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Introduction
In Rel-15, out of order scheduling is restricted to reduce UE complexity, and scheduling timeline is major for eMBB service. This document includes analysis for out of order scheduling and scheduling timeline for fitness of URLLC service
Out of order HARQ&scheduling
Out of order HARQ feedback
2.2.1 HARQ feedback timeline restriction in NR Rel-15
We had the following agreement in RAN1 #92 meeting
	Agreements:
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B
· Note: this does not preclude a future capability for UEs to support out-of-order HARQ-ACK.
· Send LS to RAN2 to address this capability (R1-1803509, which is approved by removing the 2nd subbullet, final LS is R1-1803538)


That means the out of order HARQ feedback timeline shown in Fig 1 is forbidden. This is reasonable for eMBB traffic since there is no need for gNB to schedule one HARQ-ACK with so long delay but another so short. And some UE may not have the capability to decoding two PDSCHs in parallel either.


[bookmark: _Ref27379]Fig 1 HARQ feedback timeline restriction in NR Rel-15
2.2.2 Applicability analysis for URLLC channels 
If the PDSCH 2 in Fig 1 is URLLC data, it is obvious the HARQ feedback timeline restriction should be canceled and there may be several different implementations,
Alt 1, UE decodes PDSCH2 and stop decoding PDSCH 1 and feedback NACK for PDSCH 1.
Alt 2, UE decodes PDSCH2 and stop decoding PDSCH 1, after PDSCH 2 decoding is finished, UE can resume PDSCH 1 decoding and if UE is not able to decode PDSCH 1 in time, UE feedback NACK for PDSCH 1.
Alt 3, UE decodes PDSCH 2 and PDSCH 1 in parallel and feedback HARQ-ACK for both PDSCHs.
Alt 1/2 apply for UE with low capability and Alt 3 for UE with high capability for parallel computing. Generally speaking, they won’t cause impact on current specification for HARQ codebook generation, but when it comes to UE feature, whether 1/2 bit is added to distinguish UE capability needs further discussion. 
Proposal 1: Out of order HARQ should be supported in NR Rel-16 and whether 1/2 bit is added to distinguish UE capability for implementation of out of order HARQ needs further discussion.
Out of order PUSCH/PDSCH scheduling
1.1.1 PUSCH/PDSCH scheduling timeline restriction in NR Rel-15
The current specification set a restriction for PUSCH/PDSCH scheduling timeline in TS 38.214 section 6.1/5.1
	For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.
For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.


Fig 2 describes the forbidden scheduling scenarios. These restrictions are reasonable in eMBB since out of order scheduling may cause extra complexity for UE to prepare two PUSCH or decode two PDSCH in parallel. 


[bookmark: _Ref27569]Fig 2 PUSCH/PDSCH scheduling timeline restriction in NR Rel-15
1.1.2 Applicability analysis for URLLC channels 
Once mixed with URLLC, for PUSCH scheduling, a more urgent URLLC data may be scheduled in the middle of the preparation for PUSCH1 and thus out of order PUSCH scheduling should be supported. 
For out of order PDSCH scheduling, some company think there is few scenario for this kind of situation since usually PDSCH is scheduled to start at the same time as the PDCCH so the out of order PDSCH scheduling will not happen. However, the cross-slot PDSCH scheduling can be a good way to reduce DCI blocking probability thus may be configured practically. For example, for URLLC&eMBB mixed traffic, If gNB want to schedule a relatively larger TB(PDSCH) for a eMBB UE and there is no suitable resource in the frequency where UE has better channel gain in the current slot, so the UE has to delay the relatively larger TB(PDSCH) to the next slot, but the eMBB DCI can be transmitted just in the current slot for no URLLC DCI burst preempting the resource in the current slot. If the gNB insists to schedule the DCI and PDSCH at the same time, and wait until the next slot to transmit the eMBB DCI, the eMBB DCI may get blocked if there are URLLC burst in the next slot, which the gNB is not able to predict. Since DL cross-slot scheduling is possible in practical configuration, out of order PDSCH may happen in mixed URLLC/eMBB traffic and thus should be supported in Rel-16.
There may be several different implementations,
Alt 1, UE prepares/decodes PUSCH2/PDSCH2 and stop preparing/decoding PUSCH1/PDSCH1. That means PUSCH1 is not transmitted and UE feedback NACK for PDSCH 1.
Alt 2, UE prepares/decodes PUSCH2/PDSCH2 and stop preparing/decoding PUSCH1/PDSCH1, after preparing/ decoding PUSCH2/PDSCH2 is finished, UE can resume preparing/decoding PUSCH1/PDSCH1. If UE is not able to prepare PUSCH1 in time, PUSCH1 is not transmitted. If a UE is not able to decode PDSCH1 in time, the UE feeds back NACK for PDSCH1.
Alt 3, UE prepares/decodes PUSCH1&2/PDSCH1&2 parallelly. UE transmit both PUSCH1&2. UE feeds back HARQ-ACKs for both PDSCH1&2.
Alt 1/2 applies for UE with low capability and Alt 3 for UE with high capability for parallel computing. For out of order PDSCH scheduling, it is better for UE to determine whether gNB will transmit PDSCH1 or not in order to avoid decoding a non-PDSCH in vain. And for out of order PUSCH scheduling, it’s better for gNB to predetermine whether UE will transmit PUSCH1 or not, so that gNB can save the effort to decoding an dummy PUSCH and schedule the resource of PUSCH1 to other UEs.   
Proposal 2: Out of order PUSCH&PDSCH scheduling should be supported in Rel-16 and schemes for UE/gNB to predetermine whether the interrupted PDSCH/PUSCH will be transmitted or not are for further study. 
Out of order HARQ&PUSCH multiplexing
1.1.3 HARQ&PUSCH multiplexing timeline restriction in NR Rel-15
In current specification, we have the following HARQ&PUSCH multiplexing timeline restriction, 
	TS 38.213 9.1.2.2（for semi-static HARQ codebook）
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.
TS 38.213 9.1.3.2（for dynamic HARQ codebook）
A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.


