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[bookmark: _Ref521334010]Introduction
One of the objectives of the Rel-16 URLLC SI SID is to investigate potential enhancements to scheduling/HARQ/CSI processing timelines for both UE and gNB and for existing TTI durations. This contribution addresses these areas taking into account the prioritized use cases agreed in [1] and the following agreements made in RAN1#95:
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.

Discussion
Out-of-order scheduling
In Rel-15 out-of-order scheduling, where a later DCI schedules a PDSCH/PUSCH which starts earlier than the end of another PDSCH/PUSCH scheduled by an earlier DCI, is not supported for both DL and UL as shown in Figure 1. 


Figure 1: out-of-order scheduling is not supported in Rel-15
For a UE supporting mixed mode (URLLC and non-URLLC) traffic, newly arriving URLLC traffic cannot be scheduled until the end of an already scheduled PDSCH/PUSCH based on the Rel-15 scheduling restrictions leading to increased latency. In order to schedule URLLC traffic as soon as possible, it is desirable to support out-of-order scheduling at least for bursty URLLC traffic. The PDSCH/PUSCH conveying URLLC traffic may or may not overlap in time with the PDSCH/PUSCH conveying non-URLLC traffic. This is one of the intra-UE multiplexing scenarios provided by RAN2 for study [2] and more discussion can be found in a companion contribution in [3]. 
Proposal 1: Out-of-order scheduling, i.e. a later DCI schedules a PDSCH/PUSCH which starts earlier than the end of another PDSCH/PUSCH scheduled by an earlier DCI, is supported for a UE supporting mixed (URLLC and non-URLLC) traffic. 
For out-of-order scheduling, it is assumed that the PDSCH/PUSCH scheduled by the later DCI is for URLLC traffic, so it is clear that UE should prioritize the PDSCH/PUSCH scheduled by the later DCI. To be more specific, a UE should decode the PDSCH scheduled by the later DCI according to the scheduling information and transmit the corresponding HARQ-ACK. Similarly, the UE should transmit PUSCH scheduled by the later DCI according to the scheduling information.
The UE behavior for the PDSCH/PUSCH scheduled by the earlier DCI needs to be discussed. One possible solution is that UE stops/skips the processing of the PDSCH/PUSCH scheduled by the earlier DCI, i.e. the later DCI cancels the previous scheduling. This solution will not increase the requirement of UE processing capability but may have the following disadvantages:
· waste of UE power if UE has already started the processing of PDSCH/PUSCH scheduled by the earlier DCI
· potential waste of physical resources scheduled by earlier DCI if the available REs are not re-scheduled to other UEs considering e.g. the probability of miss detection of the later DCI
· increased PDCCH overhead since gNB needs to send another DCI to re-schedule the canceled TB
On the other hand, UE processing time for PDSCH/PUSCH scheduled by the earlier DCI may be reduced due to interruption by another PDSCH/PUSCH as shown in Figure 2. Depending on the scheduling grant, UE may or may not have sufficient time for PDSCH/PUSCH processing.


Figure 2: impact to UE processing time due to out-of-order scheduling
In order to overcome the disadvantages of stopping/skipping the processing of PDSCH/PUSCH scheduled by the earlier DCI without increasing the requirement of UE processing capability, it is proposed that UE decodes the PDSCH scheduled by earlier DCI and feeds back the corresponding HARQ-ACK if the time interval between the starting symbol of HARQ-ACK transmission corresponding to the two PDSCHs is not shorter than the processing time for the first PDSCH. Similarly for the UL, a UE may transmit PUSCH scheduled by the earlier DCI if the time interval between the start of two PUSCHs is not shorter than the preparation time for the first PUSCH. 
In addition, if UE stops/skips decoding of the PDSCH scheduled by earlier DCI, further discussion is needed on whether UE transmits the corresponding HARQ-ACK. 
Proposal 2: For out-of-order PDSCH scheduling, if the time interval between the start of HARQ-ACK for a second scheduled PDSCH and the HARQ-ACK corresponding to a first scheduled PDSCH is not shorter than the PDSCH processing time of the first PDSCH, the UE decodes the first PDSCH and feeds back the corresponding HARQ-ACK; otherwise, UE stops/skips decoding of the first PDSCH and it is FFS whether the UE still transmits the corresponding HARQ-ACK.
Proposal 3: For out-of-order PUSCH scheduling, if the time interval between the end of the later scheduled PUSCH and the start of the earlier scheduled PUSCH is not shorter than the preparation time of the earlier scheduled PUSCH, the UE transmits the earlier scheduled PUSCH; otherwise, the UE stops/skips transmission of the earlier scheduled PUSCH. 

