 transmission cases (these are in blue fonts). We can observed the following:
Observation 11: For Rel-16 PUSCH, for dynamic grant and configured grant operating in 30 kHz, reducing N2 to 1 symbol enables all scenarios with single shot PUSCH transmission to meet the 1 ms latency requirement.
Observation 12: For Rel-16 PUSCH, for dynamic grant and configured grant operating in 30 kHz with 2 PUSCH transmissions, reducing N2 to 1 symbol enables scenarios with 2 & 4 symbols PUSCH durations to meet the 1 ms latency requirement except for scenarios with 7 symbols PUSCH duration. 
Observation 13: For Rel-16 PUSCH dynamic grant operating in 60 kHz, reducing N2 to 3 symbols allows all scenarios to meet the 1 ms latency requirement.


[bookmark: _Ref1053615]Table 8: PUSCH latencies for Rel-16
	PDCCH Monitoring (occasions/slot)
	PUSCH Duration (symbols)
	Dynamic Grant
	Configured Grant

	
	
	30 kHz
	60 kHz
	30 kHz
	60 kHz

	
	
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx
	1st Tx
	2nd ReTx

	4
	2
	0.54
	0.89
	0.52
	0.95
	0.32
	0.89
	0.23
	0.73

	
	4
	0.50
	0.86
	0.57
	1.00
	0.46
	0.96
	0.38
	0.88

	
	7
	0.82
	1.25
	0.54
	0.89
	0.61
	1.11
	0.45
	0.95

	7
	2
	0.54
	0.96
	0.48
	0.88
	0.32
	0.82
	0.27
	0.70

	
	4
	0.50
	0.86
	0.55
	0.98
	0.46
	0.96
	0.38
	0.88

	
	7
	0.93
	1.25
	0.54
	0.91
	0.61
	1.11
	0.45
	0.95



For 30 kHz case, it is challenging to reduce the N2 processing time to 1 symbol.  However reducing N2 to 2 symbols enables the scenario with 2 symbols PUSCH duration to meet the latency requirement.  For 60 kHz case, reducing the N2 to 3 symbols can be challenging as this requires the processor to be 3 times faster.  However reducing N2 to 4 symbols can be considered which meets the latency requirement for all scenarios except the most challenging scenario using dynamic grant with 4 PDCCH monitoring occasions and a 7 symbol PUSCH duration.
Proposal 2: Consider reducing the PUSCH preparation time N2 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.

3. Conclusion
In this contribution we evaluated the HARQ transmission latencies for PDCH & PUSCH.  We observe the following:
Observation 1: For Rel-15 PDSCH, a single shot PDSCH transmission can meet the 1ms latency requirement for all scenarios.
Observation 2: For Rel-15 PDSCH, with two PDSCH transmissions, only the 60 kHz with 2 symbol PDSCH duration scenario can meet the 1 ms latency requirement.  All other scenarios fail to meet the 1 ms latency requirement.
Observation 3: For Rel-16 PDSCH, 30 kHz with 7 symbols PDSCH duration, even reducing N1 to 1 symbol does not meet the 1 ms latency requirement when 2 PDSCH transmissions are used.
Observation 4: For Rel-16 PDSCH, 60 kHz, reducing N1 to 4 symbols enables all scenarios to meet the 1 ms latency requirement when 2 PDSCH transmissions are used.
Observation 5: For Rel-16 PDSCH, 60 kHz, reducing N1 to 6 symbols enables all scenarios with 7 PDCCH monitoring occasions per slot when 2 PDSCH transmissions are used.
Observation 6: For Rel-15 PUSCH dynamic grant operating in 30 kHz, scenarios with 2 & 4 symbols PUSCH with a single shot transmission (1 PUSCH transmission) meet the 1 ms latency requirement. Scenarios with 7 symbols PUSCH fail to meet the 1 ms latency requirement.
Observation 7: For Rel-15 PUSCH dynamic grant operating in 60 kHz, all the scenarios, where a single shot transmission (1 PUSCH transmission) is used, meet the 1 ms latency requirement.
Observation 8: For Rel-15 PUSCH dynamic grant, none of the scenarios with 2 PUSCH transmissions meet the 1 ms latency requirement.
Observation 9: For Rel-15 PUSCH configured grant, all scenarios with a single shot transmission meet the 1 ms latency requirement.
Observation 10: For Rel-15 PUSCH configured grant with 2 PUSCH transmissions, scenarios with 2 & 4 symbols PUSCH duration operating in 60 kHz meet the 1 ms latency requirement.  Scenarios with 7 symbols PUSCH fail to meet the latency requirement.
[bookmark: _GoBack]Observation 11: For Rel-16 PUSCH, for dynamic grant and configured grant operating in 30 kHz, reducing N2 to 1 symbol enables all scenarios with single shot PUSCH transmission to meet the 1 ms latency requirement.
Observation 12: For Rel-16 PUSCH, for dynamic grant and configured grant operating in 30 kHz with 2 PUSCH transmissions, reducing N2 to 1 symbol enables scenarios with 2 & 4 symbols PUSCH durations to meet the 1 ms latency requirement except for scenarios with 7 symbols PUSCH duration. 
Observation 13: For Rel-16 PUSCH dynamic grant operating in 60 kHz, reducing N2 to 3 symbols allows all scenarios to meet the 1 ms latency requirement.

We therefore propose the following:
Proposal 1: Consider reducing the PDSCH processing time N1 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.
Proposal 2: Consider reducing the PUSCH preparation time N2 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.
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