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1. Introduction
At the RAN1 #88 meeting, some agreements on UL scheduling timing with processing time of n+3 for 1ms TTI were achieved as following [1]: 
	[bookmark: _Hlk458157043]Agreements from RAN1#88:
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is defined as follows:
· For TDD configuration 1-5
[image: ]
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· FFS on TDD configuration 0 and 6
· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is down-selected among the below alternatives. 
· For TDD UL/DL configuration 0 and special subframe configuration (SSC) 0-10
[image: ]
· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10

· For TDD UL/DL configuration 6 and special subframe configuration (SSC) 0-10
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· Alt 1: option 1 for SSC 0-9 and option 2 for SSC 10
· Alt 2: option 1 for SSC 0-9 and option 3 for SSC 10
· Alt 3: option 4 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 4: option 5 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10
· Alt 5: option 6 for SSC 0-10
· Note: The timings highlighted in red are only applicable to special subframe configuration 10



In this contribution, we discuss the DL HARQ timing and remaining issues on UL scheduling timing considering both SSC 0-9 and SSC 10 for 1ms TTI with processing timing of n+3.
2. FS1 HARQ/scheduling timing for 1ms TTI with processing time of n+3
Shortened processing time for 1ms TTI is to be supported for FS1, FS2, as part of a WI on shortened TTI and processing time [2], with a certain kind of priority [3]. For FS1, new HARQ/scheduling timing needs to be introduced for 1ms TTI with processing time of n+3. As shown in Fig.1, for a PDSCH/UL grant transmitted in subframe n, the corresponding HARQ-ACK feedback/PUSCH is transmitted in subframe n+3.In this case, the average U-plane latency in downlink and uplink can be reduced to 3.6ms considering 10% BLER.
[image: ]

Fig.1 DL HARQ/UL scheduling timing for n+3 with FS1.
3. FS2 HARQ/scheduling timing for 1ms TTI with processing time of n+3
For 1ms TTI, to support minimum timing of n+3, new HARQ/scheduling timing should be introduced for all the TDD UL-DL configurations. At the last RAN1 meeting, the UL scheduling timing for UL grant to PUSCH for a minimum timing of n+3 for TDD UL-DL configuration 1-5 has been defined. For TDD UL-DL configuration 0 and 6, further down-selection is needed. Besides, no agreement has been made for DL HARQ timing for DL data transmission to HARQ-ACK feedback. Below, we present our views on the design of DL HARQ timing and discuss the remaining issues on UL scheduling timing.
3.1 DL HARQ timing
For DL HARQ timing between PDSCH and corresponding HARQ-ACK, following two design principles can be considered:
· Latency priority
· HARQ-ACK load balance priority
The DL HARQ timing with a minimum time of n+3 considering latency priority and HARQ-ACK load balance priority are shown in Table 1 and Table 2, respectively.
Table 1: DL association set K: {k0, k1, … kM-1} for TDD with the minimum timing of n+3
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6,3
	3
	-
	-
	-
	6,3
	3
	-

	2
	-
	-
	7,6,4,3
	-
	-
	-
	-
	7,6,4,3
	-
	-

	3
	-
	-
	7,6,5,4,3
	3
	3
	-
	-
	-
	-
	-

	4
	-
	-
	11,8,7,6,5,4,3,
	3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12,11,9,8,7,6,5,4,3
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6,3
	3
	3
	-
	-
	-
	3
	-



Table 2: DL association set K: {k0, k1, … kM-1} for TDD with the minimum timing of n+3
	UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6,3
	3
	-
	-
	-
	6,3
	3
	-

	2
	-
	-
	7,6,4,3
	-
	-
	-
	-
	7,6,4,3
	-
	-

	3
	-
	-
	7,6,5
	4,5
	4,3
	-
	-
	-
	-
	-

	4
	-
	-
	11,8,7,6
	6,5,4,3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12,11,9,8,7,6,5,4,3
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Based on the timing above, the average HARQ RTT can be derived for each design principle. In Table 3 and Table 4, the average HARQ RTT with respect to different TDD UL-DL configurations are shown. For comparison, the average HARQ RTT without processing time reduction is also given in these tables.
Table 3: Average HARQ RTT for TDD UL-DL configuration 0 - 6 for n+3 with latency priority.
	Average HARQ RTT
	TDD UL-DL configurations