UE processing time enhancement
In this section, we analyse DL and UL user plane latency which is counted from the time when a packet arrives till it is successfully delivered to the receiver. We follow the framework of IMT-2020 self-evaluation [4] with assumptions listed below. We compare latency based on the Rel-15 processing capability 2 and potentially more aggressive processing capabilities with N1 and N2 values shown in Table 1 where the values of capability 3 and capability 4 are about 2/3 and 1/2 of capability 2 respectively. Note that additional times d1,1 and d2,1 as defined in 5.3 and 6.4 in 38.214 remain unchanged.
Table 1: Assumptions on UE processing capabilities
	
	Capability 2
	Capability 3
	Capability 4

	

	N1
	N2
	N1
	N2
	N1
	N2

	0
	3
	5
	2
	3.5
	1.5
	2.5

	1
	4.5
	5.5
	3
	4
	2.5
	3

	2
	9 (FR1)
	11 (FR1)
	6 (FR1)
	7.5 (FR1)
	4.5 (FR1)
	5.5 (FR1)



DL latency analysis
In general, the DL latency includes the following components as shown in Figure 3.


[bookmark: _Ref534633309]Figure 3: DL latency components
(1) BS TX processing: this accounts for both MAC and PHY preparation of a TB for DL transmission. We assume N2/2 as in IMT-2020 self-evaluation.
(2) DL alignment 1: this is the time from when a TB is ready for transmission to the next scheduling opportunity. The packet can arrive at any time of an OFDM symbol, considering the worst case, we assume the TB is ready for transmission immediately after the start of a PDCCH so that DL alignment time is approximately the maximum PDCCH monitoring periodicity for FDD and additional delay is required to wait for the DL symbols for TDD.
(3) DL transmission: this is the time for both PDCCH and PDSCH transmission. We assume 1-symbol PDCCH.
(4) UE RX processing and symbol alignment: We assume  symbols for UE RX processing and symbol alignment. There is no additional delay for HARQ-ACK feedback which means we assume there is always available PUCCH resource for HARQ-ACK. For PDSCH processing only, the required time is assumed as N1/2 as in IMT-2020 self-evaluation.
(5) Feedback: this is the TTI for PUCCH. We assume 1-symbol PUCCH.
(6) BS ReTx processing: this accounts for decoding of HARQ-ACK and both MAC and PHY preparation of a TB for DL retransmission which is N2.
(7) DL alignment 2: this is the time from when a TB is ready for retransmission to the next scheduling opportunity. It could be different from component (2). The time interval between the start of a DL retransmission and the start of DL transmission of the previous transmission of the same TB should be the sum of consecutive PDCCH monitoring periodicities.

For FDD, we assume PDSCH TTI of 2, 4, 7 and 14 symbols with PDSCH mapping type B. For PDSCH TTI of 14, 7, 4 symbols, there are 1, 2, 3 PDCCH monitoring occasions per slot respectively as shown in Figure 4(a), (b) and (c). For 2-symbol PDSCH, 3 and 7 PDCCH monitoring occasions per slot are considered as shown in Figure 4(d) and (e). The reason to assume 3 PDCCH monitoring occasions per slot is that there are maximum 3 PDCCH monitoring occasions per slot assuming each one has a candidate of AL=16 considering the Rel-15 limit of 56 CCEs per slot. In addition, PDCCH monitoring periodicity of 2 symbol may not be realistic since the PDSCH will overlap with CORESET in time and may overlap in frequency as well especially considering that both 1-symbol PDCCH and 2-symbol PDSCH will occupy a large number PRBs.


