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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In Rel-16 URLLC enhancement scope, PUSCH improvements for further improved reliability/latency are identified [1]
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
In this contribution, we share our view on enhancement for Scheduling/HARQ/CSI processing timeline.
2. Scheduling/HARQ/CSI processing times
In Rel-15, two UE processing time sets are defined, e.g. capability #1 and capability #2. UE processing time capability #2 provides aggressive processing timeline, as shown in Table 1.
Table 1. UE Processing Times for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS (FR1)

	Front-loaded DMRS only
	N1
	Symbols
	3
	4.5
	9(FR1)


	Frequency-first RE-mapping
	N2
	Symbols
	5
	5.5

	11(FR1)



For URLLC, more stringent latency and higher reliability are required. For example, for factory automation scenario, 2 ms end to end latency and 10-6 BLER target are modeled. Enhancements on UE processing time can reduce HARQ-ACK feedback latency and PUSCH preparation latency. As shown in Fig.1, for UL dynamic scheduling with 30 KHz SCS, if N2 is reduced to 2.5 symbols from 5.5 symbols, more retransmissions can be performed for the given time interval. This is beneficial for both latency reduction and the reliability enhancement. Enhanced UE processing time for N1/N2 can be considered to improve latency and reliability requirement.


Fig.1 UL dynamic scheduling with 30kHz SCS
Proposal 1: Enhanced UE processing time for N1/N2 can be considered to improve latency and reliability requirement.
In Rel-15, Z and Z’ are specified for the timeline between triggering DCI and CSI reporting and between the triggered CSI-RS and CSI reporting, respectively. CSI computation delay for requirement 1 is nearly the same to processing timeline for processing time capability #1, as shown in table 2. It is much larger than one in capability #2. Less CSI computation timeline is beneficial for gNB faster obtaining timely CSI and accurately scheduling according to channel state. Thus, the enhanced N1 and N2 values would be in favour of CSI reporting.
Table 2. CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


Proposal 2: Enhanced CSI computation timeline of UE can be considered  for URLLC.
3. Timeline for UL channel multiplexing
In Rel-15, owing to the flexible starting symbols and durations for PUCCH and PUSCH, there were many overlapping cases, such as PUCCH and PUCCH, PUCCH and PUSCH. It was agreed that for single-slot PUCCH overlaps with single-slot PUSCH in time domain, UCI is piggybacked on PUSCH when the multiplexing timeline requirements are met. Otherwise, UE considers that as an error case for which UE behavior is not specified. The multiplexing time is defined as N1+X and N2+Y. N1+X is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDSCH(s). N2+Y is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable). The X and Y are the additional processing time allowances when HARQ feedback is mapped to PUSCH (including the case that when UE decodes UL grant, the PUCCH preparation is going on, UE needs to cancel the preparation and start to transmit the corresponding information with another transmission). Furthermore, X=T+d1,1+d1,2, Y=T+d2,1, where T = 1. 
In URLLC, the similar multiplexing timeline principle can be starting point, in which N1 and N2 is replaced by N1’ and N2’ of URLLC. X and Y value can be FFS.   
[image: ]
[bookmark: _Ref513769156]Fig.2: Illustration of overlapping PUSCH and PUCCH resources in a slot
Proposal 3: For URLLC traffic, Rel-15 multiplexing timeline principle can be as starting point, in which N1 and N2 are replaced by the enhanced N1 and N2. X and Y value can be FFS.
4. Cancelation timeline
[bookmark: _GoBack]In Rel-15, when UE is RRC configured DL reception or RRC configured UL transmission on semi-static flexible symbols, this configured DL reception or UL transmission can be cancelled by DCI granted UL transmission or DCI granted DL reception, respectively. Furthermore, the cancellation is subject to a minimum time constraint, which follows N2 timeline. That means UE cannot cancel the UL transmission that is to be transmitted over the OFDM symbols within N2 OFDM symbols after the end of the OFDM symbol carrying the SFI or DCI from UE perspective. For URLLC, more aggressive cancelation timeline should be considered to meet the very stringent latency requirement.


Fig.3 cancelation timeline defined in Rel-15
Proposal 4: UE cancelation timeline less than N2 can be considered for URLLC.
5. Conclusion
In the contribution, we have some investigations on Scheduling/HARQ/CSI processing times, and propose that,
Proposal 1: Enhanced UE processing time for N1/N2 can be considered to improve latency and reliability requirement.
Proposal 2: Enhanced CSI computation timeline of UE can be considered  for URLLC.
Proposal 3: For URLLC traffic, Rel-15 multiplexing timeline principle can be as starting point, in which N1 and N2 are replaced by the enhanced N1 and N2. X and Y value can be FFS
Proposal 4: UE cancelation timeline less than N2 can be considered for URLLC.
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