3GPP TSG RAN WG1 Meeting #96


R1-1902048
Athens, Greece, 25th February – 1 March, 2019
Agenda Item:
7.2.6.1.4
Source: 
LG Electronics

Title: 
Scheduling/HARQ processing timeline enhancements for NR URLLC
Document for:
Discussion and decision
1. Introduction

In email discussion [AH1901-NR-01], to see the necessity to introduce a new N1/N2 timing capability, the the following agreement was made [1]:
	Agreements:

To further study the need for introducing a new PDSCH and PUSCH processing timelines, the following cases are used for calibration of the results amongst the companies:

· 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.

· 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.


In this contribution, we discuss several discussion points regarding scheduling/HARQ processing timeline enhancement techniques to be studied from RAN1 point of view. 
2. Enhancement to N1/N2 timing capability
2.1. Latency analysis

According to the agreed assumptions, the latency analysis is presented in Table 1 for DL. For reduced (new) N1, it is assumed that N2 is set to N1. For UL, the latency analysis is presented in Tables 2 and 3 for SR-based PUSCH and grant-free PUSCH, respectively. For reduced (new) N2, it is assumed that N1 is set to N1.
	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PDSCH Duration
	Latency (OS) for completing single-shot transmission
	Latency (OS) for completing two transmission

	
	
	
	
	NR rel-15 N1

(30 kHz: 4.5,

60 kHz: 9) 
	Reduced N1
(30 kHz: 1,

60 kHz: 6) 

and N2=N1
	Gain (%)
	NR rel-15 N1 

(30 kHz: 4.5,

60 kHz: 9)
	Reduced N1
(30 kHz: 1,

60 kHz: 6) 

and N2=N1
	Gain (%)

	1
	30
	4
	2
	15.5
	8
	48.39%
	35.5
	18
	49.30%

	2
	30
	7
	2
	13.5
	8
	40.74%
	31.5
	18
	42.86%

	3
	30
	4
	4
	17.5
	10
	42.86%
	37.5
	20
	46.67%

	4
	30
	7
	4
	15.5
	10
	35.48%
	37.5
	20
	46.67%

	5
	30
	4
	7
	25.5
	12
	52.94%
	53.5
	26
	51.40%

	6
	30
	7
	7
	17.5
	12
	31.43%
	39.5
	24
	39.24%

	7
	60
	4
	2
	26
	17
	34.62%
	54
	41
	24.07%

	8
	60
	7
	2
	22
	17
	22.73%
	50
	39
	22.00%

	9
	60
	4
	4
	28
	19
	32.14%
	60
	43
	28.33%

	10
	60
	7
	4
	28
	19
	32.14%
	58
	43
	25.86%

	11
	60
	4
	7
	30
	27
	10.00%
	62
	55
	11.29%

	12
	60
	7
	7
	30
	27
	10.00%
	62
	55
	11.29%


Table 1. DL latency (red means the total latency exceeds 1ms)
	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PUSCH Duration
	Latency (OS) for completing single-shot transmission
	Latency (OS) for completing two transmission

	
	
	
	
	NR rel-15 N2
(30 kHz: 5.5,

60 kHz: 11) 
	Reduced N2
(30 kHz: 1,

60 kHz: 5)
and N1=N2
	Gain (%)
	NR rel-15 N2 

(30 kHz: 5.5,

60 kHz: 11)
	Reduced N2
(30 kHz: 1,

60 kHz: 5) 

and N1=N2
	Gain (%)

	1
	30
	4
	2
	21.25
	10.5
	50.59%
	39.25
	18.5
	52.87%

	2
	30
	7
	2
	21.25
	10.5
	50.59%
	37.25
	18.5
	50.34%

	3
	30
	4
	4
	23.25
	12.5
	46.24%
	41.25
	22.5
	45.45%

	4
	30
	7
	4
	23.25
	12.5
	46.24%
	41.25
	22.5
	45.45%

	5
	30
	4
	7
	26.25
	15.5
	40.95%
	53.25
	29.5
	44.60%

	6
	30
	7
	7
	26.25
	15.5
	40.95%
	53.25
	27.5
	48.36%

	7
	60
	4
	2
	34.5
	22.5
	34.78%
	62.5
	40.5
	35.20%

	8
	60
	7
	2
	34.5
	22.5
	34.78%
	62.5
	40.5
	35.20%

	9
	60
	4
	4
	40.5
	24.5
	39.51%
	70.5
	44.5
	36.88%

	10
	60
	7
	4
	40.5
	24.5
	39.51%
	70.5
	44.5
	36.88%

	11
	60
	4
	7
	43.5
	27.5
	36.78%
	77.5
	55.5
	28.39%

	12
	60
	7
	7
	43.5
	27.5
	36.78%
	75.5
	55.5
	26.49%


Table 2. UL latency for SR-based PUSCH (red means the total latency exceeds 1ms)
	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PUSCH Duration
	Latency (OS) for completing single-shot transmission
	Latency (OS) for completing two transmission

