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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved [1]. One of the objectives of the WI is to investigate processing time reduction for legacy 1ms TTI for FS2. In this contribution, we discuss some consideration points on shortened processing time for FS2 with legacy 1ms TTI. 
2. Shortened processing time for FS2 with 1ms TTI
· DL data to DL HARQ timing

According to the current specification, the DL data to DL HARQ timing for each UL/DL configuration is shown in Table 1 [2]. In [3], it was agreed that new DL HARQ and UL scheduling timing relations will be defined for FS2. When a minimum timing of 3 ms is supported for DL data to DL HARQ and UL grant to UL data for UEs capable of operating with shortened processing time, the DL data to DL HARQ timing is proposed as Table 2. Note that DL subframes having different HARQ timing compared with the legacy are highlighted in red. Furthermore, the DL data to DL HARQ timing for minimum timings of 3 ms is also proposed in Tables 3 for a UE configured with eIMTA.
	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

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

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

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 1. DL association set for TDD in current LTE 
	TDD 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, 4, 6, 3
	-
	-
	-
	-
	7, 4, 6, 3
	-
	-

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

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

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

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


Table 2. DL association set for TDD with minimum timing of 3 ms
	Higher layer parameter 
‘eimta-HARQ-ReferenceConfig-r12’
	Higher layer parameter ‘subframeAssignment’
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	7,6,3,4
	-
	-
	-
	-
	7,6,3,4
	-
	-

	
	1
	-
	-
	7,4
	-
	-
	-
	-
	7,4
	-
	-

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

	4
	0
	-
	-
	7,6,11,8
	4,6,5
	
	-
	-
	-
	-
	-

	
	1
	-
	-
	8,7,11
	4,6,5
	-
	-
	-
	-
	-
	-

	
	3
	-
	-
	11,8
	6,3
	-
	-
	-
	-
	-
	-

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

	5
	0
	-
	-
	12,7,6,11,3,8,4,5,9
	-
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	12,8,7,11,4,5,9
	-
	-
	-
	-
	-
	-
	-

	
	2
	-
	-
	12,9,8,11,5
	-
	-
	-
	-
	-
	-
	-

	
	3
	-
	-
	12,4,3,11,8,9
	-
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	12,5,4,3,9
	-
	-
	-
	-
	-
	-
	-

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


Table 3. eIMTA DL association set for TDD with minimum timing of 3 ms
· PUCCH resource
Regarding PUCCH resource, the similar issue as eIMTA is expected since PUCCH resource collision can happen if PDSCHs with different processing time operation may be mapped onto the same PUCCH resource in the same UL subframe. In order to avoid any impact on PUCCH resource reservation of UE with legacy processing time, several options can be considered as follows. Note that hereafter type 1 subframes are fixed subframes having the same HARQ timing for eIMTA and non-eIMTA UEs, type 2 subframes are fixed subframe having different HARQ timing for eIMTA and non-eIMTA UEs, and type 3 subframes are flexible subframes. 
· Option 1: Separate PUCCH resource of HARQ-ACK for shortened processing time 
This option will be the simplest approach for PUCCH resource handling. For distinguishing the PUCCH resource, two more additional offsets will be necessary as shown in Figure 1.  
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Figure 1. Separation of PUCCH resource for shortened processing time
· Option 2: Share the same PUCCH resource having the same DL HARQ timing between UEs configured with legacy and shortened processing time for type 1 subframes 
In order to save PUCCH resource, at least type 1 subframes which have the same DL HARQ timing between UEs configured with legacy and shortened processing time share the same PUCCH resource. Subsequently, PUCCH resources are allocated for type 1 subframes for shortened processing time which have different DL HARQ timing between UEs configured with legacy and shortened processing time. Type 2 and 3 subframes will have separated PUCCH resources via resource offset. 
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Figure 2. Common PUCCH resource for part of type 1 subframes
· Option 3: Share the same PUCCH resource having the same DL HARQ timing between UEs configured with legacy and shortened processing time for all types of subframes
For higher resource efficiency, type 2/3 subframes having common DL HARQ timing between UEs configured with legacy and shortened processing time can also share the same PUCCH resource, which is depicted in Figure 3. 
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Figure 3. Common PUCCH resource for part of type 1 subframes and for part of type 2/3 subframes
· UL grant to UL data timing

In case of the UL grant to UL data timing, the following is proposed for minimum timings of 3 ms in Table 4.
	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3
	3
	
	
	
	3
	3
	
	
	

	1
	3
	
	
	
	3
	3
	
	
	
	3

	2
	
	
	
	
	3
	
	
	
	
	3

	3
	3
	3
	
	
	
	
	
	
	
	3

	4
	3
	
	
	
	
	
	
	
	
	3

	5
	
	
	
	
	
	
	
	
	
	3

	6
	4
	6
	
	
	
	3
	6
	
	
	4


Table 4. k for TDD configuration 0-6 with minimum timing of 3 ms
With new tables for the UL grant to UL data timing, it would be necessary to further consider timing with UL index in case of TDD UL/DL configuration 0. If the MSB of UL index is equal to 1, then the corresponding PUSCH is transmitted in subframe n+k. On the other hand, for minimum timing of 3 ms, if the UL grant DCI is detected in subframe n equal to 0 or 5, and if the LSB of UL index is equal to 1, then the corresponding PUSCH can be transmitted in subframe n+4. If the UL grant DCI is detected in subframe n equal to 1 or 6, and if the LSB of UL index is equal to 1, then the corresponding PUSCH can be transmitted in subframe n+6. For minimum timing of 2 ms, if the LSB of UL index is equal to 1, then the corresponding PUSCH can be transmitted in subframe n+3. 
3. Conclusions

In this contribution, we discussed aspects of FS2 for 1ms TTI with shortened processing time. Based on the above discussions, our proposals are given as follows:

Proposal 1: The DL data to DL HARQ timing tables and the UL grant to UL data timing tables proposed in this contribution should be considered for shortened processing time.
Proposal 2: PUCCH resource allocation method with taking into account shortened processing time should be further investigated. 
Proposal 3: The UL grant to UL data timing with UL index for TDD UL/DL configuration 0 should be also clarified. 
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