The above two rules translate into the following two figures,


Fig 3 HARQ&PUSCH multiplexing timeline restriction for semi-static HARQ codebook


Fig 4 HARQ&PUSCH multiplexing timeline restriction for dynamic HARQ codebook
1.1.4 Applicability analysis for URLLC channels 
It is reasonable to have those restrictions for eMBB since UE can start preparing PUSCH any time after receiving the UL grant without worrying about possible HARQ-ACK multiplexing caused by subsequent PDSCH scheduling. But in URLLC/eMBB mixed scenario, URLLC data may need to be scheduled after an eMBB UL grant and with HARQ-ACK feedback overlapped with eMBB PUSCH. 
If we have further enhancement on URLLC data processing time, which means URLLC PDSCH decoding costs much shorter time than eMBB PUSCH preparation, UE will be able to schedule URLLC PDSCH with HARQ-ACK overlapped with eMBB PUSCH even after the deadline for preparing PUSCH,as in Fig 5.


[bookmark: _Ref27863]Fig 5 URLLC PDSCH scheduled after the deadline for preparing PUSCH
Simply canceling the above restrictions seems not working since sometimes URLLC HARQ just cannot be multiplexed into eMBB PUSCH due to short of time. A straightforward solution can be that eMBB PUSCH is punctured by URLLC HARQ if they overlapping with each other. So the current restrictions for eMBB in Rel-15 needs no change but another rule for URLLC HARQ/ eMBB PUSCH multiplexing should be defined.
Proposal 3: The current HARQ&PUSCH multiplexing timeline restriction for eMBB in Rel-16 needs no change but another rule for URLLC HARQ/eMBB PUSCH multiplexing should be defined.
[bookmark: OLE_LINK1]HARQ ID reusing before the end of the HARQ process
1.1.5 HARQ ID reusing before the end of the HARQ process in NR Rel-15
In current specification, we have the following HARQ ID reusing before the end of the HARQ process restrictions, 
	TS 38.214 5.1（for PDSCH）
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process.
TS 38.214 6.1（for PUSCH）
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.


The above two rules translate into the following two figures,
[image: 10]
Fig 6 HARQ ID reusing before the end of the HARQ process restriction for PDSCH
[image: 14]
Fig 7 HARQ ID reusing before the end of the HARQ process restriction for PUSCH
1.1.6 Applicability analysis for URLLC channels 
It is proposed in [1] that for PDSCH scheduling, the above restriction should be cancelled since for some URLLC service, it might to be impossible to re-transmit a PDSCH after the corresponding HARQ-ACK feedback is received. A more time-saving way is to re-transmit a PDSCH before HARQ feedback. And compared to PDCCH repetition scheme, it has the benefit of adaptive MCS setting for the re-transmitted PDSCH. And even for some URLLC service where HARQ based re-transmission is possible within time budget, re-transmitting PDSCH before HARQ feedback can also increase the number of re-transmissions thus enhance reliability.
The time-saving effect for PDSCH HARQ ID reusing scheme is obvious and cause little impact on specification. And this is also true for PUSCH HARQ ID reusing scheme, that is UE can expect to receive a UL grant  scheduling a PUSCH with the same HARQ ID as previous one whose corresponding PUSCH is not transmitted yet. 
[bookmark: OLE_LINK7]One thing needs to be noted, in our view, HARQ ID reusing scheme should be applied only to re-transmission rather than initial transmission because HARQ ID reusing scheme for initial transmission may cause ambiguity for UE. To illustrate it, we can see in Fig 8, two HARQ processes, both with ID0, are for two different TBs, and the NDI field in second DCI is toggled compared to the first one, which means the second PDSCH is a initial transmission instead of re-transmission. If UE feedback NACK for both PDSCHs, then gNB has to re-transmit the two TBs separately. In the DL grant for re-transmission, since the HARQ ID is 0, which is the same as two initial TBs, UE would have no idea which TBs is re-transmitted now thus cause ambiguity on HARQ soft buffer combine.  
[image: 13]
Fig 8 Ambiguity when HARQ ID reusing before the end of the HARQ process applied to initial transmission
[bookmark: OLE_LINK2]Proposal 4: HARQ ID reusing before the end of the HARQ process should be supported for re-transmission of both PDSCH and PUSCH for URLLC service.
Scheduling/HARQ processing timeline
The assumptions for latency analysis are reached in the email discussion following RAN1#AH1901 and are pasted in the annex[2]. For PDSCH, the PDCCH configuration with 7 occasions within a slot in the assumption is used. 
PDSCH transmission latency
The worst latency of PDSCH transmission at 30k SCS, 60k SCS and 120k SCS are shown in table 1. The details of analysis can be found in the annex. We can see that the latency of one-shot transmission for all the cases are less than 1ms. For the two-shot transmission, the latency for all the cases based on Rel-15 processing time are larger than 1ms. Using a new processing time (new N1 in the table), the latency can meet the requirement for some cases. However, the latency of two transmission for the other cases cannot be reduced to 1ms anyway as shown in the table. 
Table 1 Latency of PDSCH transmission in worst case
	
	30k SCS
	60k SCS
	120k SCS

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS

	FDD 
	One-shot
	Latency in Rel-15
	0.51
	0.65 
	0.87 
	0.42 
	0.49 
	0.60 
	-
	-

	
	Two-shot
	Latency in Rel-15
	1.15
	1.44 
	1.90 
	0.94
	1.08
	1.31
	-
	-

	
	
	Latency in Rel-16
	1.00 
	0.93 
	IM 
	0.88 
	1.00 
	0.98 
	-
	-

	
	
	Gain
	13%
	35%
	
	6%
	7%
	25%
	-
	-

	
	
	New N1
	4
	1
	
	9
	8.5
	4.5
	-
	-

	TDD 
	One-shot
	Latency in Rel-15
	0.79 
	0.94 
	-
	0.56 
	0.63 
	-
	0.55 
	0.58 

	
	Two-shot
	Latency in Rel-15
	1.74 
	2.03 
	-
	1.24 
	1.38 
	-
	1.28 
	1.33 

	
	
	Latency in Rel-16
	IM
	IM
	-
	0.96 
	1.00 
	-
	0.96 
	0.95 

	
	
	Gain
	
	
	-
	23%
	28%
	-
	25%
	29%

	
	
