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Introduction
This document compares three time domain frame structures from average latency, gap overhead, UE and gNB processing time. Compared time domain frame structure options differs in the number of HARQ process, the order of the channels and the number of DL to UL switching period. 
Discussion
For the design of NR time domain frame structure, following points needs to be evaluated. 
a) average latency
b) gap overhead 
c) UE and gNB processing time
We discuss the case of 15 kHz subcarrier spacing and 1ms boundary as it is the most difficult case because time granularity is the most coarse. In case of higher subcarrier spacing, average latency can be reduced because of the small symbol length. The gap overhead can be minimized with the granularity of the symbol is reduced. UE and gNB processing time could be relaxed because of the reduced transmitted bits within one symbol.
The compared three options are summarized as following.
Option 1) 1 HARQ process within 1ms. 1 DL to UL switching point.
Option 2) 2 HARQ processes within 1ms. 2 DL to UL switching points
Option 3) 2 HARQ processes within 1ms. 1 DL to UL switching point.

Further explanations of three options are following.
Option 1) 1 HARQ process within 1ms. 1 DL to UL switching point.
DL design is 11 symbols for DL data, 1 symbol for DL to UL switching, 1 symbol for ACK/NACK and 1 symbol for gNB processing time of ACK/NACK.


[bookmark: _Ref458178993]Figure 1 Option 1 DL
UL design is 1 symbol for UL assignment, 1 symbol for DL to UL switching, 11 symbols for UL data, 1 symbol for gNB processing time of UL data.


[bookmark: _Ref458178995]Figure 2 Option 1 UL

Option 2) 2 HARQ processes within 1ms. 2 DL to UE switching points
DL design is 2 cycles of 5 symbols for DL data of each HARQ process, 1 symbol for DL to UL switching, 1 symbol for ACK/NACK for each HARQ process.


[bookmark: _Ref458179028]Figure 3 Option 2 DL
UL design is 2 cycles of 1 symbol for UL assignment of each HARQ process, 1 symbol for DL to UL switching, 5 symbols for UL data for each HARQ process.


[bookmark: _Ref458179030]Figure 4 Option 2 UL

Option 3) 2 HARQ processes within 1ms. 1 DL to UL switching point.
DL design is 6 symbols for DL data of HARQ process 1, 5 symbols for DL data of HARQ process 2, 1 symbol for DL to UL switching, 1 symbol for ACK/NACK for HARQ process 1 and 1 symbol for ACK/NACK for HARQ process 2.  


[bookmark: _Ref458179055]Figure 5 Option 3 DL
UL design is 1 symbol for UL assignment of HARQ process 1, 1 symbol for UL assignment of HARQ process 2, 1 symbol for DL to UL switching, 6 symbols for UL data of HARQ process 1 and 5 symbols for UL data of HARQ process 2.


[bookmark: _Ref458179058]Figure 6 Option 3 UL

Table 1 shows the comparison of 3 options. The UE processing time is calculated with timing advance (TA) =0 in Table 1. It means gNB and UE is quite close distance. If TA is not 0, the UE processing time is reduced by TA.  For DL, average latency is the latency from eNB buffer to UE transmits first ACK/NACK. For UL, average latency is the latency from UE buffer to end of UL data. The details of calculation are shown in annex. The red font shows the best option within one criterion.

[bookmark: _Ref458507762]Table 1: Comparison of latency, gap overhead, UE/gNB processing time
	
	Average latency
	Gap overhead
	UE processing time
when TA=0
	gNB processing time 

	DL option 1
	20 symbols
	2 symbols
	1 symbol
	1 symbol

	DL option 2
	10.5 symbols
	2 symbols
	HARQ process 1 : 
1 symbols
HARQ process 2 : 
1 symbols
	HARQ process 1 : 
7 symbols
HARQ process 2 : 
7 symbols

	DL option 3
	14.43 symbols
	1 symbol
	HARQ process 1 : 
6 symbols
HARQ process 2 : 
2 symbols
	HARQ process 1 : 
1 symbols
HARQ process 2 :
6 symbols

	UL option 1
	34 symbols
	2 symbols
	1 symbol
	1 symbol

	UL option 2
	17.5 symbols
	2 symbols
	HARQ process 1 : 
1 symbols
HARQ process 2 : 
1 symbols
	HARQ process 1 : 
7 symbols
HARQ process 2 : 
7 symbols

