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1
Introduction
In RAN1#86bis and 87 meetings [1]

 REF _Ref470631934 \r \h 
[2], following agreements on processing time reduction for 1ms TTI have been achieved: 

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

Agreement:
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
This contribution discusses aspects related to asynchronous UL HARQ for 1ms TTI.
2
Discussion
2.1
UL HARQ processes sharing
In the current system, there are 8 UL HARQ processes in FDD and up to 15 UL HARQ processes in TDD, which corresponds to the RTT ranging from 8ms to 15ms. When the n+3 1ms TTI is configured, there are two options on PUSCH HARQ processes:
Option 1: the UL HARQ processes are separated between n+3 1ms TTI and n+4 1ms TTI.

Option 2: the UL HARQ processes are shared between n+3 1ms TTI and n+4 1ms TTI.

In option 1, it is simpler for implementation. However, it has lower flexibility and system efficiency since one transmit block that is failed in transmission within a HARQ process of a processing time cannot be re-transmitted with the other processing time, during the reconfiguration and fallback operation. Therefore, to have a higher flexibility and system efficiency, we propose that option 2 is adopted.

Proposal 1: The UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI can be shared.
2.2
UL HARQ processes switching
2.2.1

HARQ processes switching cases
Two switching cases are considered in the reconfiguration and fallback operation between reduced processing time and legacy processing time:

· The switching from n+3 to n+4 operation

The motivation of supporting fallback to legacy processing timing n+4 by the dynamic indication is to avoid that UE cannot handle the process of n+3 1ms TTI in some cases, such as when the UE moves out of the coverage and has a TA larger than maximum TA of the n+3 1ms TTI. Hence, the fallback operation is necessary to be supported.

-
The switching from n+4 to n+3 operation
It has benefits to schedule or retransmit any HARQ process with the minimum delay if UE is able to support the n+3 processing time. The switching to n+3 operation timely accelerates the TCP process, so that it will improve the UPT performance. Therefore, this case should also be supported.

2.2.2

HARQ processes mapping
For n+3 1ms TTI, the PHICH-less asynchronous HARQ for UL was agreed in RAN1#86. Based on the above switching cases, there are two options for UL HARQ processes with processing time n+4, which has impacts to the switching:

· Alt A: Asynchronous HARQ for UL transmission with legacy processing time.

· Alt B: Synchronous HARQ for UL transmission with legacy processing time.

Alt A will increase the payload size of UL DCI format for n+4 operation with additional HARQ process ID field. Since the DCI for processing time n+4 are carried in CSS of PDCCH, the change of payload size may increase the PDCCH blinding decode time. In addition, after the UE does initial access process, an additional reconfiguration operation from synchronous n+4 HARQ to asynchronous n+4 HARQ is needed, which results in increased UE complexity.

In the contrast, Alt B has no impact to the legacy DCI format of n+4 operation.

Proposal 2: For a UE capable of n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4).
If the synchronous HARQ processes of n+4 and asynchronous HARQ processes of n+3 are shared, one issue is that eNB and UE should have the same understanding which synchronous HARQ process is mapped to which asynchronous HARQ process denoted by HARQ process ID. So that eNB and UE can know the accurate HARQ process number when the corresponding HARQ buffers can be retransmitted in the switching between n+4 to n+3 operation. There are following options for the HARQ process ID mapping:

· Option 1: 
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With this option, the HARQ process ID is uniquely determined by the frame number and subframe number. However, there are some problems for TDD when the frame number hops from 1023 to 0. In this case, several different HARQ processes are mapped to the same HARQ process ID. For example, for TDD UL/DL configuration 0, both the PUSCH in subframe 7 of frame 1023 and the PUSCH in subframe 4 of frame 0 are mapped to the same HARQ process ID 2, although they should belong to different HARQ processes.

· Option 2: 


[image: image2.wmf](

)

(

)

   

HARQprocessID

Frame_number_before_switching*number_of_

UL_subframe_per_Frame+index_of_UL_subfra

me

modnumber_of_HARQ_processes

=

éù

ëû


, where the Frame_number_before_switching n means it is the n-th last frame from the switching frame.

In this option, the switching frame is the frame where the first DCI with reduced processing time containing HARQ process ID is received by UE, after the UE is configured with reduced processing time. Then if the switching frame is SFN 0, then the Frame_number_before_switching of SFN 1023 is denoted as -1. In this way, the UL subframe of both TDD and FDD can be uniquely mapping to the HARQ process ID.

· Option 3: the mapping between (SFN, index_of_UL_subframe) and the UL HARQ process ID is semi-statically configured by higher layer.

In this option, the mapping between (SFN, index_of_UL_subframe) and the HARQ process ID can be indicated to UE by RRC signalling, when the UE is configured to reduced processing time of n+3 1ms TTI. In this way, not only the HARQ processes mapping of the normal HARQ process, but also the mapping for TTI bundling case can also be resolved.

Based on above discussion, to have a unified solution for all cases, the option 2 and option 3 are proposed to be supported.

Proposal 3: The mapping between UL HARQ process ID and UL subframes is down-selected between Option 2 and Option 3.

· Option 2:
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· Option 3: the mapping between (SFN, index_of_UL_subframe) and the UL HARQ process ID is indicated by higher layer.
3
Conclusions

In this contribution, the asynchronous UL HARQ for 1ms TTI is discussed, the following proposals are given:
Proposal 1: The UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI can be shared.
Proposal 2: For a UE capable of n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4).
Proposal 3: The mapping between UL HARQ process ID and UL subframes is down-selected between Option 2 and Option 3.

· Option 2:
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· Option 3: the mapping between (SFN, index_of_UL_subframe) and the UL HARQ process ID is indicated by higher layer.
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