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1 Introduction
In RAN #72 meeting, a new work item [1] on shortened TTI and processing time for LTE was approved. The main objective of this WI is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. In this contribution, we discuss some remaining issues regarding to the DL HARQ timing and UL scheduling timing for TDD with reduced processing time. 
2 TDD UL scheduling timing for 1ms TTI with reduced processing time
During RAN1#88 meeting, we have some agreements achieved regarding to the reduced UL scheduling timing for TDD system with 1ms TTI: 

	Agreements (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
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· 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: image2.png]TDD UL/DL Subframe number n
configuration 0 0 1 3 4 5 6
Option 1 3/4 3/6 3/4 3/6
Option 2 3/4 5/6 3/4 5/6
Option 3 3/6 3/6 3/6 3/6
Option 4 3/4 5/6 3/4 5/6
Option 5 3/6 3/6 3/6 3/6





· 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 section, we provide our views on the UL scheduling timing for TDD UL/DL configurations 0 and 6.
UL scheduling timing for TDD configuration 0

For TDD UL/DL configuration 0, the UL scheduling timing can be down selected from four alternatives. Firstly, we evaluate the scheduling delay between uplink grant DCI and corresponding uplink transmission. Table 1 illustrates the comparison of scheduling delay among these alternatives and they provide very similar performances. Moreover, we categorize these alternatives into two groups; the first group contains alternatives 1 and 2 that utilize different scheduling timing for SSC 0-9 and SSC 10, respectively. In addition, the second group contains alternatives 3 and 4 which adopt a common scheduling timing and with additional restriction for SSC 10. The advantage of first group is it can provide more scheduling opportunity than second group. For example, for alternatives 1 and 2, both subframes 0 and 1 can schedule uplink transmission on subframe 4 which provide more flexibility on the eNB scheduling to meet the requirement of lower transmission latency. On the other hand, the disadvantage of first group is it need a separated consideration for different special subframe configurations and it may affect the specification. However, this change would be acceptable for us because the reconsideration of UL scheduling timing for 1ms TTI is expected in this WI in order to support lower processing delay. Therefore, alternatives 1 and 2 are preferred.
	
	Scheduling delay for SSC 0-9
	Scheduling delay for SSC 10

	Alt. 1
	4ms
	4.5ms

	Alt. 2
	4ms
	4.5ms

	Alt. 3
	4.3ms
	4.5ms

	Alt. 4
	4ms
	4.5ms


When the UE behaviour according to the UL grant DCI is considered, alternatives 2 and 4 may introduce specification impact. For example, considering option 3 or 5 for SSC10, the UE may receive an uplink grant DCI in subframe 0 to schedule a first uplink transmission in subframe 6; and receive another uplink grant DCI in subframe 1 to schedule a second uplink transmission in subframe 4. In this case, a latter uplink transmission scheduled by an earlier DCI leads UE to determine the uplink transmission power according to two TPC commands from different DCIs. This behaviour is not consist with current specification and do not provide any benefit and the corresponding specification effort should be avoided. According to the discussion above, alternative one is more preferable for us.
· Proposal 1: Support Alt.1 for UL/DL configuration 0.
UL scheduling timing for TDD configuration 6
Similar to above analysis for TDD configuration 0, we first evaluate the scheduling delay among these candidate solutions. As illustrated in Table 2, alternative 5 provides lowest scheduling delay for both special subframe configurations; and alternatives 3 and 4 offer longer latency especially for SSC 10. As for the scheduling flexibility and efficiency, alternative 3 provides more scheduling opportunity than others do. 
	
	Scheduling delay for SSC 0-9
	Scheduling delay for SSC 10

	Alt. 1
	4.6ms
	4.14ms

	Alt. 2
	4.6ms
	4.14ms

	Alt. 3
	4.6ms
	4.5ms

	Alt. 4
	4.6ms
	4.71ms

	Alt. 5
	3.6ms
	4.14ms


When considering option 2 or 6 for SSC10, we also see same problem as discussed earlier. For example, the UE may receive an uplink grant DCI in subframe 0 to schedule a first uplink transmission in subframe 6; and receive another uplink grant DCI in subframe 1 to schedule a second uplink transmission in subframe 4. Therefore, in order to avoid the specification effort on the corresponding issue, we recommend precluding alternatives one and five. According to the discussion above, both alternative 2 and 3 are preferred since they provide advantages on lower scheduling latency and more scheduling opportunity, respectively.
· Proposal 2: Down select between Alt. 2 and Alt. 3 for UL/DL configuration 6.

3 TDD DL HARQ timing for 1ms TTI with reduced processing time
During RAN1#88bis meeting, we have some agreements achieved regarding to reduce DL HARQ timing for TDD UL/DL configuration 6 with 1ms TTI: 

	Agreements (RAN1#88bis):

· For 1ms TTI in FS2 and for TDD UL/DL configuration 6, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is down-selected among the below alternatives. 
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· FFS the order of the numbers in the table


For this issue, option 1 provides lower uplink control overhead and option 2 can minimize the latency. From our perspective, considering the efficiency of uplink resource utilization and uplink transmission power, lower uplink control overhead for each uplink subframe is better than minimizing the latency.
· Proposal 3: Support option 1 for UL/DL configuration 6.

4 Conclusion

Based on our discussions, for the UL scheduling timing we have the following proposals:
· Proposal 1: Support Alt. 1 for UL/DL configuration 0.

· Proposal 2: Down select between Alt. 2 and Alt. 3 for UL/DL configuration 6.
As for the DL HARQ timing, we have the following proposal:
· Proposal 3: Support option 1 for UL/DL configuration 6.
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