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7.2.12 Shortened TTI and processing time for LTE
WID in RP-161299. 
R1-167502
Work plan for shortened TTI and processing time
Ericsson
R1-167069
On LTE PHY processing time reduction
Nokia, Alcatel-Lucent Shanghai Bell
7.2.12.1 Shortened processing time for 1ms TTI
General
R1-167366
Views on shortened processing time for 1ms TTI
NTT DOCOMO, INC.

R1-167497
Reduced processing for 1ms TTI
Ericsson

R1-167501
Supported HARQ timings for 1ms TTI
Ericsson

R1-167891
Processing time reduction and related procedures for 1ms TTI
Huawei, HiSilicon
Revision of R1-166159
R1-166540
On reducing processing time for 1ms TTI
Intel Corporation

R1-166692
Overview of latency reduction operation with subframe TTI for FS1
Samsung

R1-166695
Processing time reduction for latency reduction with subframe TTI
Samsung
R1-166856
Consideration for shortened processing time for 1ms TTI
LG Electronics

R1-167017
On HARQ-timing with 1-ms TTI and reduced processing times 
Nokia, Alcatel-Lucent Shanghai Bell

R1-167582
Some issues in 1ms TTI latency reduction operation
ZTE Corp, ZTE Microelectronics
R1-166995
Shortened Processing Time Analysis
Spreadtrum Communications
R1-167084
Mechanism for indicating the processing time to the UE for 1ms TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-167577
HARQ with shortened processing time for 1ms TTI
ZTE Corp, ZTE Microelectronics

R1-167597
Considerations on processing time reduction for legacy TTIs
Mediatek Inc.

R1-167611
Shortened processing time for 1ms TTI 
SHARP Corporation

Downlink

R1-166307
Shortened processing time for 1ms TTI for DL
Qualcomm Incorporated
R1-167070
On processing time reduction between PDSCH transmission and DL HARQ feedback
Nokia, Alcatel-Lucent Shanghai Bell
R1-166696
FDD DL HARQ-ACK feedback procedure for latency reduction with subframe TTI
Samsung
R1-166454
HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI
CATT

Uplink

R1-166308
Shortened processing time for 1ms TTI for UL
Qualcomm Incorporated
R1-167071
On processing time reduction between UL grant and UL data transmission
Nokia, Alcatel-Lucent Shanghai Bell
R1-167500
Asynchronous HARQ for PUSCH
Ericsson

R1-166698
UL HARQ-ACK feedback procedure for latency reduction with subframe TTI
Samsung
FS2
R1-166693
Overview of latency reduction operation with subframe TTI for FS2
Samsung

R1-166697
TDD DL HARQ-ACK feedback procedure for latency reduction with subframe TTI
Samsung
R1-167016
Latency reduction for FS2 with 1ms TTI 
Nokia, Alcatel-Lucent Shanghai Bell

R1-167367
HARQ/Scheduling timing for FS2 with Shortened processing time for 1ms TTI
NTT DOCOMO, INC.

FS3
R1-166694
Overview of latency reduction operation with subframe TTI for FS3
Samsung

Evaluations
R1-167083
System level study on processing time reduction with 1ms TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-167147
Performance evaluation of short TTI vs. 1ms TTI with processing time reduction
Huawei, HiSilicon
CSI
R1-166857
Discussion on CSI feedback for 1ms TTI with reduced processing time
LG Electronics

R1-167499
Fast CSI for 1ms TTI
Ericsson
R1-168230
WF on Tx timing for 1ms TTI 
LG Electronics, NTT DOCOMO, Ericsson, Qualcomm, ZTE Corp, ZTE Microelectronics, Panasonic, Sharp, Nokia, Alcatel-Lucent Shanghai Bell 

R1-168192
WF on support of reduced processing time for 1ms TTI 
Intel, Ericsson, Huawei, HiSilicon, LG Electronics, Panasonic, Samsung, Nokia, Alcatel-Lucent Shanghai Bell, Sharp, NTT DOCOMO

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.

R1-168243
WF on n+2 transmission timing for 1ms TTI
Nokia, ASB

R1-168231 
WF on fallback transmission for shortened processing time in 1ms TTI 
LG Electronics, Sharp, Huawei, HiSilicon, Qualcomm, Ericsson, Intel, NTT DOCOMO 
Also supported by Nokia
Proposal:
· For UE capable of shortened processing time for 1ms TTI, the following fallback operations should be supported:

· If PDCCH for DL assignment is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for DL data to DL HARQ feedback 

· If PDCCH for UL grant is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for UL grant to UL data 
· The above fallback operations are applied to both FS1 and FS2

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 
R1-168187
WF on asynchronous UL HARQ 
Ericsson, Nokia, ASB

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
Asynchronous HARQ: QC, HW, HiSi, Ericsson, LGE, ZTE, Docomo, Nokia, ASB, Spreadtrum, Sharp
Synchronous HARQ: Samsung, CATT, ITRI, 

