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1.1.1 Study on Latency reduction techniques
SID in RP-150465
Focus on this SI in 2Q 2016 will follow approved WF (RP-160650)
R1-165827
Offline session notes
Ericsson
R1-165829
TP for conclusion of latency reduction SI
Ericsson

R1-165855
TP for conclusion of latency reduction SI
Ericsson

R1-165836
TP for latency reduction
Ericsson
R1-165856
TR update 
Ericsson

R1-165828          [Draft] LS on TR update for latency reduction
Ericsson
1.1.1.1 Channel design for shortened TTI
Provide channel design including reference signals for s(E)PDCCH, sPDSCH, sPUSCH, sPUCCH. Provide recommendations on supported sTTI length(s).
R1-164160
Downink control singaling design for shorten TTI
Intel Corporation

R1-164233
Design of sPUCCH for shortened TTI
CATT

R1-164459
UL channel design for shortened TTI
Qualcomm Incorporated

R1-164544
Discussion on sPUSCH design with TTI shortening
LG Electronics

R1-164867
CQI feedback overhead reduction in short TTI
Huawei, HiSilicon

R1-164923
Simultaneous Transmissions of UL Signals for Shortened TTI Operation
Nokia, Alcatel-Lucent Shanghai Bell
R1-165549
Way forward on sTTI length
Huawei, HiSilicon, Ericsson
Working assumption:
· It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· During the WI phase, down-selection is not precluded

· The working assumption is automatically confirmed by the end of Thursday if no significant issues are found

· Note: the supported sTTI lengths are not intended to impact discussion on additional subframe types in TDD. 
Note: the above working assumption is already confirmed for FDD, and updated for TDD
R1-165544 
Way Forward on sPUCCH design
LG Electronics, Ericsson , Panasonic, NTT DOCOMO, Sharp, KDDI
Agreement:

· The following  sPUCCH formats are recommended to be supported 
· One sPUCCH format for HARQ-ACK and/or SR feedback for a serving cell
· sPUCCH format(s) for multiple HARQ-ACK bits, e.g. as in CA and frame structure type 2
· The amount of sPUCCH formats to support is depending on the maximum identified payload size to support
· sPUCCH format allows for multiplexing of HARQ-ACK and SR
· FFS: sPUCCH format supports CSI feedback
R1-165550 
WF on UL DMRS for sTTI
Huawei, HiSilicon, Ericsson,Qualcomm
R1-165545
WF on DM-RS for sPUSCH
LG Electronics, CATT, NTT DOCOMO, Samsung
Agreement:

· For DM-RS of sPUSCH, the followings are recommended to be supported: 
· For the case of 1-slot TTI length, reuse the current DM-RS 
· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 
· At least 2 contiguous TTIs can be shared/multiplexed. FFS on sharing /multiplexing of more than 2 contiguous TTIs
· FFS on how to share/multiplex DM-RS (e.g., CDM, FDM, different BW between RS & data, and hybrid thereof) 
· FFS the DMRS position and whether it is indicated by eNB

R1-165523
sPDCCH
Ericsson

R1-165631
Way forward on sPDCCH
Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Mediatek, Sharp, Huawei, HiSilicon, CATT, CATR, Motorola Mobility, ZTE
Agreement:
· Confirm the working assumption
· Working Assumption:
· CRS-based sPDCCH is recommended to be supported 
· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 
· DMRS-based sPDCCH is recommended to be supported 
· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 
· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH
· Details are for further study, e.g., FFS whether unused resources is  RB or RE level
R1-165548
Way Forward on sPDCCH transmitted in sTTI and legacy PDCCH region
ZTE, ZTE Microelectronic

R1-165522
Way forward on sPDSCH
Ericsson, Huawei, HiSilicon, Panasonic
Agreement:

· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4
· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options
· the maximum number of supported layers is 2
· the maximum number of supported layers is 4
· the maximum number of supported layers is 8
· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot
R1-165547
Way forward on latency reduction for TDD
ZTE, CMCC, Ericsson, CATT, Sharp, DoCoMo

