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Introduction
Evaluation methodology for the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC is proposed [1]: 
Agreements:
· 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.  
· [bookmark: _Hlk791167]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. 
· [bookmark: _Hlk913925]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. 
· [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
· Case 2: 4 
· Case 3: 7
· [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 = 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. 
· [bookmark: _Hlk806823]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 show our views on enhancements to scheduling/HARQ processing timeline, including evaluation for processing timeline and out-of-order issues.
Discussion
1.1 Evaluation of processing timeline
According to processing timeline evaluation agreed in [1], the processing procedure for DL transmission, configured grant transmission and UL grant based transmission are shown in Figure 1a, Figure1b and Figure 1c.


(a) DL transmission


(b) Configured grant transmission


(c) Grant based transmission
Figure1 Processing procedure model 
The following two combinations are analyzed and Table 1-3 shows evaluation result for 30khz. For a single-shot transmission, worst case is provided. For two transmissions, average case is provided due to average latency has an important role in system efficiency improvement.
Baseline: Rel15 capability 2 and Number of PDCCH monitoring occasions per slot = 4 and long PDSCH/PUSCH duration, e.g. 4symbols.
Low latency: Rel15 capability 2 and Number of PDCCH monitoring occasions per slot = 7 and short PDSCH/PUSCH duration, e.g. 2 symbols.
Table1 The worst-case latency for completing a single-shot transmission
	Unit: Symbol
	DL Tx
	Configured Grant
	UL grant based

	Baseline
	16
	17
	28

	Low latency
	14
	11
	24



Table 2 The average latency for completing two transmissions
	Unit: Symbol
	DL Tx
	Configured Grant
	UL grant based

	Baseline
	35.5
	30.10
	44.36

	Low latency
	31.5
	23.64
	36.93



Table 3 Maximum required N1/N2 for completing two transmissions
	Unit: Symbol
	DL Tx
	Configured Grant
	UL grant based

	
	Max(N1)
	Latency
	Max(N2)
	Latency
	Max(N2)
	Latency

	Baseline
	0.5
	27.5
	4
	27.79
	0
	24.93

	Low latency
	2.5
	27.5
	5.5
	23.64
	0
	30.64



From Table 1-3, we could observe that:
· For a single-shot transmission even for worst case, DL transmission, Configured grant transmission and UL grant based transmission can be completed within 1ms.
· For two transmissions, Only Configured grant with low latency configuration can be completed within 1ms.
· For requirement on processing capability, 
· For DL transmission, processing capability needs to improve from 4.5symbol to 0.5/2.5symbol.
· For Configured grant transmission, processing capability needs to improve from 5.5symbol to 4/5.5 symbol.
· For UL grant based transmission, required processing capability is 0, which is not feasible.
Observation1:
· For a single-shot transmission for worst case, DL transmission, Configured grant transmission and UL grant based transmission can be completed within 1ms.
· For two transmissions, Only Configured grant with low latency configuration can be completed within 1ms.
· For requirement on processing capability, 
· For DL transmission, processing capability needs to improve from 4.5-symbol to 0.5/2.5-symbol.
· For Configured grant transmission, processing capability needs to improve from 5.5-symbol to 4/5.5 symbol.
· For UL grant based transmission, required processing capability is 0, which is not feasible.
1.2 Out of order issue
Based on the agreements made in Rel-15 NR, the following scheduling/HARQ timelines are not expected by UE. These restrictions are due to not only UE processing capability but also HARQ-ACK feedback scheme in Rel-15. However, to satisfy the latency requirement of URLLC, the limitations on scheduling and HARQ-ACK feedback in NR Rel-15 should be released.
· Case 1: DCI 1 is transmitted before DCI 2, UE does not expect PDSCH 2/PUSCH 2 corresponding to DCI 2 is before PDSCH 1/PUSCH 1 corresponding to DCI 1, as shown in Figure 1. With such limitation, once cross slot scheduling is used for eMBB, the latency of URLLC transmission will be significantly increased. Therefore, we propose that the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.


