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1 Introduction

In RAN1#86 and 86bis [1][2], the agreements of processing time reduction for 1ms TTI are as follows. 
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
Agreement:

· Reduced processing time(s) are RRC configured for the UE

· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported

· Details FFS

· Working assumption can be revisited if it is not found to be feasible 

Agreement:

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 

· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 

· No change in FS3 asynchronous UL HARQ operation

Conclusion
No consensus to support a minimum processing time of n+2 

This contribution discusses the remaining issues of shortened processing time for 1ms, including maximum TA restriction, fallback operation, HARQ process, UL HARQ operation, and PUCCH resource allocation for FS1 and FS2.
2 Maximum TA restriction for n+3 1ms TTI
The relationship between maximum TA and minimum processing time has been analysed in [2], with the results reproduced in Table 1 and Table 2. It can be observed that minimum processing time of n+3 can be supported if maximum TA is reduced to 0.33ms. There is no obvious benefit to reduce the maximum TA to values smaller than 0.33ms. Therefore, we propose:

Proposal 1: For n+3 1ms TTI, the maximum TA is reduced to 0.33 ms.
Table 1. Minimum time interval between DL data and DL HARQ for 1ms TTI operation
	         Constant processing time in one way x
TA
	x=0.5 symbol
	x=1 symbol
	x=2 symbols
	x=4 symbols

	0.67ms(~100km)
	2.49 ms 
	2.55 ms 
	2.68 ms 
	2.92 ms 

	0.335ms(~50km)
	2.16 ms 
	2.22 ms 
	2.34 ms 
	2.59 ms 

	0.168ms(~25km)
	1.99 ms 
	2.05 ms 
	2.17 ms 
	2.42 ms 

	0.084ms(~13km)
	1.91 ms 
	1.97 ms 
	2.09 ms 
	2.34 ms 

	0.042ms(~7km)
	1.86 ms 
	1.93 ms 
	2.05 ms 
	2.29 ms 


Table 2. Minimum time interval between UL grant and UL data for 1ms TTI operation
	             Constant processing time in one way x
TA
	x=0.5 symbol
	x=1 symbol
	x=2 symbols
	x=4 symbols

	0.67ms(~100km)
	1.76 ms 
	1.82 ms 
	1.94 ms 
	2.19 ms 

	0.335ms(~50km)
	1.42 ms 
	1.48 ms 
	1.61 ms 
	1.85 ms 

	0.168ms(~25km)
	1.26 ms 
	1.32 ms 
	1.44 ms 
	1.68 ms 

	0.084ms(~13km)
	1.17 ms 
	1.23 ms 
	1.36 ms 
	1.60 ms 

	0.042ms(~7km)
	1.13 ms 
	1.19 ms 
	1.31 ms 
	1.56 ms 


3 Fallback operation
The support of n+3 1ms TTI timing would be a UE capability, and it has been agreed that reduced processing time is RRC configured for the UE. A remaining issue is how to fall back to n+4 processing time. Two options are discussed in this section.
· Semi-static configuration 
The UE in n+3 processing time operation falls back to n+4 processing time by higher layer signalling, i.e. MAC or RRC signaling. However, either the UE is always stays in n+3 mode, or switch back to n+4 dynamically, there is no obvious motivation for a n+3 UE to fall back to n+4 processing time in a semi-static manner.
· Dynamic indication
· Dynamic indication by the DCI
The fallback is indicated through DCI, explicitly or implicitly.
(1). Alt 1: Different DCI format sizes are designed for n+3 1ms TTI and n+4 1ms TTI. Compared with the legacy operation, the UE requires more numbers of blind detections for two DCI format sizes. Therefore, it would increase the blind detection timing for the UE, and thus it is not preferred.
(2). Alt 2: Using either 1 bit field or different RNTI scrambling to differentiate the n+3 and n+4 DCIs. In contrast to Alt 1, Alt 2 does not increase the blind detection number, while it introduces an additional bit in DCI or another RNTI.
Furthermore, if the UE has short TTI capability, the above alternatives should also consider the indication of the short TTI scheduling.
· Dynamic indication by the search space
The search space position carrying the PDCCH can be used to determine the processing time for the UE. This option would require to split the search space into candidate positions applicable for n+3 1ms TTI and the other candidate positions that schedules with legacy n+4 1ms TTI. For example, the PDCCH in CSS indicates the n+4 1ms TTI and the PDCCH in USS indicates the n+3 1ms TTI.
Furthermore, if the UE has short TTI ability, a unified solution could be the CSS associated with n+4 1ms TTI and USS associated with n+3 1ms TTI and short TTI. The n+3 1ms TTI and short TTI may be differentiated by an additional bit in DCI format.
From the above discussions, we have the following proposal:
Proposal 2: Confirm the working assumption that a mechanism for dynamic fallback to legacy processing timings (n+4) is supported.
Proposal 3: Support dynamically fallback to legacy processing timing n+4 by the search space, i.e,  DCI for processing time n+3 and sTTI are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
4 HARQ process
In the current system, there are 8 HARQ processes in FDD and up to 15 HARQ processes in TDD, which corresponds to the RTT ranging from 8ms to 15ms. Then UE can handle the multiple processes to improve the system throughput while waiting for ACK/NACK of one process. When the n+3 1ms TTI is applied, there are two options on HARQ processes
Option 1: the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are separated to different resource pool.

Option 2: the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared in the common resource pool.
In option 1, it is simple for implementation. However, it has lower flexibility and system efficiency since one transmit block assigned to one HARQ process of a processing time cannot be transmitted with the other processing time, when one UE may handle the HARQ processes of n+3 1ms TTI and n+4 1ms TTI simultaneously in fallback operation. 