	
	
	
	
	NR rel-15 N2
(30 kHz: 5.5,

60 kHz: 11) 
	Reduced N2
(30 kHz: 1,

60 kHz: 7)
and N1=N2
	Gain (%)
	NR rel-15 N2 

(30 kHz: 5.5,

60 kHz: 11)
	Reduced N2
(30 kHz: 1,

60 kHz: 7) 

and N1=N2
	Gain (%)

	1
	30
	4
	2
	10.25
	6.5
	36.59%
	27.25
	14.5
	46.79%

	2
	30
	7
	2
	10.25
	6.5
	36.59%
	27.25
	14.5
	46.79%

	3
	30
	4
	4
	12.25
	10.5
	14.29%
	36.25
	20.5
	43.45%

	4
	30
	7
	4
	12.25
	10.5
	14.29%
	31.25
	20.5
	34.40%

	5
	30
	4
	7
	18.25
	16.5
	9.59%
	40.25
	29.5
	26.71%

	6
	30
	7
	7
	18.25
	16.5
	9.59%
	40.25
	29.5
	26.71%

	7
	60
	4
	2
	16.5
	13.5
	18.18%
	44.5
	37.5
	15.73%

	8
	60
	7
	2
	16.5
	13.5
	18.18%
	44.5
	37.5
	15.73%

	9
	60
	4
	4
	20.5
	15.5
	24.39%
	54.5
	41.5
	23.85%

	10
	60
	7
	4
	20.5
	15.5
	24.39%
	54.5
	39.5
	27.52%

	11
	60
	4
	7
	22.5
	21.5
	4.44%
	57.5
	48.5
	15.65%

	12
	60
	7
	7
	22.5
	21.5
	4.44%
	57.5
	48.5
	15.65%


Table 3. UL latency for grant-free PUSCH (red means the total latency exceeds 1ms)
As seen, by reducing N1/N2, significant latency reduction can be achieved, and moreover in most of cases, up to two transmissions can be completed within 1ms. The key question would be how much reliability gain can be obtained by allowing more PDSCH/PUSCH transmission opportunities within a given latency bound. 
Observation 1: The reduced N1/N2 timing capability can provide more PDSCH/PUSCH transmission opportunities within a given latency bound.
2.2. Reliability

For deriving reliability, the analytical calculation in Tables 4 and 5 from study on self-evaluation toward IMT-2020 submission are used [2]. 
Table 4. Successful probability notations for various events
	Successful Probability
	Description
	Remarks

	p0
	Successful probability of SR detection
	

	p1
	Successful probability of PDCCH transmission
	

	p2
	Successful probability of PDSCH/PUSCH transmission
	For Alternative 2, the successful probability is for i times transmission (i=1, 2, 3, …), and in this case p2 is denoted as p2, i, where p2, i indicates the successful probability of a data (PDSCH/PUSCH) block being correctly received after exactly i transmissions are soft combined.

	p3
	Successful probability of PUCCH NACK detection
	

	p4
	Successful probability of PUCCH DTX detection
	

	pt
	Total reliability (successful probability) for DL or UL
	


Table 5. Analytical calculation for reliability
	Applicable link direction and Transmission scheme
	Analytical calculation

	DL data transmission (general)
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	· Alternative 1
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where K is the total number of transmission attempts allowed in 1ms; M is the number of PDSCH transmissions in one transmission attempt; N is the number of PUCCH NACK transmissions in one transmission attempt.

	· Alternative 2
	NOTE: The following formula applies to the case where the M PUSCH transmissions in one transmission attempt are soft combined. And the number of PUCCH NACK transmission is N=1 in one transmission attempt.
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where K is the total number of transmission attempts allowed in 1ms; n is the number of transmission attempts where after n transmission attempts, the DL data is correctly received; M is the number of PDSCH transmissions in one transmission attempt.

	UL data transmission without grant
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	· Alternative 1
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where M is the number of PUSCH transmissions without grant; N is the number of PUSCH transmissions with one DCI; K-1 is the number of re-transmissions with DCI that include one PDCCH transmission and N times PUSCH transmission. 

	· Alternative 2
	NOTE: The following formula applies to the case where the multiple PUSCH transmissions in one transmission attempt are soft combined.
[image: image6.png]L3 =S
Pe=Pawt (1- Pu)z pmml_[(l ~ PaPaav)
= s




where M is the number of PUSCH transmissions without grant; N is the number of PUSCH transmissions with one DCI; K-1 is the number of re-transmissions with DCI that include one PDCCH transmission and N times PUSCH transmission.