	UL option 3
	23.14 symbols
	1 symbol
	HARQ process 1: 
2 symbols
For HARQ process 2: 7 symbols
	HARQ process 1:
5 symbols
HARQ process 2:
1 symbols



Observation for self-contained allocation 
Following observation can be made from Table 1.
· Two processes within 1ms can reduce the latency. Option 2 can minimize the latency and option 3 is the second shortest latency. 
· Option 3 can minimize the gap overhead. So the most efficient option. Option 1 requires two symbols gap because 1) DL to UL switching and 2) gNB processing after UL to DL. Option 2 requires two symbols gap because of 2 DL to UL switching period.
· Option 3 has 2 symbols of UE processing time. Option 1 and 2 have only 1 symbol UE processing time.
· Option 2 has the most gNB processing time. Option 1 is always 1 symbol gNB processing time. Option 3 processing time differs depending on HARQ process.
If gNB processing time is not sufficient, gNB can assign the other UEs or gNB can assign the next available period. On the other hand, UE needs to process the assigned request within limited time. Therefore, we prioritize to have the UE processing time. 
Accordingly, gap overhead (= efficiency) and UE processing time is best in option 3. The latency and gNB processing time is second in option 3. Overall, we think option 3 is the best option in evaluated conditions. 
As we wrote, above observation is based on the gap duration of DL to UL switching is one symbol with TA=0. However when TA is longer, one symbol for DL to UL switching is not enough. The exact required gap duration depends on the UE capability of processing time, maximum TBS and TA value. When the required gap for DL to UL switching is longer than one symbol, the data period should be shortened. When data period is shorter than certain value, to have 2 HARQ process like option 2 or option 3 is not attractive because of the control channel overhead of 2 HARQ process. Another case of the demerit of 2 HARQ process is to have DL to UL switching point in the middle of 1ms, which is required for the alignment with the neighbour TDD LTE operation of special subframe configuration [1]. In these conditions like larger gap and/or gap location in the middle of 1ms, not to have 2 HARQ process is better. These conditions could be realized by 1 HARQ process of self-contained allocation or non-self-contained allocation. 
Overall, we propose following. 
Proposal 1:  For 15 kHz subcarrier spacing of self-contained allocation with sufficient DL or UL data length cases, 2 HARQ process within 1ms and 1 DL to UL switching point should be used. In the other cases, 1 HARQ process within 1ms and 0 or 1 DL to UL switching period should be used. 


Conclusion
We propose following.
Proposal 1:  For 15 kHz subcarrier spacing of self-contained allocation with sufficient DL or UL data length cases, 2 HARQ process within 1ms and 1 DL to UL switching point should be used. In the other cases, 1 HARQ process within 1ms and 0 or 1 DL to UL switching period should be used. 

Reference
[1]	R1-167440, NR time domain structure, Panasonic
Annex
Average latency calculation was realized by the following.
DL Option 1 
	14/2 (buffering time)+13 (DL assignment& DL data to ACK/NACK) = 20 symbols
DL option 2
7/2 (buffering time)+7 (DL assignment& DL data to ACK/NACK) = 10.5 symbols
DL option 3
For HARQ process 1 : 8/2 (buffering time) +13 (DL assignment& DL data to ACK/NACK) = 17 symbols
For HARQ process 2 : 6/2 (buffering time) +8 (DL assignment& DL data to ACK/NACK) = 11 symbols
Average   17*(8/14) + 11* (6/14) = 14.43 symbols

For UL, The delay of SR is depends on the design of SR.
UL option 1
14/2 (UL buffer) + 14 (SR) + 13 (UL assignment to end of UL data) = 34 symbols
UL Option 2
	7/2 (UL buffer) + 7 (SR)  + 7 (UL assignment to end of UL data) = 17.5 symbols
UL Option 3
For HARQ process 1 : 8/2 (UL buffer) +11 (SR in HARQ#1 to UL assignment #1)+9 (UL assignment to end of UL data) = 24
For HARQ process 2 : 6/2 (UL buffer) + 6(SR in HARQ#2 to UL assignment #2)+13 (UL assignment to end of UL data) = 22
Average    24*(8/14) +22*(6/14) =23.14 symbols
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