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Introduction
In RAN Study Item [1], latency requirements for URLLC are defined as follow:
· For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture. 
· A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.

In RAN1 #86 [2], the following agreement has been made:
Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded 

In this contribution, we analyze transmission latency for grant-based and grant-free UL transmission for URLLC assuming the NR frame structure [3]. 
Overview
UL grant-based transmission
An overview of UL grant-based transmission is shown in Figure 1. For UL grant-based transmission, a UE with data to send must send a Scheduling Request (SR) and receive a scheduling grant before transmitting the data packet. In order to send a SR it must wait for a SR-valid resource and a corresponding scheduling grant transmitted to the UE in response. When the grant is decoded, the data transmission can start. The gNB decodes the data and determines whether the data is correct or not. If not, gNB can generate and send NACK to UE. When the NACK is decoded, the data retransmission can start.


Fig.1: An overview of UL grant-based transmission
The delay components of an UL grant-based transmission are shown in Table 1. 

Table 1 Transmission latency components of UL grant-based transmission 
	Component
	Description
	Duration (TTI)

	1
	Average waiting time for SR opportunity 
	


	2
	UE sends SR
	


	3
	gNB decodes SR and generates the Scheduling Grant
	


	4
	Transmission of Scheduling Grant
	


	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	


	6
	Transmission of UL data
	


	7
	Data decoding in gNB and HARQ NACK/ACK generation
	


	
	Total delay for 1 transmission
	


	8
	Transmission of HARQ NACK/ACK
	


	9
	UE Processing Delay (decoding of NACK/ACK + L1 encoding of retransmission)
	


	10
	Retransmission of UL data
	


	11
	Data decoding in gNB
	


	
	Total delay for 1 transmission and 1 retransmission 
	




UL grant-free transmission
An overview of UL grant-free transmission is shown in Figure 2. A UE with data to send can immediately start UL transmission at the next valid UL transmission opportunity without the scheduling request and grant signalling overhead of grant-based transmission. The HARQ processing is the same as that of grant-based scheme.


Fig.2: An overview of UL grant-free transmission
For an UL grant-free transmission, the components contributing to transmission latency are shown in Table 2. 

Table 2 Transmission latency components for UL grant-free transmission 
	Component
	Description
	Duration (TTI)

	1
	Average waiting time for UL transmission opportunity (1 TTI contention-based UL access period)
	


	2
	Transmission of UL data
	


	3
	Data decoding in gNB and HARQ NACK/ACK generation
	


	
	Total delay for 1 transmission
	


	4
	Transmission of HARQ NACK/ACK
	


	5
	UE Processing Delay (decoding of NACK/ACK + L1 encoding of retransmission)
	


	6
	Retransmission of UL data
	


	7
	Data decoding in gNB
	


	
	Total delay for 1 transmission and 1 retransmission 
	




Analysis on transmission latency for an UL transmission 

In this section, we will investigate the transmission latency for both UL grant-based and grant-free transmission with the assumption of 15 kHz subcarrier spacing interval and NR TTI duration of 1 ~2 OFDM symbols, where the duration of 1 OFDM symbol with normal CP is (144+2048)Ts  71.354us [3].
 
Transmission latency of an UL grant-based transmission 
One transmission

For grant-based transmission, with the aforementioned transmission latency components in Table 1, we can calculate the total delay for one transmission  as

.          (1)

When SR period is 1 TTI, we can obtain . 
Follow the same latency assumption as in LTE latency reduction (LR) study [5], we have 

.                                                 (2)
The total latency of the initial transmission for UL grant-based transmission is 12.5 TTIs. 

.                                                (3)

Assuming NR processing is faster than in LTE, e.g. assuming , the latency can be reduced to 8.5 TTIs. 

.                                                (4)
When NR TTI duration is 1 OFDM symbol, 


, with                   (5)
and 


, with                      (6)
When NR TTI duration is 2 OFDM symbols, 


, with                       (7)
and 


, with                         (8)
Based on the above calculation, 0.5ms delay requirement cannot be met for neither 1 nor 2 OFDM symbol TTI duration even assuming reduced processing time in NR and one transmission exceeds 1ms delay requirement when NR TTI is 2 OFDM symbols.
One transmission and one retransmission 
If a HARQ processing is considered to enhance the reliability of UL transmission, the procedures is shown as the Fig.1 and the components contributing to latency is list as the Table 1. 
The HARQ RTT can be calculated as

.                                               (9)
Follow the same latency assumption of HARQ retransmission as in LTE-FDD system, we have,

.                               (10)



Then . If we assume reduce processing time in gNB, e.g., then .
In addition, considering the impact of initial block error rate (BLER) to transmission latency, the total delay with HARQ retransmission is calculated as

,                                                (11)


where is BLER of the initial transmission. When , the total delay with 1 transmission and 1 retransmission can be calculated as follows.



