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1.1.7 Shortened TTI and processing time for LTE
WID in RP-161922. 
R1-1610584

LS to RAN2 and RAN4 about all agreements taken within the WI Daniel
1.1.7.1 Shortened processing time for 1ms TTI
R1-1608644
Design on shortened processing time for 1ms TTI
Huawei, HiSilicon

R1-1608996
Fall-back mode operation for processing time reduction with 1ms TTI
Samsung

R1-1608997
Discussion on processing time reduction with 1ms TTI
Samsung

R1-1609315
On maximum TA and EPDCCH support for n+3 timing
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609317
Dynamic fall-back and required scheduling restrictions for 1ms TTI with different processing times
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609484
On reducing processing time for 1ms TTI
Intel Corporation

R1-1609821
Considerations on processing time reduction for legacy TTIs
Mediatek Inc.

R1-1610005
Shortened processing time for 1ms TTI for DL
Qualcomm Incorporated

R1-1610006
Shortened processing time for 1ms TTI for UL
Qualcomm Incorporated

R1-1610042
Views on shortened processing time for 1ms TTI
NTT DOCOMO, INC.

R1-1610543 
WF on not supporting N+2 in 1ms TTI processing time reduction
Qualcomm, CATT, Samsung, Huawei, HiSilicon, Intel, MTK, ZTE, ZTE Microelectronics

Also supported by: LGE

R1-1610557 
WF on supporting n+2 minimum timing for shortened processing time in 1ms TTI
Nokia, Alcatel-Lucent Shanghai Bell, Ericsson, NTT DoComo, Sharp

Also supported by: Spreadtrum, Interdigital

Support a minimum timing of n+2 TTIs for FS1/2/3 for UL grant to UL data and for DL data to DL HARQ as a UE capability
· For n+2 timing, the maximum TA is reduced to 0.33ms

· PDCCH USS scheduling for n+2 timing is supported

· FSS if EPDCCH scheduling is supported as an additional UE capability

· The supported DL peak data rate with n+2 timing is a UE capability

· The peak data rate are given by DL UE category is scaled by Z

· Z = (0.5, 0.75, 1)

· For PUCCH on FS1 cell, support a dynamic indication of n+2 and n+3 timing

· Signaling details of indicating the different processing time for 1ms TTI is FFS

· FSS support for PUCCH on FS2 cell

· FFS: For n+2 UL grant to PUSCH timing, the UL-SCH interleaving over all PUSCH SC-OFDMA symbols is removed

Conclusion
No consensus to support a minimum processing time of n+2 
R1-1610542
WF on maximum TA restriction for 1ms TTI processing time reduction
Qualcomm, Mediatek

R1-1610561
WF on fallback mechanism for shortened processing time in 1ms TTI 
LG Electronics, Ericsson, Intel, Qualcomm, Huawei, HiSilicon 
R1-1610341
HARQ and UL scheduling timings for 1ms TTI and reduced processing time
Ericsson

R1-1608645
Performance evaluation of short TTI vs. 1ms TTI with processing time reduction
Huawei, HiSilicon

R1-1609160
Latency Reduction for FS2 with 1-ms TTI 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609212
Discussion on shortened processing time for FS2
LG Electronics
R1-1610562
WF on UL scheduling timing for FS2 with shortened processing time in 1 ms TTI
LG Electronics, NTT DOCOMO, Ericsson, ZTE Corp, ZTE Microelectronics, Intel
R1-1610568
WF on DL HARQ-ACK timing for FS2
Samsung
R1-1608741
HARQ and scheduling timing design for LTE processing timing reduction with 1ms TTI
CATT

R1-1608912
Considerations for shortened processing time
Spreadtrum Communications

R1-1608994
Overall operations for processing time reduction with 1ms TTI
Samsung

R1-1608995
DCI for processing time reduction with 1ms TTI
Samsung

R1-1608999
TDD DL HARQ-ACK feedback procedure for processing time reduction with 1ms TTI
Samsung