Configurable by the network: Samsung, CATT, ITRI
R1-168261
WF on support of Synchronous UL HARQ
Samsung

Proposal:

· PHICH-based synchronous HARQ for UL is supported for 1 ms TTI with shortened processing time for FS1 and FS2.
· For FS3, asynchronous UL HARQ is supported for 1 ms TTI with shortened processing time. 
R1-168232 
WF on PUCCH resource allocation for shortened processing time in 1ms TTI 
LGE

7.2.12.2 Shortened TTI length together with shortened processing time
7.2.12.2.1 Design of sTTI for DL and UL
R1-166143
Discussion on the HARQ issues for TTI length reconfiguration
Huawei, HiSilicon

R1-166147
Discussion on sTTI length
Huawei, HiSilicon

R1-166148
sPDCCH design for short TTI
Huawei, HiSilicon

R1-166149
Details of two-level DCI schemes for short TTI
Huawei, HiSilicon

R1-166150
Discussion on DCI design for short TTI
Huawei, HiSilicon

R1-166151
PDSCH design for short TTI
Huawei, HiSilicon

R1-166152
PUCCH design for short TTI
Huawei, HiSilicon

R1-166153
PUSCH design for short TTI
Huawei, HiSilicon

R1-166154
UCI on sPUSCH
Huawei, HiSilicon

R1-166155
Discussion on DL RS  for short TTI
Huawei, HiSilicon

R1-166156
Discussion on UL RS  for short TTI
Huawei, HiSilicon

R1-166309
Dl design for shortened TTI
Qualcomm Incorporated

R1-166310
UL design for shortened TTI
Qualcomm Incorporated

R1-166455
sPDCCH design for LTE short TTI
CATT

R1-166456
sPDSCH design for LTE short TTI
CATT

R1-166457
sPUSCH design for LTE short TTI
CATT

R1-166458
Discussion on UL sTTI operation
CATT

R1-166459
sPUCCH design for LTE short TTI
CATT

R1-166460
Discussion on the simultaneous transmissions of normal TTI and sTTI
CATT

R1-166541
DCI formats for shorten TTI
Intel Corporation

R1-166542
On sPDCCH design for shoten TTI
Intel Corporation

R1-166543
UL channes design for shorten TTI
Intel Corporation

R1-166629
sPDSCH/sPDCCH with 2-symbol sTTI and 1-slot sTTI
NEC

R1-166661
Discussion on sPDCCH for shortened TTI
Sony

R1-166699
Overview of sTTI operations
Samsung

R1-166700
sDCI design for sTTI operations
Samsung

R1-166701
sPDCCH for 2-symbol sTTI
Samsung

R1-166702
sPDCCH for 1-slot sTTI
Samsung

R1-166703
sPDSCH for 2-symbol and 1-slot sTTI
Samsung

R1-166704
sPUCCH for 2-symbol, 4-symbol and 1-slot sTTI
Samsung

R1-166705
sPUSCH for 2-symbol, 4-symbol and 1-slot sTTI
Samsung

R1-166706
TDD-specific issues on sTTI operations
Samsung

R1-166707
Coexistence between subframe TTI and sTTI operations for DL and UL
Samsung

R1-166858
Discussions on sPDCCH for latency reduction
LG Electronics

R1-166859
Discussions on sPDSCH for latency reduction
LG Electronics

R1-166860
sPUCCH design for HARQ-ACK feedback with shortened TTI length
LG Electronics

R1-166861
sPUCCH design for CSI feedback with shortened TTI length
LG Electronics

R1-166862
Discussion on UL design for shortened TTI
LG Electronics

R1-166966
Discussion on single level DCI and two-level DCI
Panasonic

R1-166968
UL simultaneous transmission between sTTI and TTI
Panasonic

R1-166972
Discussion on reference signal design for shortened TTI
Panasonic

R1-166973
Discussion on multiplexing between sTTI and TTI in the same subframe
Panasonic

R1-166996
Discussion on sPDCCH design for sTTI
Spreadtrum Communications

R1-166997
Discussion on sPUSCH design for sTTI
Spreadtrum Communications

R1-167018
On requirements of DM-RS design for UL shorter TTI 
Nokia, Alcatel-Lucent Shanghai Bell

R1-167019
Simultaneous Transmissions of UL Signals for Shortened TTI Operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-167021
sPUCCH design for shortened TTI 
Nokia, Alcatel-Lucent Shanghai Bell

R1-167022
Considerations of slot-level sTTI for FS2
Nokia, Alcatel-Lucent Shanghai Bell

R1-167072
On simultaneous unicast PDSCH and sPDSCH operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-167081
On DL control channel design for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-167082
On two-level DL control channel design for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-167085
On details of DMRS design for DL shorter TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-167102
Discussion on HARQ timing for shortened TTI in TDD
CMCC

R1-167189
Discussion on CA issues for shortened TTI operation
Huawei, HiSilicon

R1-167334
Discussions on DCI design consideration for shortened TTI SPS operation
Beijing Xiaomi Mobile Software

R1-167368
sPDCCH for shortened TTI
NTT DOCOMO, INC.