CASE1: , , :

             (12)



CASE2: ,, :

       (13)



CASE3: , , :

         (14)



CASE4: , ,:

       (15)

It is observed that HARQ cannot be supported for UL grant-based transmission within 0.5 ms latency requirement. For 1ms latency requirement, 1 retransmission can be supported for 1 OFDM symbol TTI only.
We can get the observation1 based on the above calculations.
· Observation 1: The UL grant-based transmission cannot meet the requirement of the target for user plane latency for URLLC.
Transmission latency of an UL grant-free transmission 
One transmission

For grant-free transmission, with aforementioned transmission latency components in Table 2, we can calculate the total delay for one transmission  as

                                                     (16)

When UL access opportunity period is 1 TTI, we can obtain . Follow the same latency assumption as in LTE latency reduction (LR) study [5], we have 

.                                                         (17)
The total latency of the initial transmission for UL grant-free transmission is 4.5 TTIs.

.                                                       (18)

Assuming NR processing is faster than in LTE, e.g. assuming , the latency can be reduced to 2.5 TTIs.

.                                                       (19)
When NR TTI duration is 1 OFDM symbol, 


, with                                   (20)
and 


, with                                  (21)
When NR TTI duration is 2 OFDM symbols, 


, with                                       (22)
and 


, with                                       (23)

One transmission and one retransmission 

For an UL grant-free transmission in [4], a HARQ processing procedures is shown as the Fig.2 and the components contributing to latency is list as the Table 2. 
The HARQ RTT is can be calculated as

                                                (24)
Follow the same latency assumption of HARQ retransmission as LTE-FDD system, we have,

                          (25)



Then . If we assume reduce processing time in gNB, e.g.  then .
Similarly, considering the impact of initial BLER to transmission latency, the total delay with HARQ retransmission is calculated based on the following formula,

,                                                             (26)



where is block error rate (BLER) of the initial transmission. When , the total delay with 1 transmission and 1 retransmission can be calculated as follows.



CASE1: , , : 

             (27)



CASE2: ,, :

           (28)



CASE3: , , :

             (29)



CASE4: , ,:

          (30)
It is observed that HARQ can be supported for UL grant-free transmission within 1 ms latency requirement. For 0.5 ms latency requirement, 1 retransmission can be supported for 1 OFDM symbol TTI.
We can get the observation2 based on the above calculations.
· Observation 2: The UL grant-free transmission can meet the requirement of the target for user plane latency for URLLC.

Summary
With aforementioned analysis of transmission latency for UL grant-based and grant-free transmission, all the cases are summarized in Table 3. 

Table 3. The total transmission latency for UL grant-based and grant-free transmission 
	Scheme
	Case
	HARQ RTT (TTI)
	gNB processing duration
(TTI)
	TTI
(OFDM symbol)
	Total delay with 1 transmission (ms)
	Total delay with 1 transmission and 1 retransmission (ms)

	grant-based transmission
	1
	6
	1
	1
	0.61
	0.65

	
	2
	6
	1
	2
	1.21
	1.30

	
	3
	8
	3
	1
	0.89
	0.95

	
	4
	8
	3
	2
	1.78
	1.90

	grant-free transmission
	1
	6
	1
	1
	0.18
	0.22

	
	2
	6
	1
	2
	0.36
	0.44

	
	3
	8
	3
	1
	0.32
	0.38

	
	4
	8
	3
	2
	0.64
	0.76




From the Table 3 we can see that, with grant-based transmission, only case 1 and case 3 can meet the target for user plane latency that should be 1ms for UL for the URLLC with . In contrast, with the grant-free transmission, all four cases can meet the latency target for URLLC.
Thus, the UL grant-based transmission cannot meet the requirement of the target for user plane latency for URLLC. On the contrary, the UL grant-free transmission can meet the requirement of the target for user plane latency for URLLC.
· Proposal 1: The UL grant-free transmission should be supported for URLLC.

Conclusion
In this contribution, we share the analysis on transmission latency for UL grant-based and grant-free transmission for URLLC.
Our observations and proposals are as follows:
· Observation 1: The UL grant-based transmission cannot meet the requirement of the target for user plane latency for URLLC;
· Observation 2: The UL grant-free transmission can meet the requirement of the target for user plane latency for URLLC;

· Proposal 1: The UL grant-free transmission should be supported for URLLC.
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