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Shortened TTI and short processing time - Collection of RAN1 agreements sorted per topic
	This contribution lists RAN1 agreements made for Rel-15 Shortened TTI and processing time (WI code: LTE_sTTIandPT, WID in RP-170113) sorted by topic.
Since the purpose of this contribution is to serve as input to RAN1 CR drafting, this contribution does not capture observations and other informative notes, only agreements, working assumptions and conclusions with potential RAN1 specification impacts. 
Please note that 
· Some agreements have been combined or edited for better readability. 
· Agreements, working assumptions and FFSs that have been made obsolete by later agreements are not included. 
· In case of inconsistency between agreements, it is usually safe to assume that later agreements override earlier agreements. 
· This document is just an interpretation of the RAN1 agreements, i.e. this document does in no way override the official RAN1 minutes.
· Some FFSs have been removed if leaving the design too open for a constructive spec implementations while others have been kept, and in that case highlighted in yellow (FFS).
· Working assumptions have been kept (although not formal RAN1 agreements) and highlighted in dark yellow (Working assumption)

It is the intention that this document is a living document being updated after each RAN1 meeting using track changes to share with the rapporteurs of the specifications to track progress.




1	RRC parameters
The RRC configurations listed in this clause will to a large extent be overlapping with information provided in clause 2-4, considering that the RRC parameter information is difficult to completely separate from the associated agreement.
1.1	Shortened processing time for 1ms TTI
	Reduced processing time for one carrier is RRC configured for the UE jointly for UL grant and UL data and between DL data and DL HARQ feedback. The configuration applies per CC or PUCCH group (FFS)

	In case of FS1, PUCCH collisions between n+3 and n+4 UEs are solved by an RRC configured UE-specific starting offset


1.2	Shortened TTI with shortened processing time
	The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· sTTI operation is configured per CC 
· If sTTI is configured on any SCell within a PUCCH group, the cell carrying PUCCH shall be configured with sTTI with the sTTI combination of the PUCCH group
· sTTI operation can also be configured in a DL only SCell
· The same DL sTTI length is configured for the serving cells within the same PUCCH group 
· Different DL sTTI lengths can be configured for the serving cells across different PUCCH groups

	For a cross-carrier (if supported) scheduled CC, the starting symbol index of the first potential sPDSCH is configured by RRC.

	RRC configuration of sPDCCH search space and/or sPDCCH frequency region

	A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI

	· A sPDCCH RB set can be configured with at least the following information:
· A set of RBs 
· EPDCCH PRB allocation is reused
· Transmission scheme (e.g., CRS-based or DMRS-based)
· FFS: Dependent on subframe type
· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)
· FFS: Localized or distributed sPDCCH candidate to sCCE mapping
· Number of sPDCCH candidates/aggregation levels of the RB set
· FFS: Same or different sPDCCH candidates for different sTTI index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
· FFS: other information (if needed)

	A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG

	The number of OFDM symbols per RB set for CRS based sPDCCH is 1 or 2 configured by higher-layer signaling (FFS on 3 for 1-slot sTTI)

	For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, the number of RB(s) is configured by higher layer signaling as a value from 1 to X, FFS X

	Simultaneous transmission of sPUSCH/sPUCCH


2	UE capabilities
2.1	Shortened processing time for 1ms TTI
	The UE capability of reduced processing time for 1 ms TTI applies jointly for shortened processing time between UL grant and UL data and for shortened processing time between DL data and DL HARQ feedback.

	The UE capability of reduced processing time for 1 ms TTI is separately reported for FS1, FS2 and FS3

	UE capability signaling on the maximum number of CSI processes configured in TM10 a UE can update with shortened processing time


2.2	Shortened TTI with shortened processing time
	Working assumption
· UE capability signaling on the maximum number of CCs for sTTI operation is defined
· FFS on joint or separate UE capability on the maximum number of DL CCs and UL CCs
· FFS per sTTI combination
· FFS: Whether sTTI specific band/band combination is required

	· FFS between 
· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH
· Separate capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH are defined

	UE capability on capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

	Working assumption
If UE’s maximum processing capability is violated due to a need for decoding the sPDSCH received within a given subframe, a UE may stop processing the PDSCHs received during the past X subframes.
The value of X is defined as a UE capability, and take a value between 0 to k-1, where k is the time between PDSCH reception and the associated feedback


3 	Shortened processing time for 1ms TTI
3.1	Applicability
	PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.

	· 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); 
· Only when scheduled by PDCCH 

	· 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.
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing

	To adopt the shortened processing timing for the 1ms operation, only PDCCH based scheduling is supported.

