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1
Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI has been approved in [3]. The main objectives of the WI in [3] are given by: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives are:

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
In RAN1#86 there was further progress related to reduced processing times for FS2:
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

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

Finally, RAN1#86bis concluded that operation with shortened processing times is limited to n+3 timing. 
In this contribution, we present our considerations on UL Scheduling timing with reduced processing times for 1-ms TTI and Frame Structure 2, taking into account especially the points above.

2
UL Scheduling Timing

Similar principle is applicable for UL grant – to – PUSCH transmission as well. The UL scheduling delays for legacy LTE are defined in 36.213, Table 8-2. Considering the PUSCH transmission in UpPTS, the updated table 8-2 is shown in Table 4 below.   
Table 1: (updated Table 8-2) k for TDD configurations 0-6

	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4 , 7
	5,7
	
	
	
	4 , 7
	5,7
	
	
	

	1
	6
	6
	
	
	4
	6
	6
	
	
	4

	2
	
	5
	
	4
	
	
	5
	
	4
	

	3
	4
	
	
	
	
	
	
	4
	4
	4

	4
	
	
	
	
	
	
	
	4
	4
	4

	5
	
	
	
	
	
	
	
	4
	4
	

	6
	7,6
	7,6
	
	
	
	7,6
	7,6
	
	
	5


Note: 1. The scheduling timing corresponding to PUSCH transmissions in UpPTS for UL/DL configuration 1-6 is shown in green.
2. The scheduling timing corresponding to PUSCH transmissions in UpPTS for UL/DL configuration 0 is shown in dark yellow, which is the working assumption under WI uplink capacity enhancement.


  3. The new scheduling possibility for UL/DL configuration 6 is shown in yellow, due to the introduction of the UL index.
Now assuming a reduced UL scheduling delay of 3ms, one can define the UL scheduling timing as shown in Table 2, which includes also UL scheduling timing for PUSCH in special subframes. For UL/DL configuration #6, as it was agreed to introduce a 2-bit UL index in the work item Uplink Capacity Enhancement, the UL index can be reused with scheduling delay of 3ms.    
Table 2. UL scheduling delay with 3 ms (n+3) minimum scheduling delay

	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

	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
	3,4
	 5, 6 
	
	
	
	3
	5
	
	
	3


Based on the above consideration we conclude that reducing UL scheduling delay can be easily supported with FS2 by specifying new tables for UL grant to PUSCH delay as described above. 

Proposal: Reduced UL scheduling delay is supported by defining a new table for UL grant to PUSCH timing as shown in Table 2.    
3
Conclusions
In this contribution we have presented our views on latency reduction with 1-ms TTI for FS2 and showed how improvements in latency in UL scheduling can be achieved with n+3 timing assumption. Based on the discussion we make following proposals:
Proposal: Reduced UL scheduling delay is supported by defining a new table for UL grant to PUSCH timing as shown in Table 2.    

Table 2. UL scheduling delay with 3 ms (n+3) minimum scheduling delay

	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

	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
	3,4
	 5, 6 
	
	
	
	3
	5
	
	
	3
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