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Introduction
In the RAN1 #95, the evaluation methodology for the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC is proposed [1]: 
Agreements:
· In order to evaluate the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC, the following aspects should be considered:
· Perform latency analysis to identify the set of scheduling configuration parameters for which the eURLLC latency requirement(s) can/cannot be satisfied under the NR Rel. 15 timing capabilities.
· To do this, the worst-case achievable latency should be considered.
· Perform system-level and/or link-level evaluations to investigate the gains brought by reducing N1/N2 and allowing for more (re-)transmissions within the eURLLC latency budget.
· For system-level evaluation, the performance metrics agreed for Rel. 16 eURLLC SI are applied.
· For link-level evaluation, at least the resource efficiency, i.e., the average number of REs used for completing the transmission of a TB, should be reported. The number of transmissions for successfully decoding a TB and the target BLER for each transmission should be reported.
· For both system-level and link-level evaluations, the simulation parameters agreed for Rel. 16 eURLLC SI are the baseline.
· For all aspects, the comparison reference point is Rel. 15 NR capability timing 2 for FR1 and Rel. 15 NR capability timing 1 for FR2.
· For all aspects, companies should report the assumed values for the following parameters:
· Alignment latency 
· The considered N1/N2 values
· SR periodicity in case the first PUSCH Tx is based on a dynamic grant
· SR reception to initial PUSCH grant processing time at the gNB
· PDCCH monitoring periodicity 
· The number of BDs/non-overlapping CCEs per monitoring occasion should be reported.
· For the purpose of this study, the possibility of enhancing the number of non-overlapping CCEs/BDs for NR eURLLC can be considered.
· Type-B time-domain allocation length for PDSCH/PUSCH channels 
· Time-domain allocation length for PDCCH, SR and PUCCH
· UE and gNB PDSCH/PUSCH decoding time
· The HARQ-ACK to reTx PDCCH  and PUSCH to reTx PDCCH processing time at the gNB 
· The maximum number of possible PUCCH transmissions carrying HARQ-ACK per slot
· Companies can report operation constraints (e.g., compact DCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.
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 RAN1 #95, 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
[image: ]
(b) Configured grant transmission
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(c) Grant based transmission
Figure1 Processing procedure model 
From processing procedure model shown in Figure1, Processing timeline mainly contains SR/CORESET/PUSCH/PDSCH/PUCCH transmission duration, PDCCH/PUSCH/PDSCH processing time and alignment time for transmission occasion.
· For alignment time before SR/PDCCH, it is due to SR and PDCCH transmission occasion is not arbitrary but periodical. 
· For alignment time before PUSCH/PDSCH, it is due to PUSCH/PDSCH does not cross slot. 
· For alignment time for PUCCH, slot-level multiplexing window is considered and alignment time from 0 to (14-PUCCH duration) are evaluated
· For processing time at gNB, The HARQ-ACK to reTx PDCCH  is assumed as N2 and PUSCH to reTx PDCCH processing time is assumed as  N1
For different scenario, SR/CORESET/PUSCH/PDSCH/PUCCH transmission duration and PDCCH/SR periodicity is different.  Two typical scenarios, UE in cell middle and cell edge are considered. For cell middle UE with middle/high SNR, short SR/CORESET/PUSCH/PDSCH duration and short PDCCH periodicity can be assumed. For cell edge UE with low SNR, longer SR/CORESET/PUSCH duration and longer PDCCH periodicity can be assumed. The detail values are listed in Table A-1. Corresponding processing timeline for cell edge UE and cell middle UE is shown in Table A-4 and A-5. The benefit from shorter processing time is that HARQ (re)transmission number increases and spectrum efficiency improves. System efficiency is mainly determined by average value not the worst value, so we focus on average transmission number shown in Table 1-2 and transmission number for the worst case is listed in Table A-2 and Table A-3. The following transmission schemes are evaluated: 
Scheme1: Rel15 capability 2
Scheme2: Flexible schedule only. Rel15 UE with capability 2 is baseline, and PDCCH monitoring capability and UCI multiplexing improve, for example, CORESET periodicity is 2 symbols and UCI multiplexing window is 2.
Scheme3: Higher capability is considered for UE and gNB. For example, N1=2.5 and N2=3.5 for both UE and gNB.
Scheme4: Higher capability is considered for UE only. For example, N1=2.5 and N2=3.5 for UE but N1=4.5 and N2=5.5 for gNB.
Table1 Transmission number within 1ms for Cell Middle (Average)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	2
	1

