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[bookmark: _Toc516617882][bookmark: _Toc516619065]5.7	Latency
[bookmark: _Toc516617883][bookmark: _Toc516619066]5.7.1	User plane latency
As defined in Report ITU-R M.2410, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). 
[bookmark: _Toc516617885][bookmark: _Toc516619068]5.7.1.1	NR
[Discussion points:
1. UP Procedure for NR 
Summary: The evaluation of NR is based on the following procedure.
[image: ]
Figure 1 Example user plane procedure for evaluation
2. Packet arrival assumption
Summary: Adopt the assumption of “the packet arrives at any timing of any OFDM symbol”, and the 0.5symbol length is added ONLY ONCE as the “average symbol alignment time” at the beginning of the procedure. After that, if the end of one step is at the middle of the OFDM symbol, we will count the exact remaining time as symbol alignment time before the next step.
In this case, the difference of evaluation result of “the packet arrives at any timing of any OFDM symbol” and “the packet arrives at the starting of any OFDM symbol” is 0.5symbol length.
3. Parameters assumption for each step of DL and UL procedure
Summary: the following table can be used.
Table 1 UL user plane procedure
	Step
	Component
	Notations
	Value

	1
	UL data transfer
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx
	

	1.1
	UE processing delay
	tUE,tx
The time interval between the data is arrived, and packet is generated; 
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2,1= d2,2= d2,3=0

	1.2
	UL Frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for next available UL slot 
	TFA + Twait,
TFA is the frame alignment time within the current UL slot, see Discussion point 5 for details on how we obtain TFA; [Further clarification]: for the first transmission, frame alignment time includes the waiting time for the starting symbol (see below).
Twait is the waiting time for next available UL slot if the current slot is not UL slot.

	1.3
	TTI for UL data packet transmission
	tUL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	BS processing delay
	tBS,rx 
The time interval between the PUSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”; It is assumed that BS processing delay is equal to UE processing delay as for PDSCH

	2
	HARQ retransmission
	THARQ = T2 + T1
T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx (For Steps 2.1 to 2.4)
	

	2.1
	BS processing delay
	tBS,tx 
The time interval between the data is decoded, and PDCCH preparationACK/NACK packet is generated
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot 
	TFA + Twait,
TFA is the frame alignment time within the current DL slot, see Discussion point 5 for details on how we obtain TFA; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot; 

	2.3
	TTI for ACK/NACKPDCCH transmission
	tDL_duration
	1 OFDM symbols for PDCCH scheduling the retransmission.

	2.4
	UE processing delay
	tUE,rx 
The time interval between the ACK PDCCH is received and the ACK is decoded.
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2,1= d2,2= d2,3=0 

	2.5
	Repeat UL data transfer from 1.1 to 1.4
	T1
	

	
	Total one way user plane latency for UL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)



[Further clarification]: The grant free transmission can use the following start symbols:
a) For 2-symbol PUSCH, the start symbol can be symbols {0,2,4,6,8,10,12} for PUSCH resource mapping type B
b) For 4-symbol PUSCH, the start symbol can be:
i. For PUSCH resource mapping type B: symbols {0,7} 
ii. For PUSCH resource mapping type A: symbol 0;
c) For 7-symbol PUSCH, the start symbol can be:
i. For PUSCH resource mapping type B: symbols {0, 7}
ii. For PUSCH resource mapping type A: symbol 0;
d) For 14-symbol PUSCH, the start symbol can be at symbol #0 for PUSCH resource mapping type A and B.

Table 2 DL user plane procedure
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx
	

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Tproc,2/2, with d2,1= d2,2= d2,3=0. 

	1.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot
	TFA + Twait,
TFA is the frame alignment time within the current DL slot, see Discussion point 5 for details on how we obtain TFA; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot. 

	1.3
	TTI for DL data packet transmission
	tDL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2
	HARQ retransmission
	THARQ = T1 + T2
T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx (For Steps 2.1 to 2.4)
	

	2.1
	UE processing delay
	tUE,tx 
The time interval between the data is decoded, and ACK/NACK packet is generated.
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2.2
	UL frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for the next available UL slot
	TFA + Twait,
TFA is the frame alignment time within the current UL slot, see Discussion point 5 for details on how we obtain TFA; 
Twait is the waiting time for next available UL slot if the current slot is not UL slot

	2.3
	TTI for ACK/NACK transmission
	tUL_duration
	1 OFDM symbol as starting point;

	2.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is  received and the ACK is decoded.
	Tproc,12/2 with d2,1= d2,2= d2,3=0.

	2.5
	Repeat DL data transfer from 1.1 to 1.4
	T2
	

	-
	Total one way user plane latency for DL
	TUP= T2 + n×THARQ
where n is the number of re-transmissions (n≥0)



NOTE: UE processing capability 1 and 2 are considered for both UL and DL.
[Further clarification]:
If TDD 30kHz SCS + SUL 15kHz SCS is evaluated, the value of  in Step 1.1, 1.4, etc. needs to be considered. Current consideration is as follows for DL procedure.
	ID
	Component
	Notations
	Value

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Initial transmission: Tproc,2 =30kHz) / 2. 
(This step is for preparing the packet. In initial transmission case, it is fair to assume the same capability as the BSs in TDD band only case.)

Re-transmission: Tproc,2 =15kHz) / 2.
(It is noted that the re-transmission is after Step 2.4. In this case, Step 2.4 + Step 1.1 = Tproc,2 =15kHz) )

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1 =30kHz)/2.
(For this step, the UE is processing PDSCH reception on TDD band with 30kHz SCS; it is fair to assume the same capability as the UEs in TDD band only case.)