	
	0
	1
	2
	3
	4
	5
	6

	The value of k
	3
	7.5
	7
	8
	7.43
	8.875
	10.22
	7

	
	4
	10
	10.3
	10.25
	10.3
	11.5
	12.3
	11.8



Table 4: Average HARQ RTT for TDD UL-DL configuration 0 - 6 for n+3 with HARQ-ACK load priority.
	Average HARQ RTT
	TDD UL-DL configurations

	
	0
	1
	2
	3
	4
	5
	6

	The value of k
	3
	7.5
	7
	8
	7.86
	9.25
	10.22
	7.8

	
	4
	10
	10.3
	10.25
	10.3
	11.5
	12.3
	11.8


Comparing Table 3 and Table 4, there is no much difference between the average HARQ RTT of latency priority and that of HARQ-ACK load priority. However, using the HARQ-ACK load priority, lower uplink control overhead can be achieved. Therefore, from the latency and overhead point of view, HARQ-ACK load priority performs better than latency priority. 
Proposal 1:
· For 1ms TTI with shortened processing time, the new DL HARQ timing should take both latency and UCI balancing into consideration. 
· The new DL HARQ timing should be defined based on Table 2.
3.2 Remaining issues on UL scheduling timing 
At the RAN1#88 meeting, some alternatives for UL scheduling timing of TDD UL-DL configuration 0 and 6 were given. Generally, these alternatives can be divided into two types:
· Type 1: common design for UL scheduling timing between SSC0-9 and SSC10
· For TDD UL-DL configuration 0, type 1 includes Alt.3 and Alt.4.
· For TDD UL-DL configuration 6, type 1 includes Alt.3, Alt.4 and Alt.5.
· Type 2: separate design for UL scheduling timing between SSC0-9 and SSC10
· For TDD UL-DL configuration 0, type 2 includes Alt.1 and Alt.2.
· For TDD UL-DL configuration 6, type 2 includes Alt.1 and Alt.2.
To further down-select the possible alternatives, we should first answer whether common design or separate design between SSC0-9 and SSC10 is better for UL scheduling timing. Common design between SSC0-9 and SSC10 simplifies the specification. However, it will bring some disadvantages. On the one hand, in order to support common design between SSC0-9 and SSC10, for TDD UL-DL configuration 0, the transmission opportunity for UL grant will be reduced, since one DL subframe can at most schedule two UL subframes with the introduce of UL index in the UL grant. Taking option 4 as an example, UL grant in DL subframe 1 only can schedule one UL transmission in subframe n+6 for SSC0-9, while if separate design is used, UL grant in DL subframe 1 can schedule two UL transmission in subframe n+5 and n+6. On the other hand, for TDD UL-DL configuration 6, common design between SSC0-9 and SSC10 will lead to either more UL scheduling delay for SSC 10 (e.g., option 4 and option 5) or more standardization efforts (e.g., option 6). For option 4 and option 5, the average scheduling delay for option 4 and option 5 is 4.4ms and 4.71ms for SSC10, respectively. However, for separate design, both the average scheduling delay in option 2 and option 3 are 4.14ms. For option 6, it needs to introduce UL index in UL grant even for SSC0-9, since UL grant in subframe 1 will schedule two UL transmission. While for separate design, i.e., option 1 for SSC0-9, no need to introduce UL index for SSC0-9 since one DL subframe only schedules on UL subframe. Considering above disadvantages caused by the common design, we prefer separate design for UL scheduling timing between SSC0-9 and SSC10.
Proposal 2:
· Separate design for UL scheduling timing between SSC0-9 and SSC10 is supported.
For separate design, there are still two alternatives, Alt.1 and Alt.2 for TDD UL-DL configuration 0 and 6. In the following, the UL scheduling timing design for SSC0-9 and SSC10 in Alt.1 and Alt.2 are discussed. For SSC0-9, only option 1 is left for SSC0-9 for both TDD UL-DL configuration 0 and 6 which follows the same design principle for legacy LTE, i.e., earlier UL grant for earlier PUSCH transmission. The UL scheduling timing for SSC0-9 for TDD UL-DL configuration 0 and 6 with minimum timing of n+3 are shown in Table 5-1 and Table 5-2 respectively, where the UL grant scheduling PUSCH transmission in UL subframe n+k is transmitted in DL subframe n.
Table 5-1: k for TDD UL-DL configuration 0 for the minimum timing of n+3 for SSC0-9
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,4
	3,6
	-
	-
	-
	3,4
	3,6
	-
	-
	-