	New N1
	
	
	-
	6
	4.5
	-
	22
	19


NOTE:The latency and parameters for Rel-16 is marked in red. ‘IM’ means that it is impossible to be reduced to 1ms for the latency for Rel-16 for that case no matter how small value is set for N1/N2. 
Observation 1: For PDSCH transmission,
· The latency of one-shot transmission for all the cases for Rel-15 are smaller than 1ms. 
· The latency of two-shot transmission for all the cases for Rel-15 are larger than 1ms. 
· The latency of two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time. 
Grant-based PUSCH transmission latency 
Table 2 is the latency for grant-based PUSCH transmission, where the details can be found in the annex. In FDD, one-shot transmission for all the cases except 7OS PUSCH duration at 30k SCS can meet 1ms latency. In TDD, the latency of one-shot transmission is larger than 1ms at 30k SCS. Similar as PDSCH, the two-shot transmission for all the cases cannot meet 1ms latency and in some cases it can be reduced to 1ms by using a new processing time. 
[bookmark: _Ref9458]Table 2 Latency of grant-based PUSCH transmission in worst case
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS

	FDD 
	One-shot
	Latency in Rel-15
	0.79 
	0.94 
	1.12 
	0.63 
	0.71 
	0.83 
	-
	-

	
	
	Latency in Rel-16
	
	
	0.95
	
	
	
	-
	-

	
	
	Gain
	
	
	15%
	
	
	
	-
	-

	
	
	New N2
	
	
	4
	
	
	
	-
	-

	
	Two-shot
	Latency in Rel-15
	1.44 
	1.72 
	2.08 
	1.13 
	1.28 
	1.53 
	-
	-

	
	
	Latency in Rel-16
	0.97 
	0.95 
	IM 
	0.87 
	1.00 
	0.92 
	-
	-

	
	
	Gain
	33%
	45%
	
	23%
	22%
	40%
	-
	-

	
	
	New N2
	2.5
	1
	
	7
	6
	3
	-
	-

	TDD 
	One-shot
	Latency in Rel-15
	1.08 
	1.15 
	-
	0.78 
	0.99 
	-
	0.79 
	0.84 

	
	
	Latency in Rel-16
	IM
	IM
	-
	
	
	-
	
	

	
	Two-shot
	Latency in Rel-15
	1.72 
	2.22 
	-
	1.35 
	1.60 
	-
	1.43 
	1.57 

	
	
	Latency in Rel-16
	IM
	IM
	-
	1.00 
	0.87 
	-
	0.99 
	1.00 

	
	
	Gain
	
	
	-
	26% 
	46% 
	-
	31%
	36% 

	
	
	New N2 
	
	
	-
	5.5
	2
	-
	14
	11



Observation 2: For grant-based transmission, 
· In FDD, the latency of one-shot transmission for all the cases except 7OS PUSCH duration at 30k SCS are smaller than 1ms. In TDD, the latency of one-shot transmission are smaller than 1ms at 60k SCS and 120k SCS.
· The latency of two-shot transmission for all the cases for Rel-15 are larger than 1ms. 
· The latency of one-shot transmission and two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time.
Grant-free PUSCH transmission latency
For grant-free PUSCH transmission, UE can transmit UL data on the pre-allocated resource without sending SR. If network does not decode the PUSCH successfully, it will send an UL grant to schedule the same TB for UE as soon as possible. In other words, HARQ retransmission for grant-free PUSCH is scheduled by network. The latency of grant-free PUSCH are shown in Table 3. The details of analysis can be found in annex. 
[bookmark: _Ref6305]Table 3 Latency of grant-free PUSCH transmission in worst case
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS

	FDD 
	One-shot
	Latency in Rel-15
	0.39 
	0.61 
	0.75 
	0.34 
	0.45 
	0.52 
	-
	-

	
	Two-shot
	Latency in Rel-15
	1.04 
	1.39 
	1.70 
	0.84 
	1.02 
	1.21 
	-
	-

	
	
	Latency in Rel-16
	0.98 
	1.00 
	IM 
	 
	0.96 
	0.98 
	-
	-

	
	
	Gain
	6%
	28%
	
	
	6%
	19%
	-
	-

	
	
	New N2
	4.5
	2
	
	
	9
	6
	-
	-

	TDD 
	One-shot
	Latency in Rel-15
	0.68 
	0.89 
	-
	0.48 
	0.59 
	-
	0.43 
	0.48 

	
	Two-shot
	Latency in Rel-15
	1.32 
	1.68 
	-
	0.98 
	1.16 
	-
	1.03 
	1.10 

	
	
	Latency in Rel-16
	IM
	IM
	-
	
	0.96 
	-
	0.86 
	0.89 

	
	
	Gain
	
	
	-
	
	17%
	-
	17%
	19%

	
	
	New N2 
	
	
	-
	
	6
	-
	20
	20



Observation 3: For grant-free PUSCH
· The latency of one-shot transmission for all the cases for Rel-15 are smaller than 1ms.
· The latency of two-shot transmission for all the cases except 2OS PUSCH duration at 60k SCS are larger than 1ms. 
· The latency of two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time. 
Resource efficiency
Besides low latency, another important feature of URLLC is high reliability. In NR, a lower BLER MCS table is introduced to improve reliability of one-shot transmission while the disadvantage is high resource overhead. Another method to improve reliability is multiple transmission, e.g. the sender retransmits the same TB when its received feedback is NACK. Here we give a comparison of resource efficiency for this two method, i.e. one-shot vs two-shot. Both of two method achieve the same BLER at the receiver. For two-shot transmission, the same MCS is used and the target BELR of first transmission is 0.1, 0.01, 0.001 respectively. The total number of RBs is N*(1+P), where N is the number of RBs based on the scheduled MCS and P is the BLER of first transmission. From the result illustrated in Fig 9, we can see that two-shot transmission with 0.1 target BLER for first transmission has the best resource efficiency in most cases. More details of the simulation can be found in Table 22 in the annex.
[image: ]
[bookmark: _Ref25309]Fig 9 Comparison of resource efficiency
Observation 4: Two-shot transmission with 0.1 target BLER for first transmission has the best resource efficiency in most cases.
According to the observations above and considering the implementation complexity, we have the following views on the new processing time for Rel-16 to support URLLC. 
Table 4 Support (Y) and No support (N) for capability timing 3 for DL and UL under different SCS
	
	DL/30KHz
	UL/30KHz
	DL/60KHz
	UL/60KHz
	DL/120KHz
	UL/120KHz

	Support?
	Y
	Y
	Y
	Y
	Y
	Y

	New N1/N2
	4
	4
	7
	9
	19
	20



Proposal 5: A new processing time should be introduced for URLLC in Rel-16 and the suggested value is:
	
