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Introduction
In RAN1 95, one agreement on PUSCH was achieved in the following [1]:
Agreement:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots
In this contribution, we shall focus on PUSCH enhancement.
PUSCH enhancement
1.1 Necessary for slot-cross transmission
According to processing timeline evaluation agreed in RAN1 #95, the processing timeline for two UL transmission mode, configured grant and grant based as shown in Figure 1a and Figure 1b, is evaluated. 

(a) Configured grant transmission

(b) Grant based transmission
Figure1 Processing timeline model for two UL transmission modes
Processing timeline mainly contains SR/CORESET/PUSCH transmission duration, PDCCH/PUSCH 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, it is due to PUSCH does not cross slot. 
For different scenario, SR/CORESET/PUSCH 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 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. Table 1 and 2 shows processing timeline for cell edge UE and cell middle UE.
Table 1 Processing timeline for uplink transmission for cell edge UE
	(Unit: Symbol)
	Time for 1Tx
	Time for RTT
	Time for 2 Tx
	Alignment time for PUSCH

	
	
	
	
	(AlignTime /T1)
	(AlignTime /RTT)

	Configured grant
	Non-slot-cross
	12.78571
	18.71429
	31.5
	5.746%
	0

	
	Slot-cross
	12.5
	18
	30.5
	3.846%
	0

	Grant based
	Non-slot-cross
	27.5
	19
	46.5
	0
	0

	
	Slot-cross
	27.5
	19
	46.5
	0
	0



Table 2 Processing timeline for uplink transmission for cell middle UE
	(Unit: Symbol)
	Time for 1Tx
	Time for RTT
	Time for 2 Tx
	Alignment time for PUSCH

	
	
	
	
	(AlignTime /T1)
	(AlignTime /RTT)

	Configured grant
	Non-slot-cross
	10.5
	14.14286
	24.64286
	4.545%
	1.913%

	
	Slot-cross
	10.5
	13.85714
	24.35714
	4.545%
	0

	Grant based
	Non-slot-cross
	21.71429
	13.78571
	35.5
	0.933%
	0

	
	Slot-cross
	21.5
	14
	35.5
	0
	0


For configured grant transmission, alignment time for initial PUSCH mainly depends on configured grant resource periodicity and duration, Usually, Short periodicity, e.g 2 symbols, and short duration , e.g 2 symbols for cell middle UE and 4 symbols for cell edge UE, is configured to shorten latency. So gain from slot-across transmission is also very marginal for configured grant transmission.
For grant based transmission, alignment time for PUSCH mainly depends on PDCCH transmission occasion. When PDCCH transmission occasion is fixed, PUSCH transmission occasion is nearly fixed due to gap between PDCCH and PUSCH mainly depends on UE capability, which is fixed. For cell edge UE, due to PDCCH is located in limited time domain resource, such as symbol {0,1} and {7,8}, Time domain resource for PUSCH is limited, such as symbol {8,9,10,11} and {1,2,3,4}, which never crosses slot. For cell middle UE, due to PDCCH transmission occasion increases, there is only one case that PUSCH may cross-slot. So gain from slot-cross transmission is also very marginal for grant based transmission.
From Table 1 and Table 2, we could observe that:
· Alignment for PUSCH due to restriction from non-slot-across is very limited, about 1%-2% of total processing timeline.
· [bookmark: OLE_LINK1]Slot-across improves processing timeline about 1%-2%
Observation 1: Slot-across improves processing timeline slightly, about 1%-2%.
1.2 Solution comparison
Three solutions were proposed to perform slot-across transmission in RAN1#95 meeting, as shown in Figure 2.



   
(a) Mini-slot repetition     (b)Split transmission by slot boundary       (c) N UL for N PUSCH repetition
Figure 2 Slot-across transmissions
1) Mini-slot repetition 
One UL grant schedule one TB with semi-static repetition number. Then gNB decides time duration per repetition occasion according to total required time resource to achieve target reliability. Then scatter resource may occur due to orphan symbols are not enough for one repetition occasion.
In addition, repetition is semi-static configuration. If repetition is not always required in term of coverage, but repetition is configured only for the case that transmission starts in the second half-slot, then it will lead PUSCH resource waste when transmission starts in the first half-slot.
If mini-slot repetition is supported, available transmission occasion and DMRS sharing issues need to be considered.
2) Split transmission by slot boundary
One UL grant schedule one TB, which is segmented by slot boundary. Every part includes the same TB but applies independent MCS. 
If split transmission by slot boundary is supported, new resource allocation scheme needs to be considered.
3) N (N>=2) UL grants scheduling N PUSCH repetitions
Two UL grants schedule the same TBs twice. Due to independent schedule, PUSCH resource allocation for each transmission occasion is flexible. And independent precoder configuration could provide more space diversity gain. However, PDCCH overhead is an issue. Then, PDCCH overhead is evaluated for the following two cases: 
· Case 1: One PDCCH and PUSCH with error probability  and , then correct probability for uplink transmission is  
· Case 2: Two PDCCH and PUSCH without combination with error probability  and  for each PDCCH , then correct probability for uplink transmission is   
Figure 3 shows total transmission error probability  with varying PDCCH error probability. PUSCH error probability  and due to limited transmission duration is assumed. Figure 4 shows PDCCH performance, of which simulation assumption is listed in Table A-2. From Figure 3, we can see that when P=, approaches to  and  approaches to. From Figure 4, we can see that in most cases, PDCCH aggregation level for case 2 is lower than that of case 1. So even two PDCCH is needed for case 2, however, total PDCCH overhead hardly increases.
[image: ]
Figure 3 Error probability of PUSCH
[image: ]
Figure 4 PDCCH performance
Observation 2: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
If N UL grant scheduling N PUSCH repetitions is supported, it should be allowed that UL grant to schedule  PUSCH with the same HARQ ID as PUSCH could occur before PUSCH .
Proposal 1: N (N>=2) UL grants scheduling N PUSCH repetitions is considered to supported due to flexible schedule, little specification work and small PDCCH overhead increase, if slot-across transmission is necessary.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Observation 1: Slot-across improves processing timeline slightly, about 1%-2%.
Observation 2: PDCCH overhead hardly increase for scheme 3(N (N>=2) UL grants scheduling N PUSCH repetitions).
Proposal 1: N (N>=2) UL grants scheduling N PUSCH repetitions is supported due to flexible schedule, little specification work and small PDCCH overhead increase, if slot-across transmission is necessary.
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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 duration, lowest MCS level is considered for cell edge UE and 4 symbols are necessary to transmit 32 bytes. Middle MCS level is considered for cell middle UE and 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 for PDCCH per slot is limited to 56 and both UL and DL schedule should be considered. So PDCCH periodicity is assumed as 7 and 4 symbols for cell edge UE and cell middle UE. 
· 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 SR duration, 2 and 1 symbols are assumed for cell edge UE and cell middle UE.
Table A-1 Parameters for processing timeline evaluation
	(Symbol)
	PUSCH duration
	PDCCH periodicity
	CORESET duration
	SR periodicity
	SR duration

	Cell edge
	4
	
	
	2
	2

	Cell middle
	2
	4
	1
	2
	1


1.4 Link level simulation assumption
Table A-2: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	4 Tx antenna ports 

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 


·  Evaluation of 700 MHz and 2 GHz carrier frequency are not precluded. 
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