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1	Introduction
This is an update of R1-1812170 containing more analysis.
In scope of eURLLC study item [1] different aspects of PUSCH enhancements on latency and reliability are studied. One of the issues which we are discussing in our paper [2] is the possibility of crossing the slot border using a single repetition per slot. The enhancement can be motivated by latency gain, but in order to show numerical results the study of alignment delay is done in this paper.

[bookmark: _Ref178064866]2	Evaluation of alignment delay
2.1	Problem formulation
Since URLLC traffic is very latency sensitive, the most relevant time allocation method is type B, where one can start transmission at any OFDM-symbol within a slot. At the same time the reliability requirements can lead to a very conservative way of link adaptation, hence, lower MCSs may be selected which requires more RBs. Instead of having wider allocation in frequency, gNb can decide to allocate longer transmission in time which can help to schedule more UEs at the same time. Unfortunately, due to restrictions existed in Release-15 NR, the transmission can be delayed in time if it overlaps with the slot border. The illustration of this issue is presented on Figure 1. Here the alignment delay is a time between two events: when UE is ready for transmission and when transmission is taken place in the beginning of the next slot.
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[bookmark: _Ref521707675]Figure 1: Illustration of long alignment delay due to transmission across slot border restriction in NR Rel. 15

2.2	Evaluation assumption and numerical results
[bookmark: _Hlk528976601]To illustrate the latency gains possible by allowing scheduling across the slot border using mini-slot repetition, we look at the average latency gains compared to scheduling transmissions that are constrained to fit in one slot. One way of using mini-slot repetitions to achieve this is illustrated in Figure 2, but other ways give the same overall latency. 
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Figure 2: One way of allowing cross slot border transmission using mini-slot repetition.

In the analysis we consider an UL configured grant configuration with starting points available every 2 OFDM-symbols as illustrated in Figure 3, and a PDCCH periodicity of 4 OFDM-symbols (i.e. PDCCH can be sent in symbol 0, symbol 4, symbol 8, or symbol 12 in a slot) , where the PDCCH is used to send grants for retransmissions. 
[image: ]
[bookmark: _Ref529786433]Figure 3: Possible configured grant starting positions every 2 OS. This setup can be achieved either through multiple configurations or transmission across the periodicity boundary.


We assume that data packets are equally likely to arrive at the UE at any symbol within a slot. In  the analysis below, we show the worst case latency for different combinations of transmission durations and SCS for non-cross-border and cross-border scheduling respectively. Since there are only 14 symbols in a slot and we typically target to very low block error probabilities, we need to ensure that the latency bound is possible to achieve even when data arrives at the symbol that gives the worst case latency. We evaluate the latency assuming capability 2, and that the gNB processing time is the same as the processing time at the UE. We assume that the gNB uses half of the processing time for decoding, i.e. if the transport block is decoded correctly it can delivered to higher layers after half the processing time. Since allowing retransmissions can lower the amount of resources used considerably by targeting a higher BLER in the first transmission we evaluate the latency after the initial transmission, 1st, 2nd, and 3rd retransmission, taking into account the time needed to transmit PDCCH scheduling the retransmission and the time needed to prepare the PUSCH retransmission. We assume that any retransmissions use the same length as the initial transmission. 
In Table 1 - Table 6 we show the latency evaluation results. Table 1,3,5 show the worst case latency achievable with Rel-15, while Table 2,4,6 show the worst case latency for the corresponding SCS when using mini-slot repetition to allow crossing the slot border. We consider SCS = 15, 30, or 120 kHz, and a total PUSCH length of 2 to 14 symbols, counting any repetitions, for example, a 2-symbol mini-slot repeated 4 times shows up in the tables as a length 8 transmission. To make the tables easier to interpret we focus on target latencies of {0.5, 1, 2, and 3} ms respectively. In the tables showing the worst case latencies using mini-slot repetitions, we color the cases where we can achieve the latency bound using mini-slot repetitions, but cannot achieve the latency bound using Rel-15. 
Based on the analysis, we arrive at the following observations:

[bookmark: _Toc529830521][bookmark: _Toc529882984]For a latency bound of 0.5 ms, using mini-slot repetitions allows an additional 4 cases compared to Rel-15 scheduling. The gains occur for the initial transmission for 30 and 120 kHz SCS.

[bookmark: _Toc529830522][bookmark: _Toc529882985]For a latency bound of 1 ms, using mini-slot repetitions allows an additional 6 cases compared to Rel-15 scheduling. The gains occur for the initial transmission for 15 and 30 kHz SCS.

[bookmark: _Toc529830523][bookmark: _Toc529882986]For a latency bound of 2 ms, using mini-slot repetitions allows an additional 11 cases compared to Rel-15 scheduling. The gains occur for the initial transmission, the 1st, or  2nd retransmission for 15, 30, or 120 kHz SCS.

[bookmark: _Toc529830524][bookmark: _Toc529882987]For a latency bound of 3 ms, using mini-slot repetitions allows an additional 7 cases compared to Rel-15 scheduling. The gains occur for the 2nd or 3rd retransmission for 15 or 30 kHz SCS.