	Flexible schedule only
	2
	2
	1

	Higher capability for UE and gNB
	2
	2
	2 

	Higher capability for UE Only
	1
	2
	1



Table 2 Transmission number within 1ms for Cell edge (Average)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	2
	1

	Flexible schedule only
	1
	2
	1

	Higher capability for UE and gNB
	1
	2
	1

	Higher capability for UE Only
	1
	2
	1



From Table 1-2 on average transmission number, we could observe that:
· For DL transmission, either flexible schedule only or higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE.
· For Configured grant transmission,  All schemes have the same transmission number
· For UL grant based transmission, higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE. Note if higher capability is only supported by UE, then transmission number within 1ms is still 1.
· Longer processing time for UL grant based transmission is due to multiple procedures, so compressed UL procedure can also increase transmission number. However, for configured grant transmission, the resource is reserved and cannot be adaptive to traffic and channel condition, so another direction is to improve spectrum efficiency of configured grant transmission. For example, Configured grant plus SR is one solution to tradeoff between spectrum efficiency and processing timeline [2]. 
Observation1:
· For DL transmission, either flexible schedule only or higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE.
· For Configured grant transmission,  All schemes have the same transmission number
· For UL grant based transmission, higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE. Note if higher capability is supported only by UE, then transmission number within 1ms cannot increase.
· Compressed UL procedure, e.g. configured grant transmission, is one solution to reduce processing timeline and spectrum efficiency improvement of configured grant transmission can also be considered.
1.2 [bookmark: _GoBack]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:
· For DL transmission, either flexible schedule only or higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE.
· For Configured grant transmission,  All schemes have the same transmission number
· For UL grant based transmission, higher capability for UE and gNB can increase transmission number within 1ms for cell middle UE. Note if higher capability is supported only by UE, then transmission number within 1ms cannot increase.
· Compressed UL procedure, e.g. configured grant transmission, is one solution to reduce processing timeline and spectrum efficiency improvement of configured grant transmission can also be considered.
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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Appendix
1.3 Parameters for processing timeline
To evaluate processing timeline, some parameters are assumed as listed in Table A-1. Generally, bandwidth 40MHz, subcarrier spacing 30 kHz and capability 2 (N1=4.5 and N2 =5.5) are assumed. 
· For PUSCH/PDSCH duration, lowest MCS level is considered for cell edge UE, at least 4 symbols are necessary to transmit 32 bytes. Middle MCS level is considered for cell middle UE, 2 symbols are usually enough. 
· For PDCCH periodicity, Aggregation level 16 and 8/4 is needed for cell edge UE and cell middle UE separately, however, the number of blind channel estimation per slot is limited to 56 and both UL and DL schedule should be considered. So CORESET periodicity is assumed as 7 and 4 symbols for cell edge UE and cell middle UE.  However, for flexible schedule case, CORESET periodicity is 2 symbols.
· For CORESET duration, Aggregation level 16 and 8/4 is needed for cell edge UE and cell middle UE separately and both UL and DL schedule are considered, CORESET duration can be assumed as 2 and 1 symbol(s). 
· For PUCCH duration, 2 and 1 symbols are assumed for cell edge UE and cell middle UE.
· For UCI multiplexing window, slot-level multiplexing window is considered and alignment time from 0 to (14-PUCCH duration) are evaluated. For flexible schedule case, 2-symbol multiplexing window is assumed.
Table A-1 Parameters for processing timeline evaluation
	(Symbol)
	PUSCH duration
	PDCCH periodicity
	CORESET duration
	SR periodicity
	PUCCH duration
	UCI multiplexing window

	Cell edge
	4
	
	
	2
	2
	14

	Cell middle
	2
	4
	1
	2
	1
	2


1.4 Transmission number for worst case
Table A-2 Transmission number within 1ms for Cell Middle (Worst)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	2
	1

	Flexible schedule only
	2
	2
	1

	Higher capability for UE and gNB
	1
	2
	1

	Higher capability for UE Only
	1
	2
	1



Table A-3 Transmission number within 1ms for Cell edge (Worst)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	1
	0

	Flexible schedule only
	1
	1
	0

	Higher capability for UE and gNB
	1
	2
	1

	Higher capability for UE Only
	1
	1
	0



1.5 Processing timeline
Table A-4 Processing time for cell middle UE (Average)
	(Unit: Symbol)
	1Tx
	RTT
	2 Tx

	
	