[bookmark: _Ref534910180]Figure 4: DL scheduling formats (FDD)
According to the above assumptions, the DL latency analysis for FDD is shown in Table 2.
[bookmark: _Ref534637169]Table 2: DL latency analysis (FDD)
	SCS
(kHz)
	PDSCH duration (OS)
	PDCCH monitoring occasions per slot
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	+3 HARQ ReTx
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	+3 HARQ ReTx

	15
	14
	1
	2.29
	4.29
	6.29
	2.2
	4.2
	6.2
	8.2
	2.14
	4.14
	6.14
	8.14

	
	7
	2
	1.29
	2.79
	4.29
	1.2
	2.2
	3.2
	4.2
	1.14
	2.14
	3.14
	4.14

	
	4
	3
	1
	2
	2.86
	0.91
	1.91
	2.91
	3.91
	0.86
	1.86
	2.86
	3.86

	
	2
	3
	0.86
	1.86
	2.86
	0.77
	1.41
	2.13
	2.77
	0.71
	1.36
	2.07
	2.71

	
	
	7
	0.61
	1.46
	2.32
	0.52
	1.23
	1.95
	2.66
	0.46
	1.18
	1.89
	2.61

	30
	14
	1
	1.18
	2.18
	3.18
	1.13
	2.13
	3.13
	4.13
	1.1
	2.1
	3.1
	4.1

	
	7
	2
	0.68
	1.43
	2.18
	0.63
	1.38
	2.13
	2.88
	0.6
	1.1
	1.6
	2.1

	
	4
	3
	0.54
	1.21
	1.87
	0.48
	0.96
	1.48
	1.98
	0.46
	0.92
	1.46
	1.96

	
	2
	3
	0.46
	0.96
	1.46
	0.41
	0.91
	1.41
	1.91
	0.38
	0.88
	1.38
	1.88

	
	
	7
	0.34
	0.91
	1.48
	0.29
	0.71
	1.14
	1.57
	0.26
	0.62
	0.97
	1.33

	60
	14
	1
	0.68
	1.43
	2.18
	0.62
	1.37
	2.12
	2.87
	0.59
	1.09
	1.59
	2.09

	
	7
	2
	0.43
	0.93
	1.43
	0.37
	0.87
	1.37
	1.87
	0.34
	0.71
	1.09
	1.46

	
	4
	3
	0.36
	0.86
	1.36
	0.3
	0.71
	1.12
	1.46
	0.27
	0.59
	0.93
	1.27

	
	2
	3
	0.32
	0.82
	1.32
	0.26
	0.58
	0.92
	1.26
	0.23
	0.48
	0.73
	0.98

	
	
	7
	0.26
	0.69
	1.12
	0.2
	0.52
	0.84
	1.17
	0.17
	0.46
	0.74
	1.03




For TDD, it is more challenging to meet the latency requirement, so we only consider PDSCH TTI of 2 and 4 symbols with scheduling formats shown in Figure 5 and Figure 6 for subcarrier spacing of 30kHz and 60kHz respectively.


[bookmark: _Ref534983281]Figure 5: DL scheduling formats (TDD, 30kHz SCS)


[bookmark: _Ref534983287]Figure 6: DL scheduling formats (TDD, 60kHz SCS)
According to the above assumptions, the DL latency analysis for TDD is shown in Table 3.
[bookmark: _Ref534970989][bookmark: _Ref534815244]Table 3: DL latency analysis (TDD)
	SCS
(kHz)
	PDCCH monitoring occasions per slot
	PDSCH TTI (OS)
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)

	30
	3
	4
	1.05
	2.05
	1
	2
	0.97
	1.97

	
	
	2
	1
	2
	0.95
	1.95
	0.92
	1.92

	
	6
	2
	0.91
	1.91
	0.86
	1.86
	0.83
	1.83

	60
	3
	4
	0.94
	1.94
	0.88
	1.88
	0.85
	1.85

	
	
	2
	0.88
	1.88
	0.82
	1.82
	0.79
	1.79

	
	7
	2
	0.83
	1.83
	0.77
	1.77
	0.74
	1.74




UL latency analysis
UL latency for configured grant includes the following components as shown in Figure 7.


[bookmark: _Ref534641992]Figure 7: UL configured grant latency components
(1) UE TX processing: this accounts for both MAC and PHY preparation of a TB for UL transmission. We assume N2/2 as in IMT-2020 self-evaluation.
(2) UL alignment: this is the time from when a TB is ready for transmission to the next transmission opportunity. The packet can arrive at any time of an OFDM symbol, we assume the TB is ready for transmission immediately after the start of a transmission opportunity so that UL alignment time is approximately the periodicity of UL configured grant for FDD and additional delay is required to wait for the UL symbols for TDD.
(3) UL transmission: this is the TTI of PUSCH. 
(4) BS RX processing: We assume it is the same as UE PDSCH processing time N1. For PDSCH decoding, we assume N1/2 as in IMT-2020 self-evaluation.
(5) DL alignment: this is the delay for next scheduling opportunity. We assume PDCCH monitoring periodicities are the same as periodicities of UL configured grant.
(6) PDCCH: We assume 1-symbol PDCCH.
(7) UE TX processing for a retransmission: this is the UE PUSCH preparation time N2 and we assume the TTI of PUSCH scheduled for retransmission is the same as the TTI of PUSCH configured grant.

