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1 Introduction
The process timing reduction for 1 ms TTI operation has been agreed [1] in the RAN#72 meeting and some agreements have been made in the RAN1#86 meeting [2] as following:
Agreement:
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

In this contribution, we further discuss the new DL HARQ and UL scheduling timing relations for FS2. 
2 New DL HARQ and UL scheduling timing relations for FS2
2.1 Downlink HARQ
In legacy 1ms TTI operation, the eNB transmits PDSCH in subframe (n-k) and UE feeds back HARQ-ACK in subframe n. For FS1, the value of k is fixed to 4, while for FS2, the value of k depends on the uplink-downlink configuration and the subframe number n. 
For reduced processing time with 1ms TTI, the following two options can be considered to determine the value k:
· Option 1: determine the k value according to some pre-defined tables. This option is more suitable with a semi-statically configured minimal k value. Once one minimal k value is configured, we can determine the k value according to the associated pre-defined table.
· Option 2: determine the k value according to some dynamic signaling. This option gives the eNB flexibility to configure the HARQ feedback resource dynamically. When eNB indicates the PDSCH transmission by DL Grant in TTI (n-k), a HARQ-ACK feedback resource indication is also given to indicate the UE to feed back the HARQ-ACK in TTI n. No additional pre-defined tables are needed for the index of k. 
Proposal 1: To determine the timing k from the PDSCH transmission to the HARQ-ACK, the following two options can be considered: 
· Option 1: k is determined according to some pre-defined tables;
· Option 2: k is determined according to some dynamic signaling.
If option 1 is adopted, the methodology in legacy LTE can be reused to determine the timing k from PDSCH transmission to HARQ-ACK. The difference is that the minimum processing time (i.e. kmin) will be variable or configurable, depending on the UE ability. To harvest the scheduling flexibility and HARQ time reduction benefits, multiple k values can be used to FS2.  For downlink HARQ the k can be 3 and 4 for reduced processing time or legacy processing time. 
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Figure 1: legacy FS2 uplink-downlink configurations
For kmin = 3, we propose that the HARQ assigned to a UE in subframe n is associated with the PUSCH transmission in the subframe (n-k) as indicated by the following Table 1.
Table 1: Downlink association set index
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 for FS2, kmin=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
	5,4
	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
	-


Proposal 2:  If the timing k from the PDSCH transmission to the HARQ-ACK is determined by pre-defined table, adopt Table 1 to determine k.
2.2 UL scheduling timing
In legacy 1ms TTI operation, the uplink HARQ is synchronous. After receiving the UL grant or NACK in TTI n, the UE (re)transmits PUSCH in TTI n+k. For FS1, k is fixed to 4; for FS2, k depends on the TDD UL/DL configuration and subframe n. The timing from UL grant or ACK/NACK to PUSCH new transmission or retransmission is fixed. 
For reduced processing time with 1ms TTI, the following two options can be considered to determine the value k, which are similar to those in section 2.1 for downlink HARQ timing.
· Option 1: determine the k value according to some pre-defined tables. 
· Option 2: determine the k value according to some dynamic signaling. 
Proposal 3: To determine the timing k from UL Grant to PUSCH transmission, the following two options can be considered: 
· Option 1: k is determined according to some pre-defined tables;
· Option 2: k is determined according to some dynamic signaling indication.
If option 1 is adopted, the methodology of legacy LTE can be re-used to determine the timing k from UL grant to PUSCH transmission. The following Table 2 is an example to determine the k index for kmin=3 for UL grant in TTI n to uplink PUSCH in TTI (n+k). Compared to proposals in last meeting, the scheduling of PUSCH in UpPTS is also considered in Table 2.
Table 2: k for FS2 configurations 0-6 kmin=3
	FS2 UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

	1
	3
	5
	
	
	3
	3
	5
	
	
	3

	2
	
	
	
	3
	3
	
	
	
	3
	3

	3
	3
	3
	
	
	
	
	
	
	3
	3

	4
	3
	
	
	
	
	
	
	
	3
	3

	5
	
	
	
	
	
	
	
	
	3
	3

	6 with ssf cfg 0~9
	4
	6
	
	
	
	3
	6
	
	
	4

	6 with ssf cfg 10
	3,6
	3,6
	
	
	
	3
	5
	
	
	3


Notes: the blue number in Table 2 denote k for PUSCH on UpPTS with special subframe configuration 10.
Proposal 4: If the timing k from the UL grant to the PUSCH transmission is determined by pre-defined table, adopt Table 2 to determine k.

3 Conclusions

In this contribution, we further discuss the processing time reduction and new HARQ scheduling timing for FS2. From the discussion, we have the following conclusions: 

Proposal 1: To determine the timing k from the PDSCH transmission to the HARQ-ACK, the following two options can be considered: 
· Option 1: k is determined according to some pre-defined tables;
· Option 2: k is determined according to some dynamic signaling.
Proposal 2:  If the timing k from the PDSCH transmission to the HARQ-ACK is determined by pre-defined table, adopt Table 1 to determine k.
Proposal 3: To determine the timing k from UL Grant to PUSCH transmission, the following two options can be considered: 
· Option 1: k is determined according to some pre-defined tables;

· Option 2: k is determined according to some dynamic signaling indication.
Proposal 4: If the timing k from the UL grant to the PUSCH transmission is determined by pre-defined table, adopt Table 2 to determine k.
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