R1-1609211
Remaining issues on shortened processing time for 1ms TTI
LG Electronics

R1-1609316
On support of n+2 timing for 1ms TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609318
On DCI details for 1ms TTI UL asynchronous HARQ
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609319
Interaction between synchronous and asynchronous UL HARQ for 1ms TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609320
On processing time reduction between PDSCH transmission and DL HARQ feedback
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609321
On processing time reduction between UL grant and UL data transmission
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609339
Some issues in 1ms TTI with shortened processing time
ZTE, ZTE Microelectronics

R1-1609340
HARQ with shortened processing time for 1ms TTI 
ZTE, ZTE Microelectronics

R1-1609869
Shortened processing time operation for 1ms TTI
Sharp

R1-1609870
HARQ-ACK feedback for 1ms TTI with reduced processing time
Sharp

R1-1610043
HARQ/Scheduling for shortened processing time for 1ms TTI
NTT DOCOMO, INC.

R1-1610339
Reduced processing for 1ms TTI
Ericsson

R1-1610342
PUCCH collisions with reduced processing time for 1ms TTI
Ericsson

R1-1610343
Asynchronous HARQ for PUSCH
Ericsson

R1-1608654
Processing time reduction and related HARQ timings with 1ms TTI for FS2
Huawei, HiSilicon

R1-1608998
CSI measurement and reporting for processing time reduction with 1ms TTI
Samsung

R1-1609213
Discussion on CSI feedback for 1ms TTI with shortened processing time
LG Electronics

R1-1610340
Fast CSI for 1ms TTI
Ericsson

R1-1610044
Views on CSI feedback for 1ms TTI with shortened processing time
NTT DOCOMO, INC.
1.1.7.2 Shortened TTI length together with shortened processing time
R1-1609820
Considerations on short TTI design
Mediatek Inc.

R1-1609822
UL RS design for short TTI
Mediatek Inc.

R1-1609823
DL DMRS and DCI design for short TTI
Mediatek Inc.
1.1.7.2.1 Design of sTTI for DL and UL
R1-1609161
Considerations on Asymmetric DL&UL sTTI Length Operations 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609006
sPUSCH for 2-symbol, 4-symbol, 1-slot sTTI
Samsung

R1-1609008
Coexistence between 1ms TTI and sTTI operations for DL/UL
Samsung

R1-1608745
DL/UL sTTI partition
CATT

R1-1608631
Discussion on sTTI structure
Huawei, HiSilicon
Proposed agreements:
· In DL no sTTI spans over slot boundary
· In DL TTI can span over slot boundary
· In UL no sTTI spans over slot boundary
· In UL TTI can span over slot boundary
Agreement:
· Short TTI is not configured with extended CP.
R1-1609219
Discussion on sTTI designs for UL
LG Electronics

R1-1610331
On the operation with different TTI lengths
Ericsson

R1-1608633
Discussion on DMRS-based sPDCCH
Huawei, HiSilicon

R1-1609322
On DL control channel design for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610563
WF on short TTI structure
LG Electronics, Huawei, HiSilicon
Agreement:

· For 7-symbol TTI, the following sTTI structure is supported for  UL
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R1-1610833
WF on UL short TTI structure
LG Electronics, Huawei, HiSilicon, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, NTT DOCOMO, Sharp, ZTE, ZTE Microelectronics, Intel, Qualcomm
Agreement:
· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:
· Option 1: fixed sTTI structure 
· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.
· Option 1a: without spanning over slot boundary
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI
· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 3, 2, 2, 3)

· Alt2: (3, 2, 2, 2, 2, 3)

· Alt3: (3, 2, 2, 3, 2, 2)
· Option 1b: a sTTI can span over slot boundary
· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 2, 2, 2, 2, 2)

· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI 

· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure
R1-1610834
WF on UL short TTI structure for 4-symbol sTTI
LG Electronics, Samsung, Ericsson, CATT, NTT DOCOMO, ZTE, ZTE Microelectronics, Huawei, HiSilicon, Panasonic
Agreement:
· If 4-symbol UL sTTI is supported, the following sTTI structure is adopted:
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R1-1610856
WF on sTTI length for DL
Samsung, Ericsson, Sharp, NTT DOCOMO, Huawei, HiSilicon, Intel, CATT, ZTE, ZTE Microelectronics, LG Electronics

Agreement:
· The DL sTTI length of a UE is configured by RRC signaling.

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.
R1-1610827
WF on DL sTTI pattern
Huawei, HiSilicon, NTT DOCOMO, Intel, Qualcomm, Ericsson, LGE
Conclusion
· Aspects to consider when downselecting between the 2OS DL sTTI in R1-1610827

· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM
· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length
· UL sTTI structure

· Other aspects can also be considered
R1-1610855
WF on the combination of sTTI length for DL and UL
Samsung, Qualcomm
Agreement:
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 
R1-1608634
Details of two-level DCI schemes for short TTI
Huawei, HiSilicon

R1-1609001
sDCI for sTTI operation
Samsung

R1-1609323
On two-level DL control channel design and subframe structure for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-1610007
Dl design for shortened TTI
Qualcomm Incorporated
R1-1610583
Way Forward on sTTI scheduling options
Ericsson, Huawei, HiSilicon

Revision of R1-1610582
Agreement
· Select a sTTI scheduling scheme among the following candidates for each sTTI length
· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region
· UE-specific information in sDCI related to sPDSCH/sPUSCH
· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1
· Slow DCI: non UE-specific information in PDCCH 
· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH
· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH
· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length
· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation
· FFS support of multi-sTTI scheduling
· Additional L1 signaling related to sTTI operation can be considered

R1-1608640
Handling collision between sTTI and 1ms TTI
Huawei, HiSilicon

R1-1608748
On efficient multiplexing of normal TTI and sTTI
CATT
R1-1610836
Way Forward on handling of PDSCH/sPDSCH assignments for the same subframe and carrier
Ericsson, Huawei, HiSilicon, Qualcomm, NTT DOCOMO, LG Electronics

R1-1610581
Way Forward on handling of PUSCH and sPUSCH grants for the same subframe and carrier
Ericsson, Huawei, HiSilicon
R1-1608636
Discussion on sPDSCH design
Huawei, HiSilicon

R1-1609215
Discussions on sPDSCH for latency reduction
LG Electronics

R1-1610325
Design aspects of sPDSCH
Ericsson
R1-1610787
WF on transmission modes for sTTI
Huawei, HiSilicon, CMCC, Softbank, Qualcomm, Intel, CATT

Agreement:
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.

· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI
· For UL transmission for sTTI
· TM1 and TM2 are supported
R1-1608749
Discussion on UL sTTI operation
CATT

R1-1610337
UL power-related aspects for sTTI
Ericsson

R1-1610338
Draft LS on UL power control related aspects
Ericsson

Continue discussion offline (R1-1610585) Daniel  
R1-1608632
Discussion on CRS based sPDCCH
Huawei, HiSilicon

R1-1608635
Discussion on DCI design for short TTI
Huawei, HiSilicon

R1-1608637
Discussion on sPUCCH design
Huawei, HiSilicon

R1-1608638
Discussion on sPUSCH design
Huawei, HiSilicon

R1-1608639
UCI on sPUSCH
Huawei, HiSilicon

R1-1608641
Discussion on UL RS for short TTI
Huawei, HiSilicon

R1-1608653
Discussion on CA issues for shortened TTI operation
Huawei, HiSilicon

R1-1608656
Discussion on sPUCCH resource for shortened TTI
Huawei, HiSilicon

R1-1608742
On sDCI design
CATT

R1-1608743
Design of sPDCCH structure
CATT

R1-1608744
Other issues for sPDCCH design
CATT

R1-1608746
DMRS design for sPUSCH
CATT

R1-1608747
DMRS design for DL sTTI
CATT

R1-1608750
sPUCCH design for sTTI
CATT

R1-1608751
Discussion on the simultaneous transmissions of (s)PUCCH and (s)PUSCH
CATT