R1-167369
sPDSCH for shortened TTI
NTT DOCOMO, INC.

R1-167370
sPUCCH for shortened TTI
NTT DOCOMO, INC.

R1-167371
sPUSCH for shortened TTI
NTT DOCOMO, INC.

R1-167486
DL DMRS design for TTI shortening
Ericsson

R1-167487
sPDCCH search space design
Ericsson

R1-167488
Design aspects of sPDCCH
Ericsson

R1-167489
DL control for short TTI
Ericsson

R1-167490
Design aspects of sPDSCH
Ericsson

R1-167491
Design aspects of sPUSCH
Ericsson

R1-167492
UCI on sPUSCH with short TTI
Ericsson

R1-167493
Design aspects of sPUCCH
Ericsson

R1-167495
TDD aspects of short TTI
Ericsson

R1-167496
On the operation with different TTI lengths
Ericsson

R1-167498
Asynchronous HARQ for UL retransmissions with short TTI
Ericsson

R1-167503
Handling overlapping allocations with short and 1 ms TTI
Ericsson

R1-167504
Puncturing sTTI in legacy TTI
Ericsson

R1-167596
Considerations on short TTI design
Mediatek Inc.

R1-167598
UL RS design for short TTI
Mediatek Inc.

R1-167599
DL channel design for short TTI
Mediatek Inc.

R1-167620
sPUCCH design for shortened TTI
Potevio

R1-167628
Shortened TTI design
Motorola Mobility

R1-167629
Multiplexing of Regular TTI and shortened TTI
Motorola Mobility

R1-167654
On sPDCCH Design
InterDigital Communications

R1-167655
On sPDSCH Design
InterDigital Communications

R1-167656
On sPUCCH Design
InterDigital Communications

R1-167658
On sPUSCH Design
InterDigital Communications

R1-167774
Views on short PUSCH design
KT Corp.

R1-167865
Discussion on sPDCCH for sTTI
ZTE Corp., ZTE Microelectronics

R1-167866
Study on PDSCH transmission in sTTI
ZTE Corp., ZTE Microelectronics

R1-167867
Study on PUSCH transmission in sTTI
ZTE Corp., ZTE Microelectronics

R1-167868
PUCCH to carry HARQ-ACK for sTTI
ZTE Corp., ZTE Microelectronics
R1-168193
WF on sPDCCH
Huawei

R1-168188
WF on DCI monitoring for sTTI
Ericsson

R1-168189
WF on search space for sTTI
Ericsson, Huawei
R1-168194
WF on UL DMRS for sTTI
Huawei

R1-168195
WF on sPDSCH and sPUSCH transmission
Huawei

R1-168196
WF on sPUCCH
Huawei

R1-168197
WF on sTTI patterns
Huawei

R1-168233 
LGE
7.2.12.2.2 Processing time
Including maximum TA, CSI processing and minimum data processing time
R1-166157
Discussion on CSI feedback for short TTI
Huawei, HiSilicon

R1-166158
Processing time reduction and related procedures for short TTI
Huawei, HiSilicon

R1-166311
Processing time reduction and related procedures for DL
Qualcomm Incorporated

R1-166312
Processing time reduction and related procedures for UL
Qualcomm Incorporated

R1-166313
TDD-specific design for shortened TTI
Qualcomm Incorporated

R1-166461
HARQ and scheduling timing design for LTE short TTI
CATT

R1-166708
Processing time reduction for sTTI operations
Samsung

R1-166863
Consideration for shortened processing time for shortened TTI length
LG Electronics

R1-166864
Discussion on HARQ timing with shortened TTI length
LG Electronics

R1-166967
Evaluation results on processing time reduction in physical layer
Panasonic

R1-167120
On the processing time reduction for latency reduction
Intel Corporation

R1-167372
Views on processing time reduction and related procedures
NTT DOCOMO, INC.

R1-167494
On reduced processing time for short TTI
Ericsson

R1-167613
Processing time reduction for TDD with 1-slot sTTI
SHARP Corporation

R1-167614
Reduced processing time for different UL and DL sTTI lengths
SHARP Corporation, MTI

R1-167650
Processing time reduction and related procedures 
ZTE Corp, ZTE Microelectronics

R1-167657
On Processing Time Reduction for sTTI
InterDigital Communications
7.2.12.3 Others
R1-166314
Link evaluation of DL data transmission under symbol--dependent impact
Qualcomm Incorporated

R1-167342
Reduced timing for retransmission request
HTC Corporation