	DL/30KHz
	UL/30KHz
	DL/60KHz
	UL/60KHz
	DL/120KHz
	UL/120KHz

	Suggested N1/N2
	4
	4
	7
	9
	19
	20



Conclusions
In this contribution, we analyze the multiplexing timeline rules for URLLC PUCCH channels in this proposal to get a view of enhancements needed. In summary, we have the following observations and proposals for capturing.
Observation 1: For PDSCH transmission,
· The latency of one-shot transmission for all the cases for Rel-15 are smaller than 1ms. 
· The latency of two-shot transmission for all the cases for Rel-15 are larger than 1ms. 
· The latency of two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time. 
Observation 2: For grant-based transmission, 
· In FDD, the latency of one-shot transmission for all the cases except 7OS PUSCH duration at 30k SCS are smaller than 1ms. In TDD, the latency of one-shot transmission are smaller than 1ms at 60k SCS and 120k SCS.
· The latency of two-shot transmission for all the cases for Rel-15 are larger than 1ms. 
· The latency of one-shot transmission and two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time.
Observation 3: For grant-free PUSCH
· The latency of one-shot transmission for all the cases for Rel-15 are smaller than 1ms.
· The latency of two-shot transmission for all the cases except 2OS PUSCH duration at 60k SCS are larger than 1ms. 
· The latency of two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time. 
Observation 4: Two-shot transmission with 0.1 target BLER for first transmission has the best resource efficiency in most cases.
Proposal 1: Out of order HARQ should be supported in NR Rel-16 and whether 1/2 bit is added to distinguish UE capability for implementation of out of order HARQ needs further discussion.
Proposal 2: Out of order PUSCH&PDSCH scheduling should be supported in Rel-16 and schemes for UE/gNB to predetermine whether the interrupted PDSCH/PUSCH will be transmitted or not are for further study.
Proposal 3: The current HARQ&PUSCH multiplexing timeline restriction for eMBB in Rel-16 needs no change but another rule for URLLC HARQ/eMBB PUSCH multiplexing should be defined.
Proposal 4: HARQ ID reusing before the end of the HARQ process should be supported for re-transmission of both PDSCH and PUSCH for URLLC service.
Proposal 5: A new processing time should be introduced for URLLC in Rel-16 and the suggested value is:
	
	DL/30KHz
	UL/30KHz
	DL/60KHz
	UL/60KHz
	DL/120KHz
	UL/120KHz

	Suggested N1/N2
	4
	4
	7
	9
	19
	20



Annex
Based on the email discussion after RAN1#AH 1901, the following assumptions for latency analysis are reached.
	Proposal:
To further study the need for introducing a new PDSCH and PUSCH processing timelines, the following cases are used for calibration of the results amongst the companies:
· For evaluating the impact of processing times on downlink latency:
· The latency of the initial transmission must include the gNB processing time after receiving a packet from the higher layers and the alignment delay. 
· The alignment delay includes the gap between the two consecutive PDCCH monitoring occasions and the scheduling constraint due to the slot boundaries.
· [bookmark: _Hlk536726092]The alignment delay should also be considered for scheduling the later PDSCHs.  
· [bookmark: _Hlk791167]gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH:
· Case1: UE’s N2/2 + X for scheduling the initial PDSCH and UE’s N2 + X for re-transmission.
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PDCCH duration = 1 symbol
· 1-symbol overlap between PDCCH and PDSCH
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· PDSCH duration:
· 2 symbols 
· 4 symbols 
· 7 symbols 
· PDSCH with front-loaded DMRS is assumed.
· PDSCH of mapping type B is assumed.
· PUCCH duration = 1 symbol
· Number of PUCCH carrying HARQ-ACK for URLLC per slot is 7 and using the following pattern: [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· UE decoding time for the last PDSCH: is N1 + d_1,1


· For evaluating the impact of processing times on uplink latency:
· The latency of the initial transmission must include the alignment delay. 
· For the case of SR-based PUSCH, the alignment delay includes the gap between the two consecutive SR occasions and the scheduling constraint due to the slot boundaries. 
· For the case of grant-free PUSCH, the alignment delay includes the transmission constraint due to the grant-free UL occasions for the initial transmission, and the scheduling constraint due to the slot boundaries for the grant-based re-transmission.  
· For both SR-based PUSCH and grant-free PUSCH, the alignment delay should also be considered for PUSCH re-transmission triggered by a dynamic grant. 
· The first symbol of PUSCH consists of only DMRS.
· PUSCH with type-B mapping and no additional DMRS is assumed.
· For the case of grant-free PUSCH, the latency of the initial transmission must also include the UE’s processing time given as UE’s N2/2
· gNB’s PUSCH-to-PDCCH processing time (note that PDCCH alignment has to be included separately) is UE’s N1 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· gNB’s decoding time for the last PUSCH is UE’s N1/2 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PUSCH duration: 
· Case 1: 2
· Case 2: 4 
· Case 3: 7
· [bookmark: _Hlk774190]For dynamic PUSCH, it is assumed that the TB cannot be repeated across the slot boundary. 
· PDCCH duration: 1 symbol
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· For GF-PUSCH: 
· The re-transmission is triggered by a dynamic grant.
· The number of PUSCH transmission occasions per slot:
· 7 for the case of 2-symb PUSCH (i.e., the UL pattern is [2,2,2,2,2,2,2].)
· 3 for the case of 4-symbol PUSCH (i.e., the UL pattern is [4,4,4,0].)
· 2 for the case of 7-symb PUSCH (i.e., the UL pattern is [7,7].)
· For SR-based PUSCH:
· gNB’s processing time for SR is UE’s N1
· Duration of the PUCCH for SR: 1 symbol
· Number of SR occasions per slot: 7 with [1,0,1,0,1,0,1,0,1,0,1,0,1,0] configuration.

· For SCS = 30/60KHz, FDD is assumed.
· The companies can additionally consider TDD; the assumed TDD UL/DL configuration should be reported.
· For SCS = 120KHz, the companies report the considered TDD UL/DL configuration (e.g., [D,D,D,D,D,D,F,F,U,U,U,U,U,U] can be assumed, where ‘F’ indicates the semi-static flexible symbol.)


· In this study, a timing advance is assumed to be 0.
· The gNB processing times assumed in here are only for the purpose of this study, and are not necessarily indicative of actual gNB processing capabilities.