	UL data transmission with grant
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	· Alternative 1
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where M is the times of SR transmission, K is the number of transmission attempts with DCI, and N is the number of PUSCH transmissions in one transmission attempt.

	· Alternative 2
	NOTE: The following formula applies to the case where the N PUSCH transmissions in one transmission attempt are soft combined.
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where M is the times of SR transmission, K is the number of transmission attempts with DCI, and N is the number of PUSCH transmissions in one transmission attempt.


2.2.1. System-level evaluation results

In Figure 1, the DL SINR CDFs to see the 5% Q-value are presented. 
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In Figure 1. DL SINR CDF (at 4 GHz carrier frequency)
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Figure 2. UL SINR CDF (at 4 GHz carrier frequency)

For each use case, the 5% Q-value is provided as follows:
	Channel
	Use case
	5%-tile point of SINR [dB]

	DL
	Power distribution
	-3.15

	
	Rel-15 enabled
	-3.73

	
	Factory automation
	-2.66

	PUSCH
	Power distribution
	1.17

	
	Rel-15 enabled
	-1.21

	PUCCH
	Power distribution
	1.20

	
	Rel-15 enabled
	0.81


Table 6. 5%-tile SINR points
2.2.2. Link-level evaluation results

In Figures 3 and 4, BLER performances of PDCCH and PDSCH are provided, respectively. In Figure 5, NACK-to-ACK performance for PUCCH is given to derive p3 in Table 4. The corresponding simulation assumptions are given in Appendix I.
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Figure 3. PDCCH BLER
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Figure 4. PDSCH BLER
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Figure 5. PUCCH error rate performance
Based on the link-level evaluation results, the probabilities in Table 4 at the 5%-tile SINR points in Table 6 can be obtained as follows:

	Successful Probability
	BLER

	p1
	AL4: > 0.99927
AL8: > 0.99999992

	p2
	MCS4, 2OS PDSCH, 94 RB: > 0.9999988
MCS6, 2OS PDSCH, 62 RB: > 0.999946
MCS8, 2OS PDSCH, 38 RB: > 0.9902
MCS0, 4OS PDSCH, 106 RB: > 0.99999999999
MCS2, 4OS PDSCH, 64 RB: > 0.9999999999 

	p3
	> 0.99932

	p4
	0.99


Table 7. Probabilities from link-level evaluation results
2.2.3. Analytical calculation of reliability

Plugging the values in Table 7 into the analytical calculation equation in Table 5, the reliability (success probability) can be computed as follows. Note that for DL reliability, we assume alternative 1 of analytical calculation.
	Configurations of considered test cases
	DL reliability pt
	Satisfy 1e-5 reliability?

	AL8, MCS4, 2OS PDSCH
	One-shot transmission 
	0.999998720000
	Y

	
	One retransmission 
	0.999999998382
	Y

	AL4, MCS4, 2OS PDSCH
	One-shot transmission 
	0.999268800876
	N

	
	One retransmission 
	0.999992169871
	Y

	AL8, MCS6, 2OS PDSCH
	One-shot transmission 
	0.999945920004
	N

	
	One retransmission   
	0.999999959557
	Y

	AL4, MCS6, 2OS PDSCH
	One-shot transmission 
	0.999216039420
	N

	
	One retransmission   
	0.999992054464
	Y

	AL8, MCS8, 2OS PDSCH
	One-shot transmission  
	0.990199920784
	N

	
	One retransmission   
	0.999897358963
	N

	AL4, MCS8, 2OS PDSCH
	One-shot transmission  
	0.989477154000
	N

	
	One retransmission 
	0.999875457467
	N

	AL8, MCS0, 4OS PDSCH
	One-shot transmission  
	0.999999919990
	Y

	
	One retransmission 
	0.999999999200
	Y

	AL4, MCS0, 4OS PDSCH
	One-shot transmission  
	0.999269999990
	N

	
	One retransmission 
	0.999992172429
	Y

	AL8, MCS2, 4OS PDSCH
	One-shot transmission  
	0.999999919900
	Y

	
	One retransmission 
	0.999999999200
	Y

	AL4, MCS2, 4OS PDSCH
	One-shot transmission  
	0.999269999900
	N

	
	One retransmission 
	0.999992172429
	Y


Table 8. DL reliability
As seen in Table 5, most of cases with capability 2 only allow 1 retransmission within a 1ms latency bound. From the results in Table 8, with assumption of 2OS PDSCH, some of cases cannot meet the reliability requirement of 10-5 with 1 retransmission within the 1ms latency bound. On the other hand, with assumption of 4OS PDSCH, due to possible use of more resources in time domain, relatively lower MCS can be selected for the same target packet size, and its link performance is sufficiently robust (e.g., under 10-6 at even lower than the 5% Q-value). It is observed that most of 4OS PDSCH cases can meet the reliability requirement. 