[bookmark: _Ref529803040]Table 1: Rel 15 worst-case latency for 15 kHZ SCS.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.68
	0.89
	0.96
	1.18
	1.25
	1.46
	1.54
	1.75
	1.82
	2.04
	2.11
	2.32
	2.39

	1 retx
	1.68
	1.89
	1.96
	2.18
	2.54
	2.68
	2.82
	2.96
	3.82
	4.04
	4.11
	4.32
	4.39

	2 retx
	2.68
	2.89
	2.96
	3.18
	3.75
	3.82
	4.04
	4.75
	5.82
	6.04
	6.11
	6.32
	6.39

	3 retx
	3.68
	3.89
	3.96
	4.18
	4.75
	5.46
	5.54
	5.96
	7.82
	8.04
	8.11
	8.32
	8.39



Table 2: Latency for 15 kHZ SCS with mini-slot repetitions to schedule across slot border.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.68
	0.75
	0.82
	0.89
	0.96
	1.04
	1.11
	1.18
	1.25
	1.32
	1.39
	1.46
	1.54

	1 retx
	1.61
	1.68
	1.89
	1.96
	2.18
	2.25
	2.46
	2.54
	2.75
	2.82
	3.04
	3.11
	3.32

	2 retx
	2.32
	2.68
	2.89
	2.96
	3.18
	3.54
	3.75
	3.96
	4.18
	4.39
	4.61
	4.82
	5.04

	3 retx
	3.18
	3.68
	3.89
	3.96
	4.18
	4.82
	5.04
	5.25
	5.46
	5.82
	6.04
	6.54
	6.75



Table 3: Rel 15 worst-case latency for 30 kHZ SCS.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.40
	0.51
	0.54
	0.65
	0.69
	0.79
	0.83
	0.94
	0.97
	1.08
	1.12
	1.22
	1.26

	1 retx
	0.90
	1.01
	1.04
	1.29
	1.33
	1.44
	1.47
	1.94
	1.97
	2.08
	2.12
	2.22
	2.26

	2 retx
	1.40
	1.51
	1.54
	1.94
	1.97
	2.29
	2.33
	2.94
	2.97
	3.08
	3.12
	3.22
	3.26

	3 retx
	1.90
	2.01
	2.04
	2.65
	2.69
	2.94
	2.97
	3.94
	3.97
	4.08
	4.12
	4.22
	4.26



Table 4: Latency for 30 kHZ SCS with mini-slot repetitions to schedule across slot border.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.40
	0.44
	0.47
	0.51
	0.54
	0.58
	0.62
	0.65
	0.69
	0.72
	0.76
	0.79
	0.83

	1 retx
	0.90
	1.01
	1.04
	1.15
	1.19
	1.29
	1.33
	1.44
	1.47
	1.58
	1.62
	1.72
	1.76

	2 retx
	1.40
	1.51
	1.54
	1.79
	1.83
	2.01
	2.04
	2.22
	2.26
	2.44
	2.47
	2.58
	2.62

	3 retx
	1.90
	2.01
	2.04
	2.44
	2.47
	2.65
	2.69
	2.94
	2.97
	3.29
	3.33
	3.51
	3.54



Table 5: Rel 15 worst-case latency for 120 kHZ SCS.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.44
	0.46
	0.47
	0.50
	0.51
	0.54
	0.54
	0.57
	0.58
	0.61
	0.62
	0.64
	0.65

	1 retx
	0.97
	1.02
	1.03
	1.05
	1.06
	1.16
	1.17
	1.20
	1.21
	1.23
	1.24
	1.39
	1.40

	2 retx
	1.51
	1.59
	1.60
	1.63
	1.63
	1.79
	1.79
	1.82
	1.83
	1.86
	1.87
	2.14
	2.15

	3 retx
	2.04
	2.14
	2.15
	2.18
	2.19
	2.41
	2.42
	2.45
	2.46
	2.48
	2.49
	2.89
	2.90



[bookmark: _Ref529803045]Table 6: Latency for 120 kHZ SCS with mini-slot repetitions to schedule across slot border.
	PUSCH duration (os)
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Init. tx
	0.44
	0.45
	0.46
	0.46
	0.47
	0.48
	0.49
	0.50
	0.51
	0.52
	0.53
	0.54
	0.54

	1 retx
	0.97
	1.00
	1.01
	1.04
	1.04
	1.07
	1.08
	1.11
	1.12
	1.14
	1.15
	1.18
	1.19

	2 retx
	1.51
	1.55
	1.56
	1.61
	1.62
	1.66
	1.67
	1.70
	1.71
	1.77
	1.78
	1.80
	1.81

	3 retx
	2.04
	2.09
	2.10
	2.16
	2.17
	2.25
	2.26
	2.30
	2.31
	2.39
	2.40
	2.43
	2.44




3	Conclusion
Based on the discussion in the previous sections we have the following observations:
Observation 1	For a latency bound of 0.5 ms, using mini-slot repetitions allows an additional 4 cases compared to Rel-15 scheduling. The gains occur for the initial transmission for 30 and 120 kHz SCS.
Observation 2	For a latency bound of 1 ms, using mini-slot repetitions allows an additional 6 cases compared to Rel-15 scheduling. The gains occur for the initial transmission for 15 and 30 kHz SCS.
Observation 3	For a latency bound of 2 ms, using mini-slot repetitions allows an additional 11 cases compared to Rel-15 scheduling. The gains occur for the initial transmission, the 1st, or  2nd retransmission for 15, 30, or 120 kHz SCS.
Observation 4	For a latency bound of 3 ms, using mini-slot repetitions allows an additional 7 cases compared to Rel-15 scheduling. The gains occur for the 2nd or 3rd retransmission for 15 or 30 kHz SCS.
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