R1-1608752
UCI transmission for LTE sTTI
CATT

R1-1608913
Discussion on sPDCCH design for sTTI
Spreadtrum Communications

R1-1608914
Discussion on sPUSCH design for sTTI
Spreadtrum Communications

R1-1608915
Discussion on DL RS design for sTTI
Spreadtrum Communications

R1-1608946
Discussion on sPDCCH for shortened TTI
Sony

R1-1609000
Overview of sTTI operations
Samsung

R1-1609002
sPDCCH for 2-symbol sTTI
Samsung

R1-1609003
sPDCCH for 1-slot sTTI
Samsung

R1-1609004
sPDSCH for 2-symbol/1-slot sTTI
Samsung

R1-1609005
sPUCCH for 2-symbol, 4-symbol, 1-slot sTTI
Samsung

R1-1609007
TDD-specific issues on sTTI operation
Samsung

R1-1609157
sPDSCH/sPDCCH with 2-symbol sTTI and 1-slot sTTI
NEC

R1-1609162
Simultaneous Transmissions of UL Signals for Shortened TTI Operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609163
On signaling details for flexible DMRS in UL shorter TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609164
sPUCCH Design for shortened TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609165
Considerations of slot-level sTTI for FS2 
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609214
Discussions on sPDCCH for latency reduction
LG Electronics

R1-1609216
sPUCCH for HARQ-ACK in shortened TTI
LG Electronics

R1-1609217
sPUCCH for CSI in shortened TTI
LG Electronics

R1-1609218
Discussion on CA operations for latency reduction
LG Electronics

R1-1609298
Discussion on HARQ timing for shortened TTI in TDD
CMCC

R1-1609324
On design of search space for short PDCCH
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609325
On details of flexible DMRS design for DL shorter TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-1609341
Discussion on sPDCCH for sTTI
ZTE, ZTE Microelectronics

R1-1609342
Discussion on PUCCH design for sTTI
ZTE, ZTE Microelectronics

R1-1609343
Study on PDSCH transmission in sTTI
ZTE, ZTE Microelectronics

R1-1609374
Study on PUSCH transmission in sTTI
ZTE, ZTE Microelectronics

R1-1609375
Simultaneous transmission and reception in sTTI
ZTE, ZTE Microelectronics

R1-1609485
DCI formats for shorten TTI
Intel Corporation

R1-1609486
On sPDCCH design for shoten TTI
Intel Corporation

R1-1609487
UL design aspects of TTI shortening
Intel Corporation

R1-1609572
Discussion on reference signal design for shortened TTI
Panasonic

R1-1609573
Discussion on multiplexing between sTTI and TTI in the same subframe
Panasonic

R1-1609574
UL simultaneous transmission between sTTI and TTI
Panasonic

R1-1609575
Discussion on single level DCI and two-level DCI
Panasonic

R1-1609908
Considerations on DCI design for shortened TTI
Beijing Xiaomi Mobile Software

R1-1609914
Shortened TTI design
Motorola Mobility

R1-1609915
Multiplexing of Regular TTI and shortened TTI
Motorola Mobility

R1-1609916
CSI aspects of shortened TTI operation
Motorola Mobility

R1-1610008
UL design for shortened TTI
Qualcomm Incorporated

R1-1610045
s(E)PDCCH for shortened TTI
NTT DOCOMO, INC.

R1-1610046
sPDSCH for shortened TTI
NTT DOCOMO, INC.