Table 5-2: k for TDD UL-DL configuration 6 for the minimum timing of n+3 for SSC0-9
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	4
	6
	-
	-
	-
	3
	6
	-
	-
	4



For SSC10, the left options can be further divided into two types: 
Type 1: Follow the principle of earlier UL grant for earlier PUSCH transmission. The corresponding UL scheduling timing for TDD UL-DL configuration 0 and 6 are shown in Table 6-1 and Table 6-2, respectively which are corresponding to option 2 for TDD UL-DL configuration 0 and option 3 for TDD UL-DL configuration 6 agreed at last meeting.

Table 6-1: k for TDD UL-DL configuration 0 for the minimum timing of n+3 for SSC10
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,4
	5,6
	-
	-
	-
	3,4
	5,6
	-
	-
	-


Table 6-2: k for TDD UL-DL configuration 6 for the minimum timing of n+3 for SSC10
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	3,4
	5,6
	-
	-
	-
	3
	5
	-
	-
	3



Type 2: Not follow the principle of earlier UL grant for earlier PUSCH. The corresponding UL scheduling timing for TDD UL-DL configuration 0 and 6 are shown in Table 7-1 and Table 7-2, respectively which are corresponding to option 3 for TDD UL-DL configuration 0 and option 2 for TDD UL-DL configuration 6 agreed at last meeting.

Table 7-1: k for TDD UL-DL configuration 0 for the minimum timing of n+3 for SSC10
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3,6
	3,6
	-
	-
	-
	3,6
	3,6
	-
	-
	-


Table 7-2: k for TDD UL-DL configuration 6 for the minimum timing of n+3 for SSC10
	UL/DL
Configuration
	　Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	3,6
	3,6
	-
	-
	-
	3
	5
	-
	-
	3



Comparing Type 1 and Type 2, the average scheduling time are the same. However, there is no strong motivation to break the design principle of legacy LTE since the scheduling information would be more accurate if the time gap between the UL grant and the UL data transmission is smaller. Therefore, we prefer to follow the principle of legacy LTE to design the UL scheduling timing for TDD UL-DL configuration 0 and 6.

Proposal 3:
· For 1ms TTI with shortened processing time, the UL scheduling timing should follow the same principle of legacy LTE:
· For TDD UL-DL configuration 0 and special subframe configuration (SSC) 0-10, Alt.1 is supported.
· For TDD UL-DL configuration 6 and special subframe configuration (SSC) 0-10, Alt.2 is supported.
4. Conclusion
In this contribution, we discussed HARQ and scheduling aspects for shortened processing time for 1ms TTI, and made following proposals: 
Proposal 1:
· For 1ms TTI with shortened processing time, the new DL HARQ timing should take both latency and UCI balancing into consideration. 
· The new DL HARQ timing should be defined based on Table 2.

Proposal 2:
· Separate design for UL scheduling timing between SSC0-9 and SSC10 is supported.

Proposal 3:
· For 1ms TTI with shortened processing time, the UL scheduling timing should follow the same principle of legacy LTE:
· For TDD UL-DL configuration 0 and special subframe configuration (SSC) 0-10, Alt.1 is supported.
· For TDD UL-DL configuration 6 and special subframe configuration (SSC) 0-10, Alt.2 is supported.
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