	2.1
	UE processing delay
	tUE,tx 
The time interval between the data is decoded, and ACK/NACK packet is generated.
	Tproc,1( =15kHz) - Tproc,1( =30kHz)/2

(In this case, Step 1.4+Step 2.1 = Tproc,1( =15kHz))

	2.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is received and the ACK is decoded.
	Tproc,2( =15kHz)/2




4. Slot based / non-slot based scheduling

Summary: the PDSCH/PUSCH allocation (transmission duration) of 2/4/7/14-os non-slot or slot can be employed.
· If the evaluation is for 14 OFDM Symbol length slot, then slot based scheduling is used. 
· Otherwise non-slot based scheduling is used. 
For PDSCH, it is assumed that the first OFDM symbol of PDSCH is frequency multiplexed with the PDCCH that schedules the PDSCH. So the PDSCH allocation length already includes the PDCCH that schedules the PDSCH.
A mapping of slot length and resource mapping type is shown below.
	
	Non-slot or slot length
(Number of OFDM symbols requested by data transmission, including PDCCH symbol)
	Resource mapping type
	Scehduling

	
	
	Type A
	Type B
	

	PDSCH (for DL UP latency)
	2
	-
	Yes
	Non-slot based

	
	4
	Yes
	Yes
	Non-slot based

	
	7
	Yes
	Yes
	Non-slot based

	
	14
	Yes
	-
	Slot based

	PUSCH (for UL UP latency)
	2
	-
	Yes
	Non-slot based

	
	4
	Yes
	Yes
	Non-slot based

	
	7
	Yes
	Yes
	Non-slot based

	
	14
	Yes
	Yes
	Slot based



The evaluation cases need to be considered.
5. [bookmark: _Ref517321025]How to calculate frame alignment time and waiting time
a) Slot boundary issue Slot aggregation issue for frame alignment for step 1.2 and 2.2

Summary: The transmission of PDCCH, PDSCH, PUCCH, PUSCH cannot be across the slot. Otherwise the transmission will wait for the next slot.
b) Resource mapping type
Summary: The resource mapping type A and B are considered. 
Frame alignment time of PDCCH in Step 2.3 for UL data transfer needs to be considered separately. For UL UP latency evaluation, the same resource mapping type as PUSCH is assumed for PDCCH in Step 2.3. 
Frame alignment time of PUCCH in Step 2.3 in DL data transfer needs to be considered separately. For DL UP latency evaluation, the PUCCH is assumed to be able to be transmitted at every OFDM symbol. However, the transmission cannot be across the slot boundary.
If the end of one step is at the middle of one OFDM symbol, one needs to count the remaining time of the OFDM symbol as “symbol alignment time”.
c) PDCCH monitoring occasions
Summary: PDCCH monitoring occasion option:
· Option 1: PDCCH monitoring occasion occurs at every OFDM symbol. In this case, the PDCCH has the possibility to be transmitted at every OFDM symbol. It is further decided by the PDSCH resource mapping type.
· Option 2: PDCCH monitoring occasion occurs periodically, e.g., every 2/4/7/14 OFDM symbols (may depend on the selected slot/non-slot length in the evaluation). 
· When the periodicity is 4 symbols, we can set the monitoring occasions on {0,3,7,10} (it is not strictly 4 symbol period).
Option 1 is beneficial for reduction of latency. Option 2 is beneficial for UE processing and potential energy saving. 

Summary: Considering the above three items: a) transmission cannot be across the slot boundary; b) resource mapping type; c) PDCCH monitoring occasion, the frame alignment time can be as follows.
For PDSCH/PUSCH/PDCCH,
· For resource mapping Type B, the transmission can start immediately if it is currently in OFDM symbol#0~#12 (for PDSCH) or #0~#13 (for PUSCH) of the slot, AND if PXSCH allocation does not cross slot boundary, and, (for PDCCH and PDSCH only) PDCCH monitoring occasion occurs. In this case, frame alignment time is 0. Otherwise, 
· If PXSCH allocation crosses slot boundary, one needs to wait for next slot. The frame alignment time equals to the number of OFDM symbols between the current OFDM symbol and OFDM symbol#0 of the next slot (note that waiting time is accounted separately, and therefore it should be “the next slot”, NOT the next available DL/UL slot); 
· else
· If PDCCH monitoring occasion does not occur, one needs to wait for the next PDCCH monitoring occasion symbol. The frame alignment time equals to the number of OFDM symbols between the current OFDM symbol and OFDM symbol where the next PDCCH monitoring occasion occurs.
· For resource mapping Type A, the transmission can start immediately if it is currently in OFDM symbol #0~#3 (for PDSCH) or #0 (for PUSCH) of the slot, AND if PXSCH allocation does not cross slot boundary, and, (for PDCCH and PDSCH only) PDCCH monitoring occasion occurs. In this case, frame alignment time is 0. Otherwise, the same frame alignment time calculation as in resource mapping type B applies.
d) How to calculate waiting time
Summary: To simplify, the following waiting time definition can be made:
· Waiting time is 0 if the current slot when the transmission is requested is the available slot, AND the transmission duration does not cross the slot boundary. 
· Otherwise, the waiting time is the time between the end of current slot and the first available symbol at next available slot (symbol #0 for normal slot, symbol #X for special slot).
Both average and best case can be considered. Average would apply for eMBB target of 4 ms, and best case can be considered for URLLC target of 1 ms.
6. Which target HARQ BLER for evaluation? 0.1? 1E-5 (for URLLC)?

Summary: Can be further considered. One thinking is to show the results under different target BLER for the first transmission, e.g., 99%, 99.9%,… 99.999%
3GPP
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