For FDD UL configured grant, we assume PUSCH TTI of 2, 4, 7 and 14 symbols with configured grant (CG) periodicities of 2, 7, 7, 14 symbols respectively. In addition, we assume PDCCH monitoring occasion the same as CG periodicity as shown below.


[bookmark: _Ref534902631]Figure 8: scheduling formats for configured grant (FDD)

Based on the above assumptions, the UL configured grant latency for FDD is calculated as in Table 4.
[bookmark: _Ref534723280]Table 4: UL configured grant latency analysis (FDD)
	SCS
(kHz)
	PUSCH duration (OS)
	CG/PDCCH monitoring periodicity (OS)
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)

	15
	14
	14
	2.29
	4.71
	6.71
	2.2
	4.55
	6.55
	2.14
	4.43
	6.43

	
	7
	7
	1.29
	2.71
	4.21
	1.2
	2.55
	3.55
	1.14
	2.43
	3.43

	
	4
	
	1.07
	2
	3
	0.98
	1.84
	2.84
	0.93
	1.71
	2.71

	
	2
	2
	0.57
	1.43
	2.29
	0.48
	1.13
	1.84
	0.43
	1
	1.57

	30
	14
	14
	1.18
	2.43
	3.43
	1.13
	2.3
	3.3
	1.1
	2.24
	3.24

	
	7
	7
	0.68
	1.43
	2.18
	0.63
	1.3
	2.05
	0.6
	1.24
	1.74

	
	4
	
	0.57
	1.32
	2.07
	0.52
	0.95
	1.45
	0.49
	0.88
	1.38

	
	2
	2
	0.32
	0.86
	1.36
	0.27
	0.66
	1.02
	0.24
	0.6
	0.96

	60
	14
	14
	0.68
	1.39
	2.14
	0.62
	1.28
	2.03
	0.59
	1.21
	1.71

	
	7
	7
	0.43
	1.02
	1.52
	0.37
	0.78
	1.28
	0.34
	0.71
	1.09

	
	4
	
	0.38
	0.84
	1.34
	0.32
	0.73
	1.1
	0.29
	0.66
	1.04

	
	2
	2
	0.25
	0.68
	1.11
	0.19
	0.5
	0.82
	0.16
	0.43
	0.68



For TDD UL configured grant, we assume PUSCH of 7, 4, 2 symbols with CG periodicities of 7, 7, 2 symbols respectively as shown below.


Figure 9: scheduling formats for configured grant (TDD, 30kHz)



Figure 10: scheduling formats for configured grant (TDD, 60kHz)

Table 5: UL configured grant latency analysis (TDD)
	SCS
(kHz)
	PUSCH duration (OS)
	CG periodicity (OS)
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)

	30
	7
	7
	1.18
	2.18
	1.13
	2.13
	1.1
	2.1

	
	4
	
	1.07
	2.07
	1.02
	2.02
	0.99
	1.99

	
	2
	2
	0.82
	1.82
	0.77
	1.77
	0.74
	1.74

	60
	7
	7
	0.84
	1.84
	0.81
	1.81
	0.8
	1.8

	
	4
	
	0.79
	1.79
	0.76
	1.76
	0.75
	1.75

	
	2
	2
	0.66
	1.66
	0.63
	1.63
	0.62
	1.62




For FDD UL SR-based transmission, UL latency includes the following components as shown in Figure 11.


[bookmark: _Ref534729151]Figure 11: UL SR-based UL transmission latency components
(1) SR transmission: this is the time from the packet arrival to the time SR is transmitted. We assume SR periodicity of 2 symbols and 1-symbol SR and SR preparation time of N1/2.
(2) SR processing: accounts for SR processing and preparation for UL scheduling. We assume it is the same as UE PDSCH processing time N1.
(3) DL alignment: this is the delay for next scheduling opportunity. We assume SR processing finishes immediately after the start of a PDCCH so DL alignment is approximately equal to the PDCCH monitoring periodicity.
(4) UL scheduled transmission: this is the sum of 1-symbol PDCCH, UE PUSCH preparation time N2 and TTI of PUSCH. We assume PUSCH TTI of 2, 4, 7, 14 symbols.
(5) BS RX processing: We assume it is the same as UE PDSCH processing time N1. For decoding only, we assume N1/2 as in IMT-2020 self-evaluation.
(6) DL alignment: this is the delay for next scheduling opportunity and could be different from (3). 