· For each scenario, the following parameters are reported:
1. The worst-case latency for completing a single-shot transmission under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
2. The worst-case latency for completing two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
3. In case a single-shot transmission cannot be completed under (1), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete a single-shot transmission within 1ms.
· Also, the latency reduction gains as compared to (1) above.
4. In case two transmissions cannot be completed under (2), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) within 1ms.
· Also, the latency reduction gains as compared to (2) above.
5. Support/No support for introducing new processing timing capabilities for Rel. 16 eURLLC.

· For the DL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· For the UL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· [bookmark: _Hlk806823]Besides the above mentioned values, the companies can consider other values for gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH, gNB’s PUSCH-to-PDCCH processing time, and gNB’s decoding time for the last PUSCH. In case other values are considered, the assumption of N2 = N1 when calculating the gNB processing time for the Rel. 16 analysis is not required.  
· For the UL study, a solution with N2 of Rel. 15 > N2 of Rel. 16 = N1 of Rel. 16 > N1 of Rel. 15 is not valid.
· The LLS and SLS evaluation results can be reported under the methodology agreed in RAN1 #95 for the scenarios identified above.



Rel-15 based analysis
1.1.7 FDD
1.1.7.1 PDSCH transmission procedure


[bookmark: _Ref19912]Fig 10 PDSCH transmission procedure
A general PDSCH transmission procedure is shown in Fig 10. We can see that one-shot PDSCH transmission latency includes: 1)gNB processing time for PDCCH/PDSCH preparation, 2)PDCCH alignment delay, 3)PDCCH duration, 4)PDSCH duration, 5)UE processing time for PDSCH reception. In addition, two-shot PDSCH transmission also includes: 6)PUCCH alignment delay, 7) PUCCH duration, 8) gNB processing time for PUCCH reception and PDCCH/PDSCH preparation.
1.1.7.2 Latency of PDSCH in FDD
The details of latency of PDSCH in worst case are shown in Table 5. We can see that the latency of one shot transmission is less than 1ms. The latency of two shot transmission except the case that PDSCH duration is 2 OFDM symbols at 60k SCS is larger than 1ms.
[bookmark: _Ref15945]Table 5 Latency of PDSCH in worst case
	
	30k SCS
	60k SCS

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	gNB processing(PDCCH)
	4.75
	4.75
	4.75
	9.5
	9.5
	9.5

	PDCCH alignment
	2
	4
	8
	2
	4
	8

	PDCCH/PDSCH duration
	2
	4
	7
	2
	4
	7

	UE processing(PDSCH/PUCCH)
	5.5
	5.5
	4.5
	10
	10
	9

	PUCCH alignment
	0.5
	0.5
	1.5
	0
	0
	1

	PUCCH duration
	1
	1
	1
	1
	1
	1

	gNB processing(PUCCH&PDSCH)
	7.5
	7.5
	7.5
	15
	15
	15

	PDCCH alignment
	1.5
	3.5
	7.5
	1
	3
	7

	PDCCH/PDSCH duration
	2
	4
	7
	2
	4
	7

	PDCCH/PDSCH decoding at UE
	5.5
	5.5
	4.5
	10
	10
	9

	one-shot latency(ms)
	0.51
	0.65 
	0.87 
	0.42 
	0.49 
	0.60 

	two-shot latency(ms)
	1.15
	1.44 
	1.90 
	0.94 
	1.08 
	1.31 



NOTE:
1. The latency of one-shot PDSCH transmission is obtained by the sum of parameters from row 3 (gNB processing) to row 6 (UE processing).
2. The latency of two-shot PDSCH transmission is obtained by the sum of parameters from row 3 (gNB processing) to row 12 (PDCCH/PDSCH decoding at UE).
1.1.7.3 Grant-based PUSCH transmission procedure


[bookmark: _Ref136]Fig 11 Grant-based PUSCH transmission procedure
A general grant-based PUSCH transmission procedure is shown in Fig 11. Similar as PDSCH, the latency of one-shot grant-based PUSCH includes: 1)SR alignment delay, 2)SR duration, 3)gNB processing time for SR reception and PDCCH preparation, 4)PDCCH alignment delay, 5)PDCCH duration, 6)UE processing time, 7)PUSCH alignment delay, 8)PUSCH duration, 9)gNB processing for PUSCH reception. 
1.1.7.4 Latency of Grant-based PUSCH in FDD
The details of latency of one-shot transmission for grant-based PUSCH in worst case are shown in Table 6. 
[bookmark: _Ref26710]Table 6 Latency of one-shot transmission for grant-based PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	SR alignment
	2
	2
	2
	2
	2
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	4.5
	4.5
	4.5
	9
	9
	9

	PDCCH alignment
	0.5
	0.5
	0.5
	0
	0
	0

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	5.5
	11
	11
	11

	PUSCH alignment
	1.5
	3.5
	5.5
	0
	2
	6

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	4.25
	4.25
	4.25
	9.5
	9.5
	9.5

	one-shot latency(ms)
	0.79 
	0.94 
	1.12 
	0.63 
	0.71 
	0.83 



The details of latency of two-shot transmission for grant-based PUSCH in worst case are shown in Table 7. 
[bookmark: _Ref2974]Table 7 Latency of two-shot transmission for grant-based PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	SR alignment
	2
	2
	2
	2
	2
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	4.5
	4.5
	4.5
	9
	9
	9

	PDCCH alignment
	0.5
	0.5
	0.5
	0
	0
	0

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	5.5
	11
	11
	11

	PUSCH alignment
	1.5
	3.5
	5.5
	0
	2
	6

	PUSCH duration
	2
	4
	7
	2
	4
	7

	gNB processing(PUSCH/PDCCH)
	6.5
	6.5
	6.5
	13
	13
	13

	PDCCH alignment
	1.5
	1.5
	1.5
	1
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	5.5
	11
	11
	11