In the contrast, option 2 has no HARQ process usage restriction, that eNB has the flexibility to schedule a transmit block in either processing time. Besides, it can be observed that the RTT of the n+3 1ms TTI is always smaller than or equal to the legacy n+4 1ms TTI. Then, the HARQ process number can be the same for n+3 1ms TTI operation. Therefore, we propose that option 2 is adopted.
Proposal 4: The HARQ processes of n+3 1ms TTI and n+4 1ms TTI can be shared.

5 UL HARQ operation
For n+3 1ms TTI, the PHICH-less asynchronous HARQ for UL was agreed in RAN1#86. If fallback operation is supported, there are two alternatives considering the HARQ process of n+4 processing time for a UE configured with n+3 processing time:
· Alt a. Synchronous HARQ is supported for UL transmissions scheduled by DCI indicating n+4 for a UE configured with n+3 processing time.

· Alt b. Asynchronous HARQ is supported for UL transmissions scheduled by DCI indicating n+4 for a UE configured with n+3 processing time.
Alt a can reduce signalling overhead with PHICH and legacy operation can be reused, while Alt b needs further standard efforts such as n+4 timing definition and DCI modification. Therefore, we propose that synchronous HARQ is supported for UL transmissions scheduled by DCI indicating n+4 for a UE configured with n+3 processing time.
Proposal 5: For a UE configured with n+3 processing time, synchronous HARQ is supported for UL transmissions when falls back to processing time (n+4).
6 PUCCH resource allocation
In the section, we discuss the impact of reduced minimum timing to the HARQ-ACK feedback procedures. Based on section 10.1.2 in [4], the PUCCH format 1a/1b resource is defined as follows:
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· For a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe [image: image8.wmf]4
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Figure 2. Multiple PDSCHs to same PUCCH format 1a/1b resource, when there is the UE with reduced processing time in system
When the minimum timing between DL data to DL HARQ is reduced to 3ms, a PDSCH transmissions in subframe i-3 is feedback in subframe i. Then, legacy PDCCH transmission in subframe i-4 and the PDSCH transmission with reduced minimum time interval in subframe i-3 may be connected to the same PUCCH format 1a/1b resource in subframe i. To avoid the PUCCH resource collision, several options are discussed in this section.
· Opt.1: Collision avoidance by eNB implementation
In the Opt.1, the current implicit PUCCH resource allocation is reused. As depicted in Figure2, eNB needs to avoid the resource collision by carefully allocating PDCCHs to appropriate CCEs. Although there is no specification work, there would be strong scheduling restriction on PDCCH allocation and high scheduling complexity.
· Opt.2: UE-specific starting offset [image: image20.wmf](1)
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In the Opt.2, a UE-specific PUCCH offset is introduced, and different UEs are configured different PUCCH offset to avoid PUCCH collision.  For example:
For a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, the UE shall use 
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Although it can provide more flexibility than option 1, it cannot avoid PUCCH collision dynamically.
· Opt.3: UE-specific starting offset [image: image25.wmf](1)
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The PUCCH resource allocation scheme for PDSCH scheduled by EPDCCH can be re-used, i.e., the PUCCH resource is determined by lowest CCE index, a UE-specific starting offset and HARQ-ACK resource offset field in the DCI format. For example:
For a PDSCH transmission scheduled by a PDCCH in subframe n-3, the UE shall use 
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By re-using the PUCCH resource allocation scheme to PDSCH scheduled by EPDCCH, the eNB has more flexibility to avoid the PUCCH resource collision.
· Opt.4: Introduce a timing-dependent implicit PUCCH resource offset.

The option would introduce additional offset for avoiding PUCCH resource collision For example:
For a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, the UE shall use 
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Although this option can avoid PUCCH resource collision between PDSCH of different timing for the same UE, the PUCCH resource collision between UEs cannot be fully avoided, which would impose restrictions on PDCCH allocation.
· Opt.5: Report HARQ feedback for only one of the PDSCHs.

The option is to report HARQ feedback for only one of the PDSCHs.  For example, it provides HARQ feedback only for the n+4 operation and drop the HARQ of n+3 operation. Obviously, the Opt.5 can only be used in the case when multiple HARQ feedbacks belong to the same UE. For the PUCCH collision between the different UEs, it is still left to eNB implementation. 
From the above discussions, option 3 is preferred due to high flexibility and little standard efforts.
Proposal 6: Re-use the PUCCH resource allocation scheme for PDSCH scheduled by EPDCCH, i.e., the PUCCH resource is determined by lowest CCE index, a UE-specific starting offset and HARQ-ACK resource offset field in the DCI format.
7 Conclusion
In this contribution, the possible processing time reduction to maximum TA restriction, fallback operation, HARQ process, UL HARQ operation, and PUCCH resource allocation are discussed, the following observations and proposals are given:
Proposal 1: For n+3 1ms TTI, the maximum TA should be reduced to 0.33 ms.
Proposal 2: Confirm the working assumption that a mechanism for dynamic fallback to legacy processing timings (n+4) is supported.
Proposal 3: Support dynamically fallback to legacy processing timing n+4 by the search space, i.e,  DCI for processing time n+3 and sTTI are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.

Proposal 4: The HARQ processes of n+3 1ms TTI and n+4 1ms TTI can be shared.

Proposal 5: For a UE configured with n+3 processing time, synchronous HARQ is supported for UL transmissions when falls back to processing time (n+4).
Proposal 6: Re-use the PUCCH resource allocation scheme for PDSCH scheduled by EPDCCH, i.e., the PUCCH resource is determined by lowest CCE index, a UE-specific starting offset and HARQ-ACK resource offset field in the DCI format.
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