Based on the above assumptions, the UL SR-based transmission latency for FDD can be calculated as in Table 6.

[bookmark: _Ref534729583]Table 6: UL SR-based scheduling latency analysis (FDD)
	SCS
(kHz)
	PUSCH duration (OS)
	PDCCH monitoring occasions per slot
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)

	15
	14
	1
	2.79
	4.79
	6.79
	2.64
	3.64
	4.64
	2.54
	3.54
	4.54

	
	7
	2
	1.79
	3.29
	4.79
	1.64
	2.64
	3.64
	1.54
	2.54
	3.54

	
	4
	3
	1.43
	2.5
	3.57
	1.29
	2.36
	3.43
	1.18
	1.89
	2.61

	
	2
	3
	1.29
	2.36
	3.43
	1.14
	1.86
	2.57
	1.04
	1.75
	2.46

	
	
	7
	1.07
	1.93
	2.79
	0.93
	1.64
	2.36
	0.82
	1.39
	1.96

	30
	14
	1
	1.48
	2.48
	3.48
	1.36
	2.36
	3.36
	1.3
	1.8
	2.3

	
	7
	2
	0.98
	1.73
	2.48
	0.86
	1.61
	2.36
	0.8
	1.3
	1.8

	
	4
	3
	0.8
	1.34
	1.88
	0.68
	1.21
	1.75
	0.63
	1.16
	1.7

	
	2
	3
	0.73
	1.27
	1.8
	0.61
	0.96
	1.32
	0.55
	0.91
	1.27

	
	
	7
	0.63
	1.13
	1.63
	0.5
	0.86
	1.21
	0.45
	0.8
	1.16

	60
	14
	1
	0.91
	1.41
	1.91
	0.8
	1.3
	1.8
	0.74
	1.24
	1.74

	
	7
	2
	0.66
	1.16
	1.66
	0.55
	1.05
	1.55
	0.49
	0.87
	1.24

	
	4
	3
	0.57
	1.02
	1.46
	0.46
	0.82
	1.18
	0.4
	0.67
	0.94

	
	2
	3
	0.54
	0.98
	1.43
	0.43
	0.79
	1.14
	0.37
	0.63
	0.9

	
	
	7
	0.48
	0.91
	1.34
	0.38
	0.7
	1.02
	0.31
	0.56
	0.81



Based on above assumptions and latency analysis, we have the following observations.
Observation 1: For FDD, 
· For 15kHz subcarrier spacing, 
· For DL
· reduced processing time and/or PDCCH monitoring periodicity of 2-symbol does not increase the number of HARQ transmission(s) within a 1ms end-to-end latency budget
· For SR-based UL,
· reduced processing time alone or PDCCH monitoring periodicity of 2-symbol alone does not help to meet 1ms latency budget
· reduced processing time together with PDCCH monitoring periodicity of 2-symbol can potentially help to meet 1ms latency
· For UL configured grant, 
· reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· For 30kHz subcarrier spacing,
· For DL
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 4-symbol PDSCH
· PDCCH monitoring periodicity of 2-symbol alone does not increase the number of HARQ transmission(s) within 1ms
· Reduced processing time and PDCCH monitoring periodicity of 2-symbol can only potentially provide more HARQ transmission(s) within 1ms for 2-symbol PDSCH
· For SR-based UL,
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 2-symbol PUSCH
· PDCCH monitoring periodicity of 2-symbol does not provide additional increase of the number of HARQ transmission(s) within 1ms
· For 60kHz subcarrier spacing,
· For DL,
· Reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· PDCCH monitoring periodicity of 2-symbol can potentially increase the latency due to  additional processing time of 1 symbol
· For SR-based UL
· Reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· PDCCH monitoring periodicity of 2-symbol does not provide additional increase of the number of HARQ transmission(s) within 1ms
· For UL configured grant
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 7-symbol PUSCH
· PDCCH monitoring periodicity of 2-symbol cannot increase the number of HARQ transmission(s) within 1ms without more aggressive processing time