	PUSCH alignment
	1.5
	3.5
	5.5
	0
	2
	6

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	4.25
	4.25
	4.25
	9.5
	9.5
	9.5

	two-shot latency(ms)
	1.44 
	1.72 
	2.08 
	1.13 
	1.28 
	1.53 



1.1.7.5 Grant-free PUSCH transmission procedure 


[bookmark: _Ref5060]Fig 12 Grant-free PUSCH transmission procedure
A general grant-free PUSCH transmission procedure is shown in Fig 12. The latency of one-shot grant-free PUSCH includes: 1)UE processing time to prepare PUSCH, 2)PUSCH alignment delay, 3)PUSCH duration, 4)gNB processing time for PUSCH reception. In addition, the latency of two transmissions also includes: 5)PDCCH alignment delay, 6)PDCCH duration.
1.1.7.6 Latency of grant-free PUSCH in FDD
The details of latency of one-shot transmission and two-shot transmission for grant-free PUSCH in worst case are shown in Table 8 and Table 9. 
[bookmark: _Ref11011]Table 8 Latency of one-shot transmission for grant-free PUSCH in worst case
	[bookmark: _Ref2366]
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	UE PUSCH preparation
	2.75
	2.75
	2.75
	5.5
	5.5
	5.5

	PUSCH alignment
	2
	6
	7
	2
	6
	7

	PUSCH duration
	2
	4
	7
	2
	4
	7

	gNB PUSCH decoding
	4.25
	4.25
	4.25
	9.5
	9.5
	9.5

	one-shot latency(ms)
	0.39 
	0.61 
	0.75 
	0.34 
	0.45 
	0.52 



[bookmark: _Ref24497]Table 9 Latency of two-shot transmission for grant-free PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	UE PUSCH preparation
	2.75
	2.75
	2.25
	5.5
	5.5
	5.5

	PUSCH alignment
	2
	6
	7
	2
	6
	7

	PUSCH duration
	2
	4
	7
	2
	4
	7

	gNB processing(PUSCH/PDCCH)
	6.5
	6.5
	6.5
	13
	13
	13

	PDCCH alignment
	1.5
	1.5
	1.5
	1
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH/PUSCH)
	5.5
	5.5
	5.5
	11
	11
	11

	PUSCH alignment
	1.5
	3.5
	5.5
	0
	2
	6

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	4.25
	4.25
	4.25
	9.5
	9.5
	9.5

	two-shot latency(ms)
	1.04 
	1.39 
	1.70 
	0.84 
	1.02 
	1.21 



1.1.8 TDD
In TDD, the slot configuration with DL:GP:UL=6:2:6 is assumed. For latency analysis, the only difference from the FDD is that the alignment delay need to consider the slot configuration. The PDCCH and SR configuration are shown in Fig 13. The PDSCH/PUSCH duration can be 2OS or 4OS in this case.
[image: ]
[bookmark: _Ref17025]Fig 13 PDCCH and PUCCH configuration in TDD
1.1.8.1 PDSCH
The details of latency for PDSCH in worst case in TDD are shown in Table 10 .
[bookmark: _Ref23444]Table 10 Latency for PDSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PDSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	gNB processing(PDCCH)
	4.75
	4.75
	9.5
	9.5
	26
	26

	PDCCH alignment
	10
	12
	10
	12
	10
	12

	PDCCH/PDSCH duration
	2
	4
	2
	4
	2
	4

	UE processing(PDSCH/PUCCH)
	5.5
	5.5
	10
	10
	24
	23

	PUCCH alignment
	0.5
	0.5
	0
	0
	0
	0

	PUCCH duration
	1
	1
	1
	1
	1
	1

	gNB processing(PUCCH&PDSCH)
	7.5
	7.5
	15
	15
	44
	44

	PDCCH alignment
	10
	12
	10
	12
	10
	12

	PDCCH/PDSCH duration
	2
	4
	2
	4
	2
	4

	PDCCH/PDSCH decoding at UE
	5.5
	5.5
	10
	10
	24
	23

	one-shot latency(ms)
	0.79 
	0.94 
	0.56 
	0.63 
	0.55 
	0.58 

	two-shot latency(ms)
	1.74 
	2.03 
	1.24 
	1.38 
	1.28 
	1.33 



1.1.8.2 Grant-based PUSCH
The details of latency of one-shot transmission and two-shot transmission for grant-based PUSCH in worst case in TDD are shown in Table 11 and Table 12, respectively.
[bookmark: _Ref26115]Table 11 Latency of one-shot transmission for grant-based PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	SR alignment
	10
	10
	10
	10
	10
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	4.5
	4.5
	9
	9
	20
	20

	PDCCH alignment
	0.5
	0.5
	0
	0
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	11
	11
	36
	36

	PUSCH alignment
	1.5
	1.5
	0
	10
	0
	11

	PUSCH duration
	2
	4
	2
	4
	2
	4

	PUSCH decoding
	4.25
	4.25
	9.5
	9.5
	18
	18

	one-shot latency(ms)
	1.08 
	1.15 
	0.78 
	0.99 
	0.79 
	0.84 



[bookmark: _Ref26922]Table 12 Latency of two-shot transmission for grant-based PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	SR alignment
	10
	10
	10
	10
	10
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	4.5
	4.5
	9
	9
	20
	20

	PDCCH alignment
	0.5
	0.5
	0
	0
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	11
	11
	36
	36

	PUSCH alignment
	1.5
	1.5
	0
	10
	0
	11

	PUSCH duration
	2
	4
	2
	4
	2
	4

	gNB processing(PUSCH/PDCCH)
	6.5
	6.5
	13
	13
	28
	28

	PDCCH alignment
	1.5
	9.5
	5
	3
	4
	2

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	11
	11
	36
	36

	PUSCH alignment
	1.5
	3.5
	0
	2
	0
	11

	PUSCH duration
	2
	4
	2
	4
	2
	4

	PUSCH decoding
	4.25
	4.25
	9.5
	9.5
	18
	18

	two-shot latency(ms)
	1.72 
	2.22 
	1.35 
	1.60 
	1.43 
	1.57 



1.1.8.3 Grant-free PUSCH
The details of latency of one-shot transmission and two-shot transmission for grant-free PUSCH in worst case in TDD are shown in Table 13 and Table 14, respectively.
[bookmark: _Ref27741]Table 13 Latency of one-shot transmission for grant-free PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	UE PUSCH preparation
	2.75
	2.75
	5.5
	5.5
	18
	18

	PUSCH alignment
	10
	14
	10
	14
	10
	14

	PUSCH duration
	2
	4
	2
	4
	2
	4

	gNB PUSCH decoding
	4.25
	4.25
	9.5
	9.5
	18
	18

	one-shot latency
	0.68 
	0.89 
	0.48 
	0.59 
	0.43 
	0.48 



[bookmark: _Ref28287]Table 14 Latency of one-shot transmission for grant-free PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	UE PUSCH preparation
	2.75
	2.75
	5.5
	5.5
	18
	18

