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1. Introduction

In email discussion [AH1901-NR-01], to see the necessity to introduce a new N1/N2 timing capability, 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. This contribution is revised from R1-1902048.
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, where N1 values of rel-15 capability#2 and rel-16 new (maximum) capability in order to meet 1ms latency are given. It is assumed that N2 value for gNB processing time is equally set to new N1 value to assess rel-16 capability. Note that in some cases no reasonable value can be found to allow retransmission within 1ms (e.g., scenario 3, 5, 6). 
	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PDSCH Duration
	Worst case latency for completing single-shot transmission (ms)
	Worst case latency for completing two transmission (ms)
	PDSCH processing procedure time N1 (OS)

	
	
	
	
	Rel-15 cap#2
	Rel-15 cap#2 
	Rel-16 (new)
	Rel-15 cap#2 
	Rel-16 (new)

	1
	30
	4
	2
	0.58
	1.29
	0.99
	4.5
	3

	2
	30
	7
	2
	0.51
	1.15
	0.85
	4.5
	3

	3
	30
	4
	4
	0.72
	1.51
	-
	4.5
	N/A

	4
	30
	7
	4
	0.65
	1.36
	0.99
	4.5
	2

	5
	30
	4
	7
	0.94
	1.94
	-
	4.5
	N/A

	6
	30
	7
	7
	0.86
	1.86
	-
	4.5
	N/A

	7
	60
	4
	2
	0.46
	0.96
	-
	9
	-

	8
	60
	7
	2
	0.42
	0.92
	-
	9
	-

	9
	60
	4
	4
	0.53
	1.10
	0.98
	9
	8

	10
	60
	7
	4
	0.49
	1.03
	0.94
	9
	8

	11
	60
	4
	7
	0.64
	1.21
	0.98
	9
	4

	12
	60
	7
	7
	0.60
	1.17
	0.99
	9
	6


Table 1. DL latency (red means the total latency exceeds 1ms)

For UL, the latency analysis is presented in Tables 2 and 3 for SR-based PUSCH and grant-free PUSCH, respectively, where N2 values of rel-15 capability#2 and rel-16 new (maximum) capability in order to meet 1ms latency are given. It is assumed that N1 value for gNB processing time is equally set to new N2 value to assess rel-16 capability. Note that in some cases no reasonable value can be found to allow retransmission within 1ms (e.g., scenario 5, 6).
	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PDSCH Duration
	Worst case latency for completing single-shot transmission (ms)
	PUSCH preparation procedure time N2 (OS)
	Worst case latency for completing two transmission (ms)
	PUSCH preparation procedure time N2 (OS)

	
	
	
	
	Rel-15 cap#2 
	Rel-16 (new)
	Rel-15 cap#2 
	Rel-16 (new)
	Rel-15 cap#2 
	Rel-16 (new)
	Rel-15 cap#2 
	Rel-16 (new)

	1
	30
	4
	2
	0.85
	-
	5.5
	-
	1.49
	0.95
	5.5
	2

	2
	30
	7
	2
	0.82
	-
	5.5
	-
	1.42
	1.00
	5.5
	2.5

	3
	30
	4
	4
	1.03
	0.88
	5.5
	4
	1.74
	0.90
	5.5
	1

	4
	30
	7
	4
	0.96
	-
	5.5
	-
	1.64
	0.90
	5.5
	1

	5
	30
	4
	7
	1.14
	0.88
	5.5
	2
	1.99
	1.29
	5.5
	N/A

	6
	30
	7
	7
	1.14
	0.97
	5.5
	3
	1.92
	1.29
	5.5
	N/A

	7
	60
	4
	2
	0.66
	-
	11
	-
	1.16
	0.97
	11
	7

	8
	60
	7
	2
	0.63
	-
	11
	-
	1.13
	0.90
	11
	7

	9
	60
	4
	4
	0.70
	-
	11
	-
	1.27
	0.88
	11
	5

	10
	60
	7
	4
	0.70
	-
	11
	-
	1.24
	1.00
	11
	6.5

	11
	60
	4
	7
	0.83
	-
	11
	-
	1.43
	0.91
	11
	3

	12
	60
	7
	7
	0.83
	-
	11
	-
	1.40
	0.94
	11
	4


Table 2. UL latency for SR-based PUSCH (red means the total latency exceeds 1ms)

	Scenario
	SCS
(kHz)
	# PDCCH MOs
	PDSCH Duration
	Worst case latency for completing single-shot transmission (ms)
	Worst case latency for completing two transmission (ms)
	PUSCH preparation procedure time N2 (OS)

	
	
	
	
	Rel-15 cap#2
	Rel-15 cap#2 
	Rel-16 (new)
	Rel-15 cap#2 
	Rel-16 (new)

	1
	30
	4
	2
	0.35
	1.04
	0.88
	5.5
	4

	2
	30
	7
	2
	0.35
	1.01
	0.81
	5.5
	4

	3
	30
	4
	4
	0.57
	1.37
	0.95
	5.5
	2

	4
	30
	7
	4
	0.57
	1.26
	1.00
	5.5
	2.5

	5
	30
	4
	7
	0.71
	1.51
	-
	5.5
	N/A

	6
	30
	7
	7
	0.71
	1.51
	-
	5.5
	N/A

	7
	60
	4
	2
	0.31
	0.85
	-
	11
	-

	8
	60
	7
	2
	0.31
	0.81
	-
	11
	-

	9
	60
	4
	4
	0.41
	0.96
	0.89
	11
	8.5

	10
	60
	7
	4
	0.41
	0.96
	0.89
	11
	8.5

	11
	60
	4
	7
	0.49
	1.12
	0.99
	11
	8

	12
	60
	7
	7
	0.50
	1.12
	0.96
	11
	8


Table 3. UL latency for grant-free PUSCH (red means the total latency exceeds 1ms)
Based on the above latency analysis, the following observations can be made:

Observation 1: At least for 2-symbol and 4-symbol PDSCH, the reduced N1 can provide DL retransmission opportunity within 1ms. 
Observation 2: Except for 7-symbol PUSCH and 30 kHz subcarrier spacing, the reduced N2 can provide UL retransmission opportunity within 1ms.

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 1: 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: At least for 2-symbol and 4-symbol PDSCH, the reduced N1 can provide retransmission opportunity within 1ms. 

Observation 2: Except for 7-symbol PUSCH and 30 kHz subcarrier spacing, the reduced N2 can provide retransmission opportunity within 1ms.

Proposal 1: 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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