Observation 2: For TDD with 1ms UL-DL switching periodicity
· No HARQ retransmission is supported within 1ms latency for both DL and UL
· For DL and UL configured grant, reduced processing time can potentially help to meet 1ms latency for 30kHz subcarrier spacing and 4-symbol PDSCH/PUSCH

Conclusion
This contribution discussed possible PHY enhancements to adequately support Rel-16 URLLC use cases. A few proposals and observations are as follows:
Proposal 1: Out-of-order scheduling, i.e. a later DCI schedules a PDSCH/PUSCH which starts earlier than the end of another PDSCH/PUSCH scheduled by an earlier DCI, is supported for a UE supporting mixed (URLLC and non-URLLC) traffic. 
Proposal 2: For out-of-order PDSCH scheduling, if the time interval between the start of HARQ-ACK for a second scheduled PDSCH and the HARQ-ACK corresponding to a first scheduled PDSCH is not shorter than the PDSCH processing time of the first PDSCH, the UE decodes the first PDSCH and feeds back the corresponding HARQ-ACK; otherwise, UE stops/skips decoding of the first PDSCH and it is FFS whether the UE still transmits the corresponding HARQ-ACK.
Proposal 3: For out-of-order PUSCH scheduling, if the time interval between the end of the later scheduled PUSCH and the start of the earlier scheduled PUSCH is not shorter than the preparation time of the earlier scheduled PUSCH, the UE transmits the earlier scheduled PUSCH; otherwise, the UE stops/skips transmission of the earlier scheduled PUSCH. 

Observation 1: For FDD, 
· For 15kHz subcarrier spacing, 
· For DL
· reduced processing time and/or PDCCH monitoring periodicity of 2-symbol does not increase the number of HARQ transmission(s) within a 1ms end-to-end latency budget
· For SR-based UL,
· reduced processing time alone or PDCCH monitoring periodicity of 2-symbol alone does not help to meet 1ms latency budget
· reduced processing time together with PDCCH monitoring periodicity of 2-symbol can potentially help to meet 1ms latency
· For UL configured grant, 
· reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· For 30kHz subcarrier spacing,
· For DL
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 4-symbol PDSCH
· PDCCH monitoring periodicity of 2-symbol alone does not increase the number of HARQ transmission(s) within 1ms
· Reduced processing time and PDCCH monitoring periodicity of 2-symbol can only potentially provide more HARQ transmission(s) within 1ms for 2-symbol PDSCH
· For SR-based UL,
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 2-symbol PUSCH
· PDCCH monitoring periodicity of 2-symbol does not provide additional increase of the number of HARQ transmission(s) within 1ms
· For 60kHz subcarrier spacing,
· For DL,
· Reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· PDCCH monitoring periodicity of 2-symbol can potentially increase the latency due to  additional processing time of 1 symbol
· For SR-based UL
· Reduced processing time alone can potentially provide more HARQ transmission(s) within 1ms
· PDCCH monitoring periodicity of 2-symbol does not provide additional increase of the number of HARQ transmission(s) within 1ms
· For UL configured grant
· Reduced processing time alone can only potentially provide more HARQ transmission(s) within 1ms for 7-symbol PUSCH
· PDCCH monitoring periodicity of 2-symbol cannot increase the number of HARQ transmission(s) within 1ms without more aggressive processing time

Observation 2: For TDD with 1ms UL-DL switching periodicity
· No HARQ retransmission is supported within 1ms latency for both DL and UL
· For DL and UL configured grant, reduced processing time can potentially help to meet 1ms latency for 30kHz subcarrier spacing and 4-symbol PDSCH/PUSCH
[bookmark: _GoBack]
References
[1]. [bookmark: _Ref524972531][bookmark: _Ref528593066][bookmark: _Ref509915661][bookmark: _Ref506196618][bookmark: _Ref503528421][bookmark: _Ref503294753][bookmark: _Ref492653725][bookmark: _Ref498702536][bookmark: _Ref520883466][bookmark: _Ref521247360]Chairman’s Meeting Notes, RAN1 #94bis
[2]. [bookmark: _Ref534891961][bookmark: _Ref528620055][bookmark: _Ref534618400]R1-1814342, LS on Intra-UE Prioritization/Multiplexing, RAN2, RAN1#95
[3]. [bookmark: _Ref534893004]R1-1900337, Discussion on intra-UE multiplexing scenarios, CATT, RAN1 Ad-Hoc 1901
[4]. 3GPP TR 37.910, Study on Self Evaluation towards IMT-2020 Submission, V1.0.0 (2018-09)
oleObject1.bin
DCI