R1-1610047
sPUCCH for shortened TTI
NTT DOCOMO, INC.

R1-1610048
sPUSCH for shortened TTI
NTT DOCOMO, INC.

R1-1610093
sPDCCH design for short TTI
HTC Corporation

R1-1610096
On sPDCCH Design
InterDigital Communications

R1-1610097
On sPDSCH Design
InterDigital Communications

R1-1610098
On sPUCCH Design
InterDigital Communications

R1-1610099
On sPUSCH Design
InterDigital Communications

R1-1610230
Discussion on HARQ Process for Slot-based TTI
ASUSTEK COMPUTER (SHANGHAI)

R1-1610305
Design aspects of short PUSCH
KT Corp.

R1-1610321
DL DMRS design for TTI shortening
Ericsson

R1-1610322
sPDCCH search space design
Ericsson

R1-1610323
Design aspects of sPDCCH
Ericsson

R1-1610324
DL control for short TTI
Ericsson

R1-1610326
Design aspects of sPUSCH
Ericsson

R1-1610327
sPUSCH sTTI operation
Ericsson

R1-1610328
UCI on sPUSCH with short TTI
Ericsson

R1-1610329
Design aspects of sPUCCH
Ericsson

R1-1610332
TDD aspects of short TTI
Ericsson

R1-1610333
sTTI lengths combination in case of CA
Ericsson

R1-1610334
Asynchronous HARQ for UL retransmissions with short TTI
Ericsson

R1-1610335
Handling overlapping allocations with short and 1 ms TTI
Ericsson

R1-1610336
Puncturing sTTI in legacy TTI
Ericsson

R1-1610344
TBS scaling for short TTI
Ericsson
R1-1610619
WF on sPUCCH formats
Huawei, HiSilicon, Ericsson, Qualcomm, CATT
R1-1610814
WF on DMRS-based sPDCCH
ZTE, ZTE Microelectronics
1.1.7.2.2 Processing time
Including maximum TA, CSI processing and minimum data processing time
R1-1608642
Discussion on CSI feedback for short TTI
Huawei, HiSilicon

R1-1608643
Processing time reduction and related procedures for short TTI
Huawei, HiSilicon

R1-1608646
TDD-specific design for short TTI
Huawei, HiSilicon

R1-1608753
Implicit HARQ and scheduling timing design for LTE sTTI
CATT

R1-1608754
Explicit HARQ and scheduling timing design for LTE shorten TTI
CATT

R1-1609009
Processing time reduction for sTTI operation
Samsung

R1-1609220
Shortened processing time for shortened TTI length
LG Electronics

R1-1609221
HARQ timing in shortened TTI
LG Electronics

R1-1609376
Processing time reduction and related procedures
ZTE, ZTE Microelectronics

R1-1609488
On the processing time reduction for latency reduction
Intel Corporation

R1-1609871
Association timing for sTTI with different UL and DL lengths
Sharp

R1-1609872
Processing time reduction for TDD with 1-slot sTTI
Sharp

R1-1610009
Processing time reduction and related procedures for DL
Qualcomm Incorporated

R1-1610010
Processing time reduction and related procedures for UL
Qualcomm Incorporated

R1-1610011
TDD-specific design for shortened TTI
Qualcomm Incorporated

R1-1610049
Views on processing time reduction and related procedures
NTT DOCOMO, INC.

R1-1610050
Views on CSI feedback for shortened TTI with reduced processing time
NTT DOCOMO, INC.

R1-1610100
Processing Time Reduction for sTTI
InterDigital Communications

R1-1610330
On reduced processing time for short TTI
Ericsson
1.1.7.3 Others
R1-1609405
On the carrier aggregation system supporting shortened TTI operation
ITRI

R1-1609406
Discussion on the power headroom reporting for shortened TTI operation
ITRI

R1-1610012
Link evaluation of DL data transmission under symbol-dependent impact
Qualcomm Incorporated
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