R1-165551
Way Forward on TDD FS2 for latency reduction Huawei, HiSilicon, Panasonic, CATT, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell
R1-165892
WF on TDD latency reduction
Huawei, HiSilicon, CMCC, Nokia, ASB, Panasonic, Ericsson, ZTE
Agreement:
· Regarding sTTI length:

· Confirm the working assumption for FS1 FDD
· Take the following agreement for FS2 TDD
· It is recommended to support a design that is based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH for FS2 TDD in Rel-14

· It is recommended to consider enhancements including other shorter sTTI duration(s), and additional DL-UL switching points/ additional subframe types for FS2 TDD latency reduction in Rel-15
R1-165546
WF on UCI transmission on sPUSCH
LG Electronics, Ericsson, Intel, Nokia, Alcatel-Lucent Shanghai Bell, NTT DOCOMO, Sharp
Agreement:

· The following principles on sPUSCH are recommended to be supported:
· UCI transmission on sPUSCH is supported
· FFS UCI mapping rule, especially considering the impact of DM-RS design
· FFS on which carrier to multiplex UCI on in case different sTTI lengths are used on different UL CA
· Note:

· The UCI herein refers to at least the ones for sTTI operations

· FFS whether or not the UCI also includes the ones for legacy TTI operations

R1-164232
Design of sPDCCH for shortened TTI
CATT

R1-164793
sPDCCH and sDCI design
Samsung

R1-165237
On two-level DL control channel design for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-164060
DCI design for short TTI
Huawei, HiSilicon

R1-165771

Conclusion:

· Further discussion during the WI phase (if WI is approved) regarding the single-level DCI vs. two-level DCI considering aspects such as overhead, complexity, potential scheduling restriction, search space design, the corresponding performance, impact of different TTI lengths (if any), etc.

· Note: this conclusion is not be included in the TR

R1-164058
Views on TTI length
Huawei, HiSilicon
R1-164059
sPDCCH design for short TTI
Huawei, HiSilicon

R1-164061
PUCCH design for short TTI
Huawei, HiSilicon

R1-164062
Discussion on DL RS for short TTI
Huawei, HiSilicon

R1-164063
Discussion on UL RS for short TTI
Huawei, HiSilicon

R1-164065
Discussion on CSI feedback for short TTI
Huawei, HiSilicon

R1-164068
The co-existence consideration of legacy TTI and sTTI in one carrier
Huawei, HiSilicon

R1-164115
Reducing UL RS overhead for sPUSCH
Mitsubishi Electric

R1-164161
Consideration on S-PDCCH design for latency reduction
Intel Corporation

R1-164162
UL design aspects of TTI shortening Intel Corporation
Intel Corporation

R1-164234
Design of sPUSCH DMRS
CATT

R1-164235
Discussion on the simultaneous transmissions of normal TTI and sTTI
CATT

R1-164458
DL channel design for shortened TTI
Qualcomm Incorporated

R1-164487
Details of Two-stage downlink control channel
NEC

R1-164541
Discussion on candidate length for sTTI
LG Electronics

R1-164542
Discussions on DCI and sPDCCH for latency reduction
LG Electronics

R1-164543
Discussions on sPDSCH for latency reduction
LG Electronics

R1-164545
Discussion on sPUCCH for HARQ-ACK in latency reduction
LG Electronics

R1-164546
Discussion on sPUCCH for CSI in latency reduction
LG Electronics

R1-164581
Discussion on DL control for shortened TTI
Spreadtrum Communications

R1-164582
Considerations on shortened TTI transmission within MBSFN subframe
Spreadtrum Communications

R1-164583
sTTI schedule impact due to MBSFN or ABS subframe
Spreadtrum Communications