	PUSCH alignment
	10
	14
	10
	14
	10
	14

	PUSCH duration
	2
	4
	2
	4
	2
	4

	gNB processing(PUSCH/PDCCH)
	6.5
	6.5
	13
	13
	28
	28

	PDCCH alignment
	1.5
	1.5
	1
	1
	0
	0

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH/PUSCH)
	5.5
	5.5
	11
	11
	36
	36

	PUSCH alignment
	1.5
	3.5
	0
	2
	0
	0

	PUSCH duration
	2
	4
	2
	4
	2
	4

	PUSCH decoding
	4.25
	4.25
	9.5
	9.5
	18
	18

	two-shot latency
	1.32 
	1.68 
	0.98 
	1.16 
	1.03 
	1.10 



Rel-16 based analysis
1.1.9 FDD
1.1.9.1 Latency of PDSCH in FDD
The details of latency of PDSCH in worst case are shown in Table 15, where the required UE processing time (N1+d_1,1) to complete two transmissions within 1ms is highlighted. It should be noted d_1,1 is equal to 1 when the PDSCH duration is 2 and 4 OFDM symbols. We can see that the latency to complete two transmissions for 7 OFDM symbols at 30k SCS cannot be reduced to 1ms even when the processing time is reduced to zero.
[bookmark: _Ref16177]Table 15 Latency of two-shot transmission for PDSCH in worst case
	
	30k SCS
	60k SCS

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	gNB processing(PDCCH)
	4
	2.5
	0
	8.5
	8.25
	6.25

	PDCCH alignment
	2
	4
	8
	2
	4
	8

	PDCCH/PDSCH duration
	2
	4
	7
	2
	4
	7

	UE processing(PDSCH/PUCCH)
	5
	2
	0
	10
	9.5
	4.5

	PUCCH alignment
	0
	0.5
	0
	0
	0
	1

	PUCCH duration
	1
	1
	1
	1
	1
	1

	gNB processing(PUCCH&PDSCH)
	6
	3
	0
	13
	12.5
	8.5

	PDCCH alignment
	1
	3
	7
	1
	3
	7

	PDCCH/PDSCH duration
	2
	4
	7
	2
	4
	7

	PDCCH/PDSCH decoding at UE
	5
	2
	0
	10
	9.5
	4.5

	one-shot latency(ms)
	0.46 
	0.45 
	0.54 
	0.40 
	0.46 
	0.46 

	two-shot latency(ms)
	1.00 
	0.93 
	1.07 
	0.88 
	1.00 
	0.98 



1.1.9.2 Latency of grant-based PUSCH in FDD
The details of latency of one-shot transmission for grant-based PUSCH are shown in Table 16, where the the required UE processing time (N2) to complete one transmission within 1ms is highlighted. It should be noted only the case that PDSCH duration is 7 OFDM symbols at 30k SCS need to be enhanced. 
[bookmark: _Ref17147]Table 16 Latency of one-shot transmission for grant-based PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	SR alignment
	2
	2
	2
	2
	2
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	4.5
	4.5
	4
	9
	9
	9

	PDCCH alignment
	0.5
	0.5
	0.5
	0
	0
	0

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	5.5
	5.5
	4
	11
	11
	11

	PUSCH alignment
	1.5
	3.5
	5
	0
	2
	6

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	4.25
	4.25
	2
	9.5
	9.5
	9.5

	one-shot latency(ms)
	0.79 
	0.94 
	0.95 
	0.63 
	0.71 
	0.83 



The details of latency of two-shot transmission for grant-based PUSCH in worst case are shown in Table 17, where the required UE processing time (N2) to complete two transmissions within 1ms is highlighted. 
[bookmark: _Ref19632]Table 17 Latency of two-shot transmission for grant-based PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	SR alignment
	2
	2
	2
	2
	2
	2

	SR duration
	1
	1
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	2.5
	1
	0
	7
	6
	3

	PDCCH alignment
	0.5
	0
	0.5
	0
	1
	0

	PDCCH duration
	1
	1
	1
	0
	1
	1

	UE processing(PDCCH, PUSCH)
	2.5
	1
	0
	7
	6
	3

	PUSCH alignment
	0.5
	2
	6.5
	0
	3
	5

	PUSCH duration
	2
	4
	7
	2
	4
	7

	gNB processing(PUSCH/PDCCH)
	4.5
	3
	0
	11
	10
	7

	PDCCH alignment
	1.5
	1
	1.5
	1
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	2.5
	1
	0
	7
	6
	3

	PUSCH alignment
	0.5
	2
	6.5
	0
	3
	5

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	3.25
	2.5
	0
	7.5
	7
	5.5

	two-shot latency(ms)
	0.97 
	0.95 
	1.21 
	0.87 
	1.00 
	0.92 



1.1.9.3 Latency of grant-free PUSCH in FDD
The details of latency of two-shot transmission for grant-free PUSCH in worst case are shown in Table 18, where the required UE processing time (N2) to complete two transmissions within 1ms is highlighted. 
[bookmark: _Ref24648]Table 18 Latency of two-shot transmission for grant-free PUSCH in worst case
	
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	UE PUSCH preparation
	2.25
	1
	0
	4.5
	4.5
	3

	PUSCH alignment
	2
	6
	7
	2
	6
	7

	PUSCH duration
	2
	4
	7
	2
	4
	7

	gNB processing(PUSCH/PDCCH)
	6.5
	4
	0
	13
	13
	10

	PDCCH alignment
	1.5
	1
	1.5
	1
	1
	1

	PDCCH duration
	1
	1
	1
	1
	1
	1

	UE processing(PDCCH/PUSCH)
	4.5
	2
	0
	9
	9
	6

	PUSCH alignment
	1.5
	2
	5.5
	0
	2
	5

	PUSCH duration
	2
	4
	7
	2
	4
	7

	PUSCH decoding
	4.25
	3
	0
	9.5
	9.5
	8

	two-shot latency
	0.98 
	1.00 
	1.04 
	0.79 
	0.96 
	0.98 



1.1.10 TDD
An example of two transmissions for PDSCH at 30k SCS in TDD is shown in Fig 14. Even if the processing time is reduce to zero, the total latency is 30 OFDM symbols due to the large alignment delay for each DL/UL transmission, which is larger than 1ms. Therefore, the latency of two transmission at 30k SCS in TDD cannot be reduced to 1ms. Similarly, the latency to complete two transmissions for UL at 30k SCS cannot be reduced to 1ms. 
[image: ]
[bookmark: _Ref6996][bookmark: _Ref6986]Fig 14 Two transmissions in TDD 
1.1.10.1 PDSCH
The details of latency of two-shot transmission for PDSCH in worst case in TDD are shown in Table 10, where the required UE processing time (N1+d_1,1) to complete two transmissions within 1ms is highlighted.
Table 19 Latency of two-shot transmission for PDSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PDSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	gNB processing(PDCCH)
	--
	--
	7
	6.25
	17
	14