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


3.2	Configuration of shortened processing time for 1ms TTI
	Reduced processing time(s) are RRC configured for the UE

	For 1ms TTI, shortened processing times between UL grant and UL data and between DL data and DL HARQ feedback for one carrier are jointly configured.

	Down-select between alt 1 and alt 2:
· Alt 1: Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing
· Alt 2: Shortened processing time for 1 ms TTI is configured per PUCCH group


3.3	Handling collisions between n+4 and n+3
	For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe

	Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 
· The UE is not expected to receive conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier
· Note: If the UE receives conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier, the UE behavior is left up to UE implementation

	For FS1, the UE is not expected to be able to receive UL grants with N+3 and N+4 timing in the same subframe and carrier
· Note: This might not imply specification changes

	For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times (e.g., n+3 and n+4) in a subframe for a given carrier.

	In case of FS1 to solve PUCCH collisions between n+3 and n+4 UEs:
· RRC configured UE-specific starting offset

	If the UE receives conflicting PHICH with n+4 timing and UL grant with n+3 timing scheduling PUSCH for the same UL subframe of a carrier, only the PUSCH scheduled by UL grant with n+3 timing is transmitted.
Note: This might not have specification impact

	For FS2, a UE is not expected to receive DL assignments with different processing time for the same carrier which result in HARQ-ACK occurring in the same subframe

	· For a HARQ-process with n+4 timing, layer 1 delivers HARQ-ACK to MAC layer regardless of a later received n+3 UL grant detection.
· If there is a collision with an n+3 UL grant, an explicit DCI is required for the retransmission, i.e. autonomous non-adaptive PUSCH retransmission is not adopted


3.4	FS2
3.4.1	UL scheduling timing
	· For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is defined as follows:
· Note: The timings highlighted in red are only applicable to special subframe configuration 10

	TDD UL/DL configuration
	Subframe number n

	
	0
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3.4.2	DL HARQ timing
	· For 1ms TTI in FS2 and for TDD UL/DL, the DL HARQ-ACK timing from PDSCH to HARQ-ACK for a minimum timing of n+3 is defined as follows:

	UL-DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-


· FFS: The order of the numbers in the table


3.5	HARQ
	· 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

	· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared

	· For a UE configured with n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4)

	· The maximum number of UL HARQ processes for n+3 1ms TTI is the same as for n+4 1ms TTI
· FFS: In case the UE is configured also with sTTI

	· The PUSCH UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared


3.6	CSI
	· A UE configured with shortened processing time for 1ms TTI, the timing of reference resource for periodic CSI is revised such that nCQI_ref  is the smallest value greater than or equal to 3
· For serving cells configured with shortened processing time for 1ms TTI, aperiodic CSI reporting triggered by UL grant on USS follows the same timing as UL-SCH (i.e., n+3)

	· For a UE configured with shortened processing time for 1ms TTI, the minimum value of nCQI_ref for the UE configured in TM 10 with multiple CSI processes for a serving cell is {legacy value-1}. 
· UE capability signaling on the maximum number of CSI processes a UE can update with shortened processing time. Details FFS


3.7	Maximum TA
	


3.8	Other
	Aperiodic sounding reference signal triggered by an UL grant in USS in subframe n is transmitted in the first available subframe n+3 or later, subject to the given UL subframe being configured for SRS transmission.


4	Shortened TTI with shortened processing time
4.1	Applicability
	[bookmark: _Hlk484104271]PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.
At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

	The sTTI design is not optimized for N_PRB <= 10

	Short TTI is not configured with extended CP


4.2	sTTI operation
4.2.1	sTTI combinations and configurations
4.2.1.1	General
	For FS1:
-	The design supports sTTI lengths of 2/3-symbols and 1-slot for sPDSCH/sPDCCH and sPUCCH/sPUSCH.
For FS2:
-	The design supports sTTI length of 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

	The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}. It is concluded that there is no consensus to support {2, 14} and {7, 14} in this WI.

