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Discussion and decision
1 Introduction
From last two RAN1 meetings, there was no discussion on scheduling&HARQ and CSI processing timeline. In this contribution, potential enhancements for scheduling&HARQ processing timeline and out-of-order HARQ issues are discussed. Regarding latency requirement, eURLLC SID [1] identify target latency range in the order of 0.5 to 1ms depending on target use cases such as factory automation, transport industry and power distribution. However, in last meeting, it was agreed to have specific values per different use cases as listed in Table 1. It is noted that 1ms is the minimum latency requirement and therefore 1ms can be used as a baseline to see whether new processing time is required or not in general.
Table 1. Requirements of use case
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:

250 bytes  

Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 

	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
Note: 1 ms air interface latency 
	DL & UL:

32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:

4096, 10 K
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

(22.186: 5.5)
	99.999
	5 (end to end latency)
Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 



	Transport Industry

(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)


2 Scheduling/HARQ processing timeline 
[4] defines that the latency is the user plane latency with averaging for all cases. Detailed latency values for grant-based PDSCH, PUSCH and grant-free PUSCH were analysed in [2]. It is not repeated for brevity. In Tables 3-5 of [2], only grant-based PUSCH cannot meet the latency requirement of 1ms in case of FDD/TDD and 15kHz SCS. On the other hand, grant-based PDSCH and grant-free PUSCH are able to satisfy the requirement. This is because grant-based PUSCH requires more steps to transmit uplink data in comparison to others. It is noted that the effect of HARQ retransmission is marginal to general latency because Rel-15 NR supports MCS and CQI table based on target BLER of 10-5. 
Observation 1: For 15 kHz SCS, Rel-15 NR FDD and TDD cannot support latency of 1 ms for grant-based PUSCH scheduling even assuming error-free reception.


Most issues related with latency requirement are critical in 15kHz SCS due to longer slot duration than 30kHz SCS or larger SCSs. [3] provides similar observations with our analysis in terms of user plane latency. In case of downlink FDD with UE capability 1, 15kHz SCS exceeds latency requirement of 1ms regardless of resource mapping type, scheduling duration and transmission error probability. Instead, 1ms latency requirement can be satisfied when it applies resource mapping type B and UE capability 2. In case of downlink TDD, 1ms latency requirement can be met in case of resource mapping type B and UE capability 2 depending on TDD configurations. For example, if frame structure is like “DSUUD”, all 15kHz SCS cases exceed 1ms latency bound, while if frame structure is like “DUDU”, 15kHz SCS with 2 symbol duration and resource mapping type B can meet 1ms latency. This situation is similarly applied in case of 30kHz SCS, not 60kHz SCS. Strictly speaking, since at least some of cases can meet 1ms latency for all SCSs and duplexing, it does not need to further specify new processing time for grant-based PDSCH. 

Focusing only on 15kHz SCS in case of grant-free PUSCH and FDD, it can meet 1ms latency requirement using UE capability 2 and PUSCH mapping type B. Also in TDD, one case (2 symbol, PUSCH mapping type B and UE capability 2) is able to meet 1ms latency in TDD configuration having like “DUDU”. Since at least one of cases still satisfy 1ms latency requirement for all SCSs, it can be easily observed that it does not need to specify new processing time for Rel-15 NR grant-free PUSCH. 
Observation 2: For grant-based PDSCH and grant-free PUSCH, 1ms latency can be met for both FDD and TDD. 