Figure 2 Rel-15 restricted scheduling/HARQ case 1
Proposal 1: PDSCH/PUSCH scheduled by the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.

· Case 2: PDSCH 1 is transmitted before PDSCH 2, UE does not expect PUCCH 2 corresponding to PDSCH 2 is before PUCCH 1 corresponding to PDSCH 1, as shown in Figure 2. In order to reduce the PUCCH overhead, HARQ-ACK multiplexing should be used as much as possible for eMBB, and larger K1 will be frequently used for eMBB. With such limitation, the latency of HARQ-ACK feedback for URLLC will be significantly increased. On the other hand, if massive PUCCH overhead can be expected, i.e. eMBB follows the same HARQ timing requirement as URLLC. Therefore, we propose that UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s). Furthermore, the later grant can cancel/stop the PUCCH corresponding to the previous DCI(s).


Figure 3 Rel-15 restricted scheduling/HARQ case 2
Proposal 2: UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s).
Proposal 3: PUCCH corresponding to the later grant can cancel/stop the PUCCH corresponding to the previous grant.

· Case 3: A UL grant is transmitted to schedule PUSCH in slot n, UE does not expect a DL grant whose corresponding HARQ-ACK is transmitted in slot n is after the UL grant. Similar as case 2, the latency of HARQ-ACK feedback for URLLC will be significantly increased for case 3. The following methods can be considered [1]:
· Method 1: Simultaneous transmissions of PUCCH and PUSCH
· Method 2: PUCCH scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI.
· Method 3: If UE can distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to URLLC should puncture the PUSCH. Separate eMBB and URLLC HARQ-ACK codebook mapping is supported.
· Method 4: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.


Figure 4 Rel-15 restricted scheduling/HARQ case 3
Proposal 4: PUCCH corresponding to the later grant can cancel/stop the PUSCH scheduled by previous DCI.
Proposal 5: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.

· Case 4: 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, as shown in Figure 4. We propose to release such limitation for URLLC, then the following enhancements can be supported:
· Dynamic PDCCH repetition. It is useful for improving the reliability of PDCCH transmission.
· Implicit preemption for HARQ-ACK transmission. One example is shown in Figure 5, UE receives a new DL grant with HARQ process X before the PUCCH 1 configured to transmit the HARQ-ACK bits for HARQ process X, Y and Z, then PUCCH 1 is canceled, and the HARQ-ACK bits are transmitted on PUCCH 2 indicated by the new DL grant.


Figure 5 Rel-15 restricted scheduling/HARQ case 4


Figure 6 Implicit preemption for HARQ-ACK transmission
Proposal 6: HARQ process can be rescheduled before the HARQ-ACK transmission corresponding to the previous PDSCH with same HARQ process ID.
Conclusions
In this contribution, we show our views on enhancements to scheduling/HARQ processing timeline with following proposals:
Observation1:
· For a single-shot transmission for worst case, DL transmission, Configured grant transmission and UL grant based transmission can be completed within 1ms.
· For two transmissions, Only Configured grant with low latency configuration can be completed within 1ms.
· For requirement on processing capability, 
· For DL transmission, processing capability needs to improve from 4.5-symbol to 0.5/2.5-symbol.
· For Configured grant transmission, processing capability needs to improve from 5.5-symbol to 4/5.5 symbol.
· For UL grant based transmission, required processing capability is 0, which is not feasible.
Proposal 1: PDSCH/PUSCH scheduled by the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.
Proposal 2: UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s).
Proposal 3: PUCCH corresponding to the later grant can cancel/stop the PUCCH corresponding to the previous grant.
Proposal 4: PUCCH corresponding to the later grant can cancel/stop the PUSCH scheduled by previous DCI.
Proposal 5: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 6: HARQ process can be rescheduled before the HARQ-ACK transmission corresponding to the previous PDSCH with same HARQ process ID.
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