R1-164639
Discussion on sPDCCH for shortened TTI
ZTE

R1-164640
PUCCH design and evaluation for shortened TTI
ZTE

R1-164642
Study on PDSCH transmission in shortened TTI
ZTE

R1-164643
Study on PUSCH transmission in shortened TTI
ZTE

R1-164649
Design of DL channels for shortened TTI
Lenovo (Beijing) Ltd

R1-164650
Design of UL channels for shortened TTI
Lenovo (Beijing) Ltd

R1-164663
Discussion on control signaling design for reduced TTI
HTC

R1-164794
sPUCCH design
Samsung

R1-164795
Discussion on sPDSCH
Samsung

R1-164796
Discussion on sPUSCH
Samsung

R1-164820
PUSCH design for short TTI
Huawei, HiSilicon

R1-164821
PDSCH design for short TTI
Huawei, HiSilicon

R1-164886
Discussion on low latency control channel design
CMCC

R1-164909
Discussion on reference signal design for shortened TTI
Panasonic

R1-164910
Discussion on multiplexing between sTTI and TTI in the same subframe
Panasonic

R1-164911
Discussion on single level DCI and two-level DCI
Panasonic

R1-164914
UL aspect of shortened TTI
Panasonic

R1-164922
sPUCCH Design for Shortened TTI
Nokia, Alcatel-Lucent Shanghai Bell

R1-164945
On supported Shorter TTI lengths and its configurability
Nokia, Alcatel-Lucent Shanghai Bell

R1-164946
On simultaneous unicast PDSCH and sPDSCH operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-164999
Shortened TTI for DL transmissions
Sharp, MTI

R1-165001
Channel design of shortened PUCCH
Sharp

R1-165049
Consideration on sPDCCH Design
InterDigital

R1-165050
Consideration on sPDSCH Design
InterDigital

R1-165051
Consideration on sPUCCH Design
InterDigital

R1-165052
Consideration on sPUSCH Design
InterDigital

R1-165069
Discussion on length of shortened TTI
China Telecommunications

R1-165109
Shortened TTI Design
Motorola Mobility

R1-165110
Multiplexing of Regular TTI and shortened TTI
Motorola Mobility

R1-165122
Discussion on latency reduction with short TTIs
Mediatek

R1-165123
Control channel design for latency reduction
Mediatek

R1-165209
sPDCCH for shortened TTI
NTT DOCOMO, INC.

R1-165210
sPDSCH for shortened TTI
NTT DOCOMO, INC.

R1-165211
sPUSCH for shortened TTI
NTT DOCOMO, INC.

R1-165212
sPUCCH for shortened TTI
NTT DOCOMO, INC.

R1-165213
Views on sTTI length
NTT DOCOMO, INC.

R1-165236
On DL control channel design for shorter TTI operation
Nokia, Alcatel-Lucent Shanghai Bell

R1-165249
Impact of shortened TTI on uplink transmission
ASUSTEK COMPUTER (SHANGHAI)

R1-165267
Discussion on PUCCH design for shortened TTI
KDDI Corporation

R1-165290
Discussions on the channel design for latency reduction
CATR

R1-165292
Physical design aspects of sPDCCH
Ericsson

R1-165293
sPDCCH search space design
Ericsson

R1-165294
DCI for sTTI scheduling
Ericsson

R1-165295
Physical design aspects of sPDSCH
Ericsson

R1-165296
Physical design aspects of sPUSCH
Ericsson

R1-165297
Physical design aspects of sPUCCH
Ericsson

R1-165298
Short TTI operation in FS2
Ericsson

R1-165299
On the operation with different TTI lengths
Ericsson

R1-165310
Discussion on short PUSCH design
KT Corp.
1.1.1.2 Processing time reduction and related procedures

Provide targets on how much the processing time/maximum TA can be reduced
R1-164885
Discussion on latency reduction for TDD
CMCC

R1-164638
Latency reduction solutions for TDD
ZTE

R1-164797
Discussion on processing time for TTI shortening
Samsung

R1-165300
On reduced processing time for short TTI
Ericsson
R1-165524
Way forward on processing timing reduction for sTTI