PUSCH 


PUSCH


DCI


PDSCH (HARQ ID=1)


PDSCH (HARQ ID=0)


DCI


DCI


(a) DL


(b) UL



image2.emf
DCI

PUS

CH 

PUSCH DCI

PUSCH 

preparation

PDSCH2

PDSCH1

DCI2

DCI1

PDSCH2 processing

(a) DL (b) UL

HARQ-

ACK

PDSCH1 processing

HARQ-

ACK

conflict

PUSCH preparation

conflict


oleObject2.bin
PUSCH preparation


DCI


PUSCH 


PUSCH


DCI


PUSCH preparation


conflict


HARQ-ACK


HARQ-ACK


PDSCH2


PDSCH1


DCI2


DCI1


PDSCH1 processing


PDSCH2 processing


(a) DL


(b) UL


conflict



image3.wmf
m


oleObject3.bin

image4.emf
(1) TX 

processing

Packet 

arrival

(2) DL alignment 1

(4)

RX processing 

+ UL alignment

(4)

(6) ReTx processing

(7) DL 

alignment 2

BS

UE

PDCCH periodicity

PDCCH PDSCH PUCCH

Sum of n

 consecutive PDCCH periodicities

Initial transmission

Initial transmission + 1 retransmission

(3) DL transmission

(5) feedback

(3) DL transmission


oleObject4.bin
(1) TX processing


Packet arrival


(2) DL alignment 1


(4)


RX processing + UL alignment


(4)


(6) ReTx processing


(7) DL alignment 2


BS


UE


PDCCH periodicity


PDCCH


PDSCH


PUCCH


Sum of n consecutive PDCCH periodicities


Initial transmission


Initial transmission + 1 retransmission


(3) DL transmission


(5) feedback


(3) DL transmission



image5.emf
Slot n Slot n+1

(a) 14-OS PDSCH with 1 PDCCH monitoring occasion per slot

Slot n Slot n+1

(b) 7-OS PDSCH with 2 PDCCH monitoring occasions per slot

Slot n Slot n+1

(c) 4-OS PDSCH with 3 PDCCH monitoring occasions per slot

Slot n Slot n+1

(d) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot

Slot n Slot n+1

(e) 2-OS PDSCH with 7 PDCCH monitoring occasions per slot


oleObject5.bin
Slot n


Slot n+1


(a) 14-OS PDSCH with 1 PDCCH monitoring occasion per slot


Slot n


Slot n+1


(b) 7-OS PDSCH with 2 PDCCH monitoring occasions per slot


Slot n


Slot n+1


(c) 4-OS PDSCH with 3 PDCCH monitoring occasions per slot


Slot n


Slot n+1


(d) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot


Slot n


Slot n+1


(e) 2-OS PDSCH with 7 PDCCH monitoring occasions per slot



image6.emf
Slot n Slot n+1

Slot n Slot n+1

(b) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot

(c) 2-OS PDSCH with 6 PDCCH monitoring occasions per slot

Slot n Slot n+1

(a) 4-OS PDSCH with 3 PDCCH monitoring occasions per slot

1ms

DL

UL

CORESET

PDSCH


oleObject6.bin
Slot n


Slot n+1


Slot n


Slot n+1


1ms


(b) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot


DL


UL


CORESET


PDSCH


(c) 2-OS PDSCH with 6 PDCCH monitoring occasions per slot


Slot n


Slot n+1


(a) 4-OS PDSCH with 3 PDCCH monitoring occasions per slot



image7.emf
DL

UL

CORESET

PDSCH

Slot n Slot n+1

Slot n Slot n+1

Slot n+2 Slot n+3

Slot n+2 Slot n+3

(b) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot

(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot

Slot n Slot n+1 Slot n+2 Slot n+3

(a) 4-OS PDSCH with up to 3 PDCCH monitoring occasions per slot

1ms


oleObject7.bin
Slot n


Slot n+1


Slot n


Slot n+1


Slot n+2


Slot n+3


Slot n+2


Slot n+3


(b) 2-OS PDSCH with 3 PDCCH monitoring occasions per slot


DL


UL


CORESET


PDSCH


(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot


Slot n


Slot n+1


Slot n+2


Slot n+3


(a) 4-OS PDSCH with up to 3 PDCCH monitoring occasions per slot


1ms



image8.emf
P

a

c

k

e

t

 