From above observations, it can conclude that Rel-15 NR grant-based PUSCH does not meet 1ms latency, especially in case of 15kHz SCS. So, even if grant-based PUSCH needs also to meet the latency bound, at least PUSCH related UE processing time should be enhanced mainly targeting for 15kHz SCS. Otherwise, no further enhancement would not be needed because URLLC uplink data transmission can be implemented by grant-free method to meet latency requirement.
Proposal 1: Study whether or not to support new processing time for grant-based PUSCH at least for 15kHz SCS. 
3 CSI processing timeline
For aperiodic CSI reporting, a UE transmits CSI report(s) in a PUSCH after receiving CSI request field in a corresponding DCI format. A processing timeline for CSI computation was introduced in Rel-15 NR. Moreover, if URLLC traffic characteristic is periodic, Rel-15 NR periodic CSI method can be just reused. In case that URLLC traffic has sporadic characteristic, it is mostly difficult for gNB to utilize aperiodic CSI information at initial transmission because traffic arrival of URLLC seems not expectable. So, it is mainly applicable when aperiodic CSI reporting is only applicable between initial transmission and retransmission. However, this is very rare case because retransmission event happens with the probability of 0.001% if gNB schedules URLLC UE using MCS table 3. That is, just one retransmission may be needed among 105 initial transmissions. Above all, it is quite unclear on how/what enhanced CSI processing timeline can improve URLLC requirement. 
Observation 3: There are no clear benefits for enhancing CSI processing timeline for Rel-16 eURLLC.  
Proposal 2: No study on CSI processing timeline.  
4 Out-of-order HARQ
Rel-15 NR does not allow having out-of-order HARQ when a gNB schedules multiple PDSCHs or PUSCHs with multiple HARQ processes in order to simplify and optimize UE processors. For example, if a UE is scheduled to transmit PUSCH at slot n+4 upon DCI format detection at slot n, the UE is not able to transmit another PUSCH at slot n+3 after detecting a DCI format at slot n+1. Then, the latter PUSCH needs to be delayed due to the in-order-HARQ condition and this will increase latency. This restriction may be removed for a UE that simultaneously supports a variety of URLLC services with different latency requirements such as in the power distribution scenario. Accordingly, it is necessary to study out-of-order HARQ for UEs supporting URLLC services having different latency requirements. 
Proposal 3: Study out-of-order HARQ procedures.  


If the necessity is identified, a couple of issues should be resolved. First thing is UE capability. So, it needs to discuss which types of UE can support out-of-order HARQ procedures. Main motivation of having in-order HARQ process is to reduce receiver complexity because UE may process each packet in parallel ways like pipe-line process, e.g., in series of gain controller, channel estimation, decoder and so on. Depending on UE capability, out-of-order HARQ can be handled differently. For example, if an UE has multiple receiver blocks or transmitter blocks, UE can process PDSCHs or PUSCHs having out-of-order HARQ without affecting UE processing timeline. For example, if a UE has two separate components per gain controller, channel estimation and decoder, the UE can process at most two PDSCH having out-of-order HARQ using current Rel-15 processing timeline table. So, this kind of information such as the number of processors should be known to gNB to schedule properly considering UE processing timeline. In this regard, it is possible that gNB allows to schedule PDSCH or PUSCH with out-of-order HARQ to only UEs having multiple processors. As other ways, it is also possible that additional UE behaviours (e.g., prioritization or multiplexing) should be studied considering existing processing time if out-of-order HARQ is also supported for UEs having one process. 
Proposal 4: For out-of-order HARQ, UE capability and related UE behaviour should be studied jointly.
5 Conclusions
This contribution discussed scheduling & HARQ & CSI processing timeline and out-of-order HARQ issue. Followings observations and proposals are made. 
Observation 1: For 15 kHz SCS, Rel-15 NR FDD and TDD cannot support latency of 1 ms for grant-based PUSCH scheduling even assuming error-free reception.

Observation 2: For grant-based PDSCH and grant-free PUSCH, 1ms latency can be met for both FDD and TDD. 
Observation 3: There are no clear benefits for enhancing CSI processing timeline for Rel-16 eURLLC.  
Proposal 1: Study whether or not to support new processing time for grant-based PUSCH for 15kHz SCS. 
Proposal 2: No study on CSI processing timeline.  
Proposal 3: Study out-of-order HARQ procedures.  

Proposal 4: For out-of-order HARQ, UE capability and related UE behaviour should be studied jointly.
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