Ericsson

R1-165707
Way forward on processing timing reduction for sTTI

Ericsson
Agreement:
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13

· Details are FFS

· A single minimum delay between UL grant and UL data and between DL data and DL HARQ feedback is recommended to be supported for a given sTTI length

R1-165854
Way forward on processing timing reduction for sTTI

Ericsson
Agreements:
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is  n + k TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded
R1-164064
Discussion on UL scheduling timing  for short TTI
Huawei, HiSilicon

R1-164066
Discussion on DL HARQ timing  for short TTI
Huawei, HiSilicon

R1-164067
Processing time reduction for short TTI
Huawei, HiSilicon

R1-164163
On the processing time reduction and maximum TA limitations
Intel Corporation

R1-164236
TDD system design for shortened TTI and related procedures for latency reduction
CATT

R1-164460
Processing time reduction and related procedures for DL
Qualcomm Incorporated

R1-164461
Processing time reduction and related procedures for UL
Qualcomm Incorporated

R1-164462
TDD-specific processing time reduction and related procedures
Qualcomm Incorporated

R1-164470
Discussion on TTI shortening
Guangdong OPPO Mobile Telecom.

R1-164547
Processing time reduction for latency reduction
LG Electronics

R1-164641
Processing time reduction and related procedures
ZTE

R1-164912
Evaluation results on processing time reduction in physical layer
Panasonic

R1-164947
Legacy TTI processing time considerations for supporting latency reduction
Nokia, Alcatel-Lucent Shanghai Bell

R1-164948
sTTI processing time considerations for supporting latency reduction
Nokia, Alcatel-Lucent Shanghai Bell

R1-165214
Views on processing time reduction and related procedures
NTT DOCOMO, INC.

R1-165269
Discussion on HARQ Process for Slot-based TTI
ASUSTEK COMPUTER (SHANGHAI)

1.1.1.3 Remaining evaluation results
Remaining aspects of system and link evaluation results, e.g. FS2 related aspects
R1-164164
Link level evaluation for PDSCH in a short TTI
Intel Corporation

R1-164237
TDD system performance evaluation of latency reduction
CATT

R1-164238
System performance evaluation for dynamic control channel overhead
CATT

R1-164463
Updated link-level evaluation of TTI shortening in DL
Qualcomm Incorporated

R1-164464
Updated link-level evaluation of TTI shortening in UL
Qualcomm Incorporated

R1-164465
Updated system level evaluations
Qualcomm Incorporated

R1-164548
System-level simulation results for TDD scenario with latency reduction
LG Electronics

R1-164549
Further link level evaluation of sPUSCH for shortened TTI
LG Electronics

R1-164637
System-level performance evaluation for TDD
ZTE

R1-164823
Summary of performance evaluation for latency reduction in TDD
Huawei, HiSilicon

R1-164824
Performance evaluation for latency reduction based on frame structure set 3
Huawei, HiSilicon

R1-164825
Performance evaluation for latency reduction based on enhanced frame structure set 1
Huawei, HiSilicon

R1-164826
Performance evaluation for latency reduction based on enhanced frame structure set 2
Huawei, HiSilicon

R1-165076
Link level simulation results for S-PDCCH
Intel Corporation

R1-165077
System level simulations with FTP model 3
Intel Corporation

R1-165238
System level study on processing time reduction and TCP parametrization impact
Nokia, Alcatel-Lucent Shanghai Bell

R1-165301
Additional system level results for short TTI and downlink traffic
Ericsson

R1-165302
Additional system level results for short TTI and uplink traffic
Ericsson

R1-165303
Additional system level results for short TTI with different processing times
Ericsson

R1-165304
Additional link results for sPDSCH
Ericsson

R1-165305
Additional link results for sPUCCH
Ericsson
R1-165518
Updates to Link Level results
Ericsson
Conclusion:

· The TP is endorsed, but without the parts concerning the puncturing performance