	sTTI operation is configured per CC

	If sTTI is configured on any SCell within a PUCCH group, the cell carrying PUCCH shall be configured with sTTI with the sTTI combination of the PUCCH group

	sTTI operation can also be configured in a DL only SCell


4.2.1.2	DL
	For 2-symbol DL TTI, the sTTI patterns is dependent on the starting symbol index of the first potential sPDSCH and is defined as:

	Starting symbol index of 
the first potential sPDSCH
	

	1,3
	Pattern 1

	2
	Pattern 2



[image: ]
· For a cross-carrier scheduled CC, the starting symbol index of the first potential sPDSCH is configured by RRC. 
· For a self-carrier scheduled CC, the starting symbol index of the first potential sPDSCH equals to CFI value indicated by PCFICH.
· If the starting symbol index of the first potential sPDSCH is 1 and for sTTI 0, decide if sDCI can be transmitted in the symbol(s) after PDCCH region within this sTTI or in the legacy PDCCH region.
· Alt 1: choose PDCCH or sPDCCH by specification
· Alt 2: higher layer signaling to configure between PDCCH or sPDCCH
· For any possible first potential sPDSCH starting symbol index, DL sTTI 1 to 5 each contain sPDCCH candidates


	· For a given UE for which sTTI operation is configured
· The same DL sTTI length is configured for the serving cells within the same PUCCH group 
· Different DL sTTI lengths can be configured for the serving cells across different PUCCH groups


4.2.1.3	UL
	For 7-symbol TTI, the following sTTI structure is supported for sPUSCH
[image: ]

	For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]





	For 2/3os sTTI:
· The data symbol(s) for a sPUSCH are confined within a sTTI
· If sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· 1 or 2 for a sTTI with 3 symbols 


4.3.2	Flexible UL DMRS position
	For 2/3os sTTI:
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI 

	In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group
Note: Other combinations are FFS.
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D

	D D R
	D R
	D D
	D R
	D R
	

	
	D D
	
	D D | R
	D D
	

	
	D D | R
	
	
	D D | R
	


Note: | denotes the boundary of sTTI n


4.3.3	HARQ
	PHICH-less asynchronous UL HARQ for sPUSCH is supported.

	The total number of soft channel bits is not increased if UE supports sTTI operations, i.e. no new UE category need to be specified for sTTI.
· Note that this does not preclude defining UE category in the future release in the sTTI operation


4.3.4	Collisions in UL
4.3.4.1	sTTI/sTTI
	· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE
· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH
· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH
· FFS whether some priority rule applies for inclusion of UCI from sPUCCH


4.3.4.2	sTTI/TTI
4.3.4.2.1	General
	· Simultaneous transmission of TTI and sTTI UL channels is not allowed within the same carrier on overlapped symbols
· PUSCH and sPUSCH
· PUCCH and sPUCCH
· PUSCH and sPUCCH
· PUCCH and sPUSCH


4.3.4.2.2	PUSCH/sPUSCH
	In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUSCH 
· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission
· FFS: HARQ-ACK of PUSCH is transmitted on sPUSCH
· FFS on how to map HARQ-ACK of PUSCH to sPUSCH
· FFS on whether CSI of PUSCH is dropped or not
· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted


4.3.4.2.3	PUSCH/sPUCCH
	


4.3.4.2.4	PUCCH/sPUCCH
	In case of collision between PUCCH format 2/4/5 and sPUCCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUCCH
· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission
· FFS: HARQ-ACK of PUCCH is transmitted on sPUCCH
· FFS on how to map HARQ-ACK of PUCCH to sPUCCH
· CSI of PUCCH is dropped 
· FFS if a requirement on the time of dropping prior to sPUCCH transmission is adopted
FFS for other PUCCH formats


4.3.4.2.4	PUCCH/sPUSCH
	In case of collision between PUCCH format 2/4/5 and sPUSCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUSCH
· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission
· FFS: If HARQ-ACK of PUCCH is transmitted 
· FFS on whether CSI of PUCCH is dropped or not
· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted
FFS for other PUCCH formats


4.4	DL control channel design
4.4.1	sTTI scheduling
	For sPUSCH, a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH. 