	PDCCH alignment
	--
	--
	10
	12
	10
	12

	PDCCH/PDSCH duration
	--
	--
	2
	4
	2
	4

	UE processing(PDSCH/PUCCH)
	--
	--
	7
	5.5
	22
	19

	PUCCH alignment
	--
	--
	1
	0.5
	0
	1

	PUCCH duration
	--
	--
	1
	1
	1
	1

	gNB processing(PUCCH&PDSCH)
	--
	--
	10
	8.5
	26
	24

	PDCCH alignment
	--
	--
	7
	8.5
	6
	8

	PDCCH/PDSCH duration
	--
	--
	2
	4
	2
	4

	PDCCH/PDSCH decoding at UE
	--
	--
	7
	5.5
	22
	19

	two-shot latency(ms)
	--
	--
	0.96 
	1.00 
	0.96 
	0.95 



1.1.10.2 Grant-based PUSCH
The details of latency of two-shot transmission for grant-based PUSCH in worst case in TDD are shown in Table 20, where the required UE processing time (N2) to complete two transmissions within 1ms is highlighted.
[bookmark: _Ref12165]Table 20 Latency of two-shot transmission for grant-based PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	SR alignment
	--
	--
	10
	10
	10
	10

	SR duration
	--
	--
	1
	1
	1
	1

	gNB processing(SR/PDCCH)
	--
	--
	5.5
	2
	14
	11

	PDCCH alignment
	--
	--
	0.5
	3
	5
	8

	PDCCH duration
	--
	--
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	--
	--
	5.5
	2
	14
	11

	PUSCH alignment
	--
	--
	1.5
	5
	7
	10

	PUSCH duration
	--
	--
	2
	4
	2
	4

	gNB processing(PUSCH/PDCCH)
	--
	--
	9.5
	6
	22
	19

	PDCCH alignment
	--
	--
	1.5
	0
	0
	1

	PDCCH duration
	--
	--
	1
	1
	1
	1

	UE processing(PDCCH, PUSCH)
	--
	--
	5.5
	2
	14
	11

	PUSCH alignment
	--
	--
	1.5
	1
	3
	7

	PUSCH duration
	--
	--
	2
	4
	2
	4

	PUSCH decoding
	--
	--
	7.75
	6.5
	15
	13.5

	two-shot latency(ms)
	--
	--
	1.00 
	0.87 
	0.99 
	1.00 



1.1.10.3 Grant-free PUSCH
The details of latency of two transmission for grant-free PUSCH in TDD are shown in Table 21, where the required UE processing time (N2) to complete two transmissions within 1ms is highlighted. It should be noted that the case with 2 OS PUSCH duration at 60k SCS for Rel-15 can meet the requirement as shown above. Hence, the enhancement for this case is not required.
[bookmark: _Ref12427]Table 21 Latency of two-shot transmission for grant-free PUSCH in TDD
	
	30k SCS
	60k SCS
	120k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	UE PUSCH preparation
	--
	--
	5.5
	3
	10
	10

	PUSCH alignment
	--
	--
	10
	14
	10
	14

	PUSCH duration
	--
	--
	2
	4
	2
	4

	gNB processing(PUSCH/PDCCH)
	--
	--
	13
	10
	28
	28

	PDCCH alignment
	--
	--
	1
	4
	4
	0

	PDCCH duration
	--
	--
	1
	1
	1
	1

	UE processing(PDCCH/PUSCH)
	--
	--
	11
	6
	20
	20

	PUSCH alignment
	--
	--
	0
	1
	1
	1

	PUSCH duration
	--
	--
	2
	4
	2
	4

	PUSCH decoding
	--
	--
	9.5
	7
	18
	18

	two-shot latency
	--
	--
	0.98
	0.96
	0.86
	0.89



Details of resource efficiency comparison
[bookmark: _Ref5790]Table 22 The number of required RBs
	SINR
	The number of RBs
	Resource efficiency gain(0.3/0.0001)

	
	0.0001
	0.1
	0.01
	0.001
	

	-10
	219
	180.4
	221.19
	219.219
	0.8237

	-9
	219
	145.2
	165.64
	164.164
	0.663

	-8
	132
	113.3
	133.32
	132.132
	0.8583

	-7
	132
	93.5
	104.03
	103.103
	0.7083

	-6
	85
	73.7
	85.85
	85.085
	0.8671

	-5
	67
	60.5
	55.55
	67.067
	0.8291

	-4
	55
	46.2
	55.55
	55.055
	0.84

	-3
	42
	37.4
	42.42
	42.042
	0.8905

	-2
	34
	29.7
	34.34
	34.034
	0.8735

	-1
	34
	24.2
	27.27
	27.027
	0.7118

	0
	27
	19.8
	22.22
	22.022
	0.7333

	1
	22
	16.5
	18.18
	18.018
	0.75

	2
	18
	14.3
	15.15
	15.015
	0.7944

	3
	15
	12.1
	13.13
	13.013
	0.8067

	4
	11
	11
	11.11
	11.011
	1

	5
	11
	9.9
	10.1
	10.01
	0.9

	6
	10
	8.8
	9.09
	9.009
	0.88

	7
	9
	7.7
	8.08
	8.008
	0.8556

	8
	8
	6.6
	7.07
	7.007
	0.825

	9
	6
	6.6
	6.06
	6.006
	1

	10
	6
	5.5
	6.06
	6.006
	0.9167

	11
	6
	5.5
	5.05
	5.005
	0.8342

	12
	5
	5.5
	5.05
	5.005
	1

	13
	5
	4.4
	4.04
	5.005
	0.808

	14
	4
	4.4
	4.04
	4.004
	1

	15
	4
	4.4
	4.04
	4.004
	1

	16
	4
	4.4
	4.04
	4.004
	1
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