a

r

r

i

v

a

l

(4) Rx processing BS

UE

PUSCH

Initial transmission

Initial transmission + 1 retransmission

(1) TX 

processing

(2) UL alignment

(5) DL 

alignment

(1) TX processing

PUSCH

(4) Rx processing

(3) UL 

transmi

ssion

(6) PDCCH

(3) UL 

transmi

ssion


oleObject8.bin
Packet arrival


(4) Rx processing


BS


UE


PUSCH


Initial transmission


Initial transmission + 1 retransmission


(1) TX processing


(2) UL alignment


 (5) DL alignment


(1) TX processing


PUSCH


(4) Rx processing


(3) UL transmission


 


(6) PDCCH


(3) UL transmission



image9.emf
Slot n Slot n+1

(a) 14-OS PUSCH with CG/PDCCH monitoring periodicity of 14 OS

Slot n Slot n+1

(b) 7-OS PUSCH with CG/PDCCH monitoring periodicity of 7 OS

Slot n Slot n+1

(c) 4-OS PUSCH with CG/PDCCH monitoring periodicity of 7 OS

(d) 2-OS PUSCH with CG/PDCCH monitoring periodicity of 2 OS

CG periodicity

CG periodicity

CG periodicity

Slot n Slot n+1

CG 

perio

dicity


oleObject9.bin
Slot n


Slot n+1


(a) 14-OS PUSCH with CG/PDCCH monitoring periodicity of 14 OS


Slot n


Slot n+1


(b) 7-OS PUSCH with CG/PDCCH monitoring periodicity of 7 OS


Slot n


Slot n+1


(c) 4-OS PUSCH with CG/PDCCH monitoring periodicity of 7 OS


(d) 2-OS PUSCH with CG/PDCCH monitoring periodicity of 2 OS


CG periodicity


CG periodicity


CG periodicity


Slot n


Slot n+1


CG periodicity



image10.emf
DL

UL

CORESET

Slot n+1 Slot n+2

(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot

Slot n+1 Slot n+2

(a) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot

1ms

CG periodicity

Slot n+1 Slot n+2

(b) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot

CG periodicity

CG 

perio

dicity


oleObject10.bin
DL


UL


CORESET


Slot n+1


Slot n+2


(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot


Slot n+1


Slot n+2


(a) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot


1ms


CG periodicity


Slot n+1


Slot n+2


(b) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot


CG periodicity


CG periodicity



image11.emf
DL

UL

CORESET

Slot n Slot n+1 Slot n+2 Slot n+3

(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot

Slot n Slot n+1 Slot n+2 Slot n+3

(a) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot

1ms

CG periodicity

Slot n Slot n+1 Slot n+2 Slot n+3

(b) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot

CG periodicity

CG 

perio

dicity


oleObject11.bin
DL


UL


CORESET


Slot n


Slot n+1


Slot n+2


Slot n+3


(c) 2-OS PDSCH with up to 7 PDCCH monitoring occasions per slot


Slot n


Slot n+1


Slot n+2


Slot n+3


(a) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot


1ms


CG periodicity


Slot n


Slot n+1


Slot n+2


Slot n+3


(b) 7-OS PUSCH with 2 PDCCH monitoring occasions per slot


CG periodicity


CG periodicity



image12.emf
P

a

c

k

e

t

 

a

r

r

i

v

a

l

BS

UE

PUSCH

Initial transmission

Initial transmission + 1 retransmission

(1) SR

(3) DL alignment (5) Rx processing

Tx processing

S

R

(2) SR processing

(6) DL alignment

PUSCH

Tx processing

(5) Rx processing (4) UL scheduled transmission (4) UL scheduled transmission


oleObject12.bin
Packet arrival


BS


UE


PUSCH


Initial transmission


Initial transmission + 1 retransmission


(1) SR


(3) DL alignment


(5) Rx processing


Tx processing


SR


(2) SR processing


(6) DL alignment


PUSCH


Tx processing


(5) Rx processing


(4) UL scheduled transmission


(4) UL scheduled transmission



image1.emf
DCI PUSCH 

PUSCH DCI

PDSCH (HARQ 

ID=1)

PDSCH (HARQ 

ID=0)

DCI

DCI

(a) DL (b) UL