	
	

	DL transmission
	Rel15 capability 2
	12.64286
	18.375
	31.01786

	
	Flexible schedule only
	11.5
	14
	25.5

	
	Higher capability for UE and gNB
	9.785714
	16.01639
	25.80211

	
	Higher capability for UE Only
	10.64286
	18.32258
	28.96544

	Configured grant
	Rel15 capability 2
	10.5
	14.14286
	24.64286

	
	Flexible schedule only
	10.5
	13.14286
	23.64286

	
	Higher capability for UE and gNB
	7.5
	11.07143
	18.57143

	
	Higher capability for UE Only
	9.5
	12
	21.5

	Grant based
	Rel15 capability 2
	21.71429
	13.78571
	35.5

	
	Flexible schedule only
	20.64286
	12.14286
	32.78571

	
	Higher capability for UE and gNB
	15.78571
	10.71429
	26.5

	
	Higher capability for UE Only
	19.71429
	10.64286
	30.35714



Table A-3 Processing time for cell middle UE (Worst)
	(Unit: Symbol)
	1Tx
	RTT
	2 Tx

	
	
	
	

	DL transmission
	Rel15 capability 2
	15
	26
	41

	
	Flexible schedule only
	12
	14
	26

	
	Higher capability for UE and gNB
	12
	23
	35

	
	Higher capability for UE Only
	13
	27
	40

	Configured grant
	Rel15 capability 2
	11
	16
	27

	
	Flexible schedule only
	11
	14
	25

	
	Higher capability for UE and gNB
	8
	12
	20

	
	Higher capability for UE Only
	10
	13
	23

	Grant based
	Rel15 capability 2
	24
	14
	38

	
	Flexible schedule only
	22
	13
	35

	
	Higher capability for UE and gNB
	18
	11
	29

	
	Higher capability for UE Only
	21
	13
	34



Table A-4 Processing time for cell edge UE (Average)
	(Unit: Symbol)
	1Tx
	RTT
	2 Tx
	2Tx with short PUSCH/PDSCH duration*

	DL transmission
	Rel15 capability 2
	17
	22.81818
	39.81818
	--

	
	Flexible schedule only
	14.5
	18.14286
	32.64286
	--

	
	Higher capability for UE and gNB
	14
	21.86667
	35.86667
	--

	
	Higher capability for UE Only
	15
	22.8
	37.8
	--

	Configured grant
	Rel15 capability 2
	12.78571
	18.71429
	31.5
	27.5

	
	Flexible schedule only
	12.78571
	16.85714
	29.64286
	25.64286

	
	Higher capability for UE and gNB
	9.785714
	15.28571
	25.07143
	25.07143

	
	Higher capability for UE Only
	11.78571
	17.14286
	28.92857
	24.92857

	Grant based
	Rel15 capability 2
	27.5
	19
	46.5
	--

	
	Flexible schedule only
	26.35714
	16.85714
	43.21429
	--

	
	Higher capability for UE and gNB
	22.07143
	13
	35.07143
	--

	
	Higher capability for UE Only
	26.07143
	18.85714
	44.92857
	--


Note: 2Tx with short PUSCH/PDSCH duration means that PUSCH/PDSCH duration can be shorted by half if transmission number increases from 1 to 2.
Table A-5 Processing time for cell edge UE (Worst)
	(Unit: Symbol)
	1Tx
	RTT
	2 Tx
	2Tx with short PUSCH/PDSCH duration

	DL transmission
	Rel15 capability 2
	20
	26
	46
	--

	
	Flexible schedule only
	15
	20
	35
	--

	
	Higher capability for UE and gNB
	17
	27
	44
	--

	
	Higher capability for UE Only
	18
	27
	45
	--

	Configured grant
	Rel15 capability 2
	15
	21
	36
	--

	
	Flexible schedule only
	15
	20
	35
	--

	
	Higher capability for UE and gNB
	12
	17
	29
	25

	
	Higher capability for UE Only
	14
	20
	34
	--

	Grant based
	Rel15 capability 2
	31
	19
	50
	--

	
	Flexible schedule only
	30
	20
	50
	--

	
	Higher capability for UE and gNB
	26
	13
	39
	--

	
	Higher capability for UE Only
	30
	20
	50
	--


Note: 2Tx with short PUSCH/PDSCH duration means that PUSCH/PDSCH duration can be shorted by half if transmission number increases from 1 to 2.
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