However, the considered test cases mostly require large number of RBs to transmit the target packet size (32 bytes) shown in Table 7, so if the available number of RBs is limited from network perspective, still it seems uncertain whether to meet the stringent reliability requirement under current NR processing timeline and performance of physical layer channels, which implies that allowing more retransmission would be essential to meet the reliability requirement. In this sense, exploiting more retransmission opportunity by reducing N1/N2 timing capability can be considered for our future work. 
Proposal 1: Reducing N1/N2 timing capability can be considered.
3. Out-of-order HARQ/scheduling

	5.1
UE procedure for receiving the physical downlink shared channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-processesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.
6.1
UE procedure for transmitting the physical uplink shared channel

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to Subclause 6.1.2.3 and according to Subclause 5.8.2 of [10, TS 38.321] upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI, or configurdGrantConfig not including rrc-ConfiguredUplinkGrant semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter configurdGrantConfig not including rrc-ConfiguredUplinkGrant.
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.


Considering the UE with mixed type of traffics having various latency/reliability requirements (e.g., eMBB and URLLC), it would be beneficial if out-of-order HARQ-ACK/scheduling are allowed. According to rel-15 TS38.214 as in the table above, out-of-order HARQ-ACK and out-of-order scheduling are disallowed to facilitate easier UE implementation. However, if out-of-order HARQ-ACK is supported, then gNB can schedule urgent URLLC DL traffic without waiting the HARQ-ACK feedback of eMBB scheduled earlier. Analogously, if out-of-order PUSCH scheduling is supported, gNB can schedule urgent URLLC UL traffic without waiting the eMBB PUSCH scheduled earlier. In this sense, we think that at least out-of-order HARQ-ACK/scheduling needs to be allowed. Furthermore, to allow out-of-order HARQ-ACK, at least timing gap between earlier HARQ-ACK for later PDSCH and later HARQ-ACK for earlier PDSCH needs to be taken into account. Similarly, to allow out-of-order PDSCH/PUSCH scheduling, at least timing gap between earlier PDSCH/PUSCH scheduled by later PDCCH and later PDSCH/PUSCH scheduled by earlier PDCCH needs to be taken into account. In addition, TB size or the number of RBs which can be a bottleneck for decoding/channel estimation needs to be considered for determining whether to allow out-of-order HARQ-ACK/scheduling. 
Proposal 2: Allowing out-of-order HARQ-ACK and out-of-order PUSCH scheduling can be considered with condition of timing gap.

· For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE can expect to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i

· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, the UE can expect to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B

4. Conclusions

In this contribution, we discussed several aspects on scheduling/HARQ processing timeline enhancements for NR URLLC. Based on the above discussion, our observation and proposals are given as follows:

Observation 1: The reduced N1/N2 timing capability can provide more PDSCH/PUSCH transmission opportunities within a given latency bound.
Proposal 1: Reducing N1/N2 timing capability can be considered.
Proposal 2: Allowing out-of-order HARQ-ACK and out-of-order PUSCH scheduling can be considered with condition of timing gap.

· For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE can expect to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i

· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B, the UE can expect to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B
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Appendix I: Simulation assumptions

For link-level evaluation, the following parameters are assumed as follows.
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h 

	BS antenna configuration
	4 Tx/4 Rx antenna ports 

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	DCI payload
	40, 24 bits

	Aggregation levels
	1, 2, 4, 8, 16

	CORESET duration
	1 symbol

	REG bundle size
	6

	Channel coding for PDCCH
	Polar code

	Precoder
	Precoder cycling 

	MCS for PDSCH
	MCS 4/6/8/10 for targeting 32 bytes transmission

	Channel coding for PDSCH
	LDPC, Sum-product decoding

	DMRS configuration
	Front-loaded DMRS (one symbol)


For system-level evaluation, the parameters in TR 38.824 are assumed. Below are the parameters which are actually assumed for purpose of evaluation among listed parameters. 
	BS antenna configurations
	4 Tx/4 Rx antenna ports 

(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports;

dH = 0.5λ, dV = 0.8λ;

antenna tilt =102 degree

	UE antenna configuration
	2 Tx/4 Rx antenna ports 

Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;

(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UL power control
	PUSCH: P0 = -106 dBm, α=1
PUCCH: P0 = -108 dBm

	Number of UEs per cell
	Power distribution: 10
Rel-15 enabled: 20

Factory automation: 40
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