R1-165519
Updates to Link Level observations

Ericsson
Conclusion:

· The TP is endorsed, except the following:
· Removing the following:

One source showed that puncturing of an PDSCH within a subframe long TTI by an short TTI significantly degrades the BLER performance and at higher modulation orders makes the PDSCH undecodable. Whether there are any enhancements to PDSCH reception in this case that would allow better reception performance has not been studied.
· Update the last sentence in the sPUCCH section with the following:

· For larger payload sizes e.g. 5 to 40 bits, can achieve tolerable performance with a longer sTTI length. Note that there is some coverage impact with shorter TTI lengths with large payload sizes.

R1-165520
Updates to System level results
Ericsson
Conclusion:

· The TP is endorsed

· Note: further update is necessary based on the new results available till midnight Tuesday
R1-165521
Updates to System level observations
Ericsson
Conclusion:

· The TP is endorsed, with the following updates in the last paragraph

· Updating:

· At least shown by two sources, under a given TDD UL/DL subframe configuration, introducing additional subframe types for a new UE can further reduce the U-plane latency for TDD compared to the case without introducing additional subframe types in the evaluated scenarios.  
· Including the impact analysis not limited to additional subframes types – Laetitia (Ericsson)
· Detailed wording to be worked on offline

· Further discussion offline whether or not to further update the following sentences:
· Two sources show that the performance of 14OS TTI length with reduced processing time (i.e. with reduced HARQ RTT and UL access delay) comes close to the one of slot based TTI length. However, source 4 shows that if 14OS TTI follows the same TBS assumption as 7OS TTI length, gains of 14OS TTI length with reduced processing time are smaller than the ones of other short TTI lengths.
· Three sources (R1-164548, R1-164637, R1-164823) show that in the most favourable situation for TTI shortening, introducing short TTI in existing TDD UL/DL configuration without additional subframe type can lead to large user perceived throughput improvement.  Four sources (R1-164823, R1-164237, R1-164637, R1-164548) show that in the most favourable situation for TTI shortening , introducing short TTI with additional subframe type within existing UL/DL configuration can lead to improved user perceived throughput compared to introducing short TTI without additional subframe type within existing UL/DL configurations, especially for short TTI length as 2OS. One source (R1-164548) shows that significant performance loss in 5th percentile user throughput with shorter TTI length like 2OS both with and without additional subframe type.
R1-165632
TP for inclusion of evaluation assumptions for FS2
Ericsson

Conclusion:

· The TP in R1-165632 is endorsed
R1-165705
Updates to System level results
Ericsson
Conclusion:

· The TP in R1-165705 is endorsed

R1-165706
Updates to System level observations
Ericsson

Conclusion:

· The TP is endorsed, except the following update:

· From “There is difficulty to schedule legacy UEs in the additional subframes and therefore the performance of legacy UEs is degraded. How much the degradation for  legacy UEs is has not been evaluated in the study item.  “

· To “The performance of legacy UEs is degraded with the introduction of additional subframe type. It has not been evaluated during the SI on how much degradation for legacy UEs. “
1.1.1.4 Others

R1-164069
Discussion on enhanced frame structure type 2 for latency reduction
Huawei, HiSilicon
R1-164070
Discussion on U-plane latency for TDD
Huawei, HiSilicon

R1-164584
HARQ feedback for sTTI scheduling
Spreadtrum Communications

R1-164798
TDD-specific issues on TTI shortening
Samsung

R1-164913
Additional subframe type for TDD
Panasonic

R1-164924
Considerations on shorter TTI for TDD duplex mode
Nokia, Alcatel-Lucent Shanghai Bell

R1-165003
Short TTI and processing time reduction for TDD
Sharp, MTI

R1-165215
Further Discussion about TDD Frame Structure for Latency Reduction
NTT DOCOMO, INC.

R1-165256
Latency Reduction for FS2 with 1-ms TTI
Nokia, Alcatel-Lucent Shanghai Bell
