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Introduction
In this contribution, we will first evaluate whether the NR user plane latency can be met based on the NR latency requirement and then address the potential latency enhancements.
Discussion
NR latency requirement
According to [1], the NR latency requirement is as below:
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.

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.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.
NOTE2:	For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
When a satellite link is involved in the communication with a user equipment, the target for user plane RTT can be as high as 600ms for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems.
NOTE3:	For the satellite case, the evaluation needs to consider the max RTT that is associated with the GEO satellite systems. 

For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state.
For the definition above, the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum MCL (164dB).


According to the above latency requirement for URLLC, eMBB and mMTC, it is obvious mMTC is delay-tolerate traffic. Hence the NR latency evaluation and potential enhancements should mainly focus on eMBB and URLLC.
Proposal 1: NR latency evaluation and enhancement should mainly focus on eMBB and URLLC. 
NR latency evaluation
The NR latency evaluation can be performed for DL and UL separately. Considering the NR AS network has two level architectures: CU and TRP. The latency between CU and TRP can be ideal or non-ideal. If it is ideal, the latency between CU and TRP can be regarded to be 0ms; if it is non-ideal, it may be as high as a few tens of milliseconds. When performing NR latency evaluation, we suggest that the latency between CU and TRP is not considered.
Proposal 2: When evaluating the NR DL/UL user plane latency, the latency between CU and TRP is not included.

1) DL latency evaluation
In LTE, the DL latency is evaluated based on the following figure:







                                                Figure-1  	LTE DL latency evaluation
The LTE DL latency is calculated based on the following formula:
DUP[ms]=1.5+1+1.5+n*8(n=0.1)=4.8ms
For NR, the DL latency can also be analyzed based on the above figure and formula, but with some parameters change:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]Considering the self-contained structure, the eNB and UE processing latency can be all assumed to be 0.1ms to one NR slot. Considering LTE eNB and UE processing latency is 3ms, if NR using 0.1ms for evaluation, it means the UE and eNB processing latency should be reduced by (3-0.1)/3=97%. It is too restrictive for UE and eNB implementation. Hence, we can use one NR slot for evaluation.
· The HARQ RTT can be assumed to be one or two slots. In the following evaluation, we will use one slot.
· The TTI length can be changed from 0.1ms to one slot. In the following evaluation, we will use 0.1ms. 
The NR slot is under RAN1 discussion with two most probable values are 0.5 and 1 ms.  
                                                          Table-1  LTE DL latency evaluation
	
	Value 1(ms)
· Slot=0.5ms
	Value 2 (ms)
· Slot=1ms

	eNB processing time
	0.5
	1

	TTI
	0.1
	0.5

	UE processing time
	0.5
	1

	HARQ latency
	0.1*0.5
	0.1*1

	DUP(ms)
	1.15
	2.6



Observation 1: The DL latency of eMBB can be met, but there is risk that the latency of URLLC cannot be met.

2) UL latency evaluation
The LTE UL latency is based on the following table:
Table-1  	LTE UL latency analysis
	Step 
	Description 
	Delay 

	1. 
	Average delay to next SR opportunity 
	SR periodicity/2   

	2. 
	UE sends SR 
	1 TTI 

	3. 
	eNB decodes SR and generates scheduling grant 
	3 TTI  

	4. 
	Transmission of scheduling grant (assumed always error free) 
	1 TTI 

	5. 
	UE processing delay (decoding Scheduling grant + L1 encoding of data) 
	3 TTI 

	6. 
	UE sends UL transmission 
	(1 + p*8) TTI where p is initial BLER. 

	7. 
	eNB receives and decodes the UL data 
	1.5 TTI  



For NR, the UL latency can also be analyzed based on the above figure and formula, but with some parameters change:
Using the same reasoning as for the DL analysis, we can use one NR slot for evaluation, one NR slot for HARQ RTT, and a 0.1ms TTI.
                                                 Table-2	 LTE UL latency evaluation
	
	Value 1(ms)
· Slot=0.5ms
· SR=0.2ms
	Value 2 (ms)
· Slot=1ms
· SR=0.2ms

	Average delay to next SR opportunity 
	0.1
	0.1

	UE sends SR 
	0.1
	0.1

	eNB decodes SR and generates scheduling grant 
	0.5
	1

	Transmission of scheduling grant (assumed always error free) 
	0.1
	0.1

	UE processing delay (decoding Scheduling grant + L1 encoding of data) 
	0.5
	1

	UE sends UL transmission 
	(1+0.1*0.5)*0.1=0.105
	(1+0.1*1)*0.1=0.11

	eNB receives and decodes the UL data 
	0.25
	0.5

	UUP(ms)
	1.605
	2.91



Observation 2: the UL latency of eMBB can be met, but there is risk that the latency of URLLC cannot be met.
Based on observation 1&2, it can be seen that for NR, only UL/DL latency enhancement for URLLC should be considered.
Proposal 3: For NR, user plane latency enhancement for URLLC should be considered.
NR latency optimization
There are four possible methods to optimize the NR user plane latency for URLLC, listed below. They can be used jointly to achieve better latency performance.
· Optimizing the UP stack
For URLLC, in order to reduce the user plane latency, some optimization on the user plane protocol stack can be considered. e.g., omit the segmentation, concatenation and ARQ functions.
· Introducing bearer duplication
In order to reduce the user plane latency and ensure its reliability at the same time, bearer duplication should be introduced, which aims at transmitting the same packet through different paths. It can reduce the HARQ latency. 
· Using grant-free scheduling
Using grant-free scheduling can reduce the user plane latency between SR request and resource allocation for UL data. With the introduction of grant-free scheduling, the contention resolution for collided UL transmission should be considered.
· Using shorter TTI
Using shorter TTI can reduce the latency for data transmission.
Proposal 4: The following user plane latency enhancements can be considered for URLLC:
      1) Optimizing the UP stack;
      2)  Introducing bearer duplication;
      3)  Using grant-free scheduling;
      4)  Using shorter TTI.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: NR latency evaluation and enhancement should mainly focus on eMBB and URLLC. 
Proposal 2: When evaluating the NR DL/UL user plane latency, the latency between CU and TRP is not included.
Proposal 3: For NR, user plane latency enhancement for URLLC should be considered.
Proposal 4: The following user plane latency enhancements can be considered for URLLC:
      1) Optimizing the UP stack;
      2)  Introducing bearer duplication;
      3)  Using grant-free scheduling;
      4)  Using shorter TTI.
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