	A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or unicast sPDSCH

If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH
· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH
· No special consideration is specified for overlapping of sPDSCH and PDSCH
Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH
· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH


	At least for single sTTI scheduling:
· The sDCI scheduling sPDSCH transmission in sTTI N is transmitted in sTTI N

	1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
a) sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH
b) Legacy DCI content is the starting point for sDCI1
c) Reduce payload size of sDCI1
i. Increase the granularity of resource block assignment 
1. FFS the applicability and granularity for each resource allocation type
ii. FFS: Jointly indicate some of the information
iii. FFS: which DCI fields to remove from the legacy DCI
iv. Other methods to decrease the sDCI1 size are not precluded
d) FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
2. sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.
a) Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;
i. Multiple subframe scheduling for eLAA can be the starting point
3. A UE is configured with at least sPDCCH frequency resource by higher layer signaling
a) Whether sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion
4. If sDCI2 is supported, 
a) The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
i. Single level scheduling: UE monitors sDCI1 in every sTTI.
ii. Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
b) The candidates include the following information
i. Aggregation level and/or candidates of sDCI1;
ii. PRB set to sDCI1 monitoring;
iii. Activation/deactivation information of sDCI1 monitoring 
iv. TPC command
v. Note: Other candidates are not precluded

	Working assumption:
In case of dynamic switching from PDSCH scheduling within subframes n-X to n-1 to sPDSCH scheduling in subframe n over a given carrier, if UE’s maximum processing capability is violated due to a need for decoding the sPDSCH received within a given subframe, a UE may stop processing the PDSCHs received during the past X subframes.
· The value of X is defined as a UE capability, and take a value between 0 to k-1, where k is the time between PDSCH reception and the associated feedback
· A UE should provide HARQ ACK/NAK feedback for the PDSCHs where processing has been stopped.
· FFS how maximum processing capability is defined


4.4.2	sPDCCH design
	Both CRS-based and DMRS-based sPDCCH is supported.

	RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH

	· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH)
· QPSK is used for sPDCCH.
· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 
· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· Frequency resource for sPDCCH can be informed by eNB.

	· One or two RB set(s) is configured by higher layer signaling for sPDCCH frequency resource of a UE
· FFS on the number of RBs per set

	An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

	An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH

	A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS definition of localized mapping

	A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.
· One sPDCCH candidate is contained within one RB set

	The number of OFDM symbols per RB set is for
· CRS based sPDCCH 
· for 2/3-symbol sTTI: 1 or 2 (configured by higher layer)
· for 1-slot sTTI: 1 or 2 (FFS: 3) (configured by higher layer)
· DMRS based sPDCCH
· for 2/3-symbol sTTI: 
· 2 for 2-symbol sTTI#1,2,3,4
· FFS: 3 for 3-symbol sTTI#1 and #5
· FFS: sTTI#0
· for 1-slot sTTI: 2

	· SFBC is supported for CRS-based sPDCCH
· FFS number of antenna ports
· Single port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· FFS if two port DMRS-based sPDCCH demodulation is supported
· FFS bundling size

	· A sPDCCH RB set can be configured with at least the following information:
· A set of RBs 
· EPDCCH PRB allocation is reused
· Transmission scheme (e.g., CRS-based or DMRS-based)
· FFS: Dependent on subframe type
· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)
· FFS: Localized or distributed sPDCCH candidate to sCCE mapping
· Number of sPDCCH candidates/aggregation levels of the RB set
· FFS: Same or different sPDCCH candidates for different sTTI index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
· FFS: other information (if needed)


4.4.3	Search space for sTTI operation
	Each short TTI on DL may contain sPDCCH decoding candidates.


4.4.4	sPDCCH multiplexing with data
	sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH


4.5	UL control channel design
4.5.1	sPUCCH format design
4.5.1.1	General
	The following sPUCCH formats should 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

	For a given UE, a sPUCCH format follows a fixed sTTI mapping where the same sTTI boundaries, data symbol placements (except the last symbol in the subframe - depending on SRS) and DMRS symbol placements (if used) are the same in every subframe.

	· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)
· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)
· DMRS based demodulation


4.5.1.2	2/3os
	For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, sPUCCH format based on PUCCH format 4 is supported 
· QPSK is used;
· No frequency hopping within a sPUCCH
· No sequence spreading on data symbol(s)
· One UL DMRS symbol
· Reuse legacy DMRS sequence generation
· The DMRS is in the first symbol for 2/3OS sPUCCH
· The number of RB(s) is configured by higher layer signaling as a value from 1 to X, FFS X.
· FFS on whether IFDMA is used

	Working assumption
The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different cyclic shifts (i.e., ACK and NACK are indicated based on cyclic shift index)
· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· FFS: How to handle SR + HARQ, hopping pattern, A/N information mapping to CS
To be confirmed by RAN1#90


4.5.1.3	7os
	· Intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format
· No intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format
· No dynamic switch between intra-sTTI frequency hopping and no intra-sTTI frequency hopping for the same slot-based sPUCCH format
· FFS: whether the same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping

	The following sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any) is supported for 7-symbol sTTI:
	sPUCCH format carrying up to 2 bits HARQ-ACK + SR (if any)

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	Non-hopping, and, Hopping

	DMRS pattern
	No hopping: Reuse DMRS pattern of PUCCH format 1/1a/1b 
Hopping: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot

Note: OCC is not applied across hopping boundary

	Number of RBs for PUCCH resource
	1 RB





	For 7-symbol sPUCCH format carrying more than 2 HARQ bits, and SR, if any, PF4-based sPUCCH format is supported.

	PF4-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	FFS if hopping and/or no hopping is used

	DMRS pattern
	Non-hopping (if supported): Reuse DMRS pattern of PUCCH format 4
Hopping (if supported): 
{X X X | X X X X} for the first slot, {X X X X | X X X} for the second slot
Note that the bar | indicates a hopping boundary and X can be either data or DMRS symbol
FFS on DMRS pattern

	Number of RBs for PUCCH resource
	1 or multiple RBs



· RAN1 down-select between the following three alternatives:
· Alt 1: No additional sPUCCH format, in addition to PF4-based sPUCCH,  is supported 
· Alt 2: Support in addition PF3-based 7OS sPUCCH
· Alt 3: Support in addition PF3-based, and PF5-based 7OS sPUCCH
· FFS: Coding methods 
· In case multiple formats are supported, FFS on format selection 
· PF5-based sPUCCH format details FFS
· PF3-based sPUCCH format, if supported

	PF3-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse DMRS sequence for PUCCH format 3

	Intra-sTTI hopping
	Non-hopping, FFS: hopping

	DMRS pattern and OCC
	Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC
Hopping: FFS on details if supported

	Number of RBs for PUCCH resource
	1 RB





4.5.2	sPUCCH resource management
4.5.3	UCI on sPUSCH
	UCI transmission on sPUSCH is supported
NOTE:	The UCI herein refers to at least the ones for sTTI operations


4.5.4	CSI reporting for sTTI
4.5.5	sPUCCH power control
4.6	DL data channel design
4.6.1	sPDSCH design
	Both CRS based TMs and DMRS based TMs are supported for DL sPDSCH transmission. 
No change for CRS definition is envisioned. 
For a CRS based sTTI transmission scheme the maximum number of supported layers is 4.
For a DM-RS based sTTI transmission scheme the number of supported layers for 
· 2/3 symbols sTTI is at least 2 (FFS: 4 layers)
· 1-slot sTTI is up to 4
A UE is expected to handle the following cases in the same carrier in a subframe: 
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH


	· 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

	· Resource allocation type 1 for sPDSCH is not supported

	The sPRG size for 2/3os sPDSCH is N (sPRG of N RBs)
· FFS: N is the same for all system BW or is system BW specific
· Down-select N from [2, 3, 4 and 6]


4.6.2	DL DMRS design
	· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.

	· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.
· Down-selected between option 1, 2, 3.
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, X=2N+1 or X=2N 
· N is the number of RBs. X subcarriers per N RB(s)

	· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.
· Sharing across subframes is not supported 
· FFS: Sharing across slots
· FFS: 3 consecutive sTTIs
· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.


4.7	UL data channel design
4.7.1	sPUSCH design
	For both 2-symbol and 1-slot sPUSCH transmission 
· Up to 2-layer transmission is supported
· FFS 4-layer is supported

	An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH


4.7.2	UL DMRS design
	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.

	IFDMA DMRS is supported for 2-symbol based sPUSCH
· Support RPF=2
· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH
· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol
· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)

	· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB
· FFS how to indicate UL DMRS position
· FFS whether or not to support fixed UL DMRS position
· For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported
· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot



	· For UL transmission for sTTI
· TM1 and TM2 are supported


4.7.3	sPUSCH power control
4.8	FS2 aspects
4.9	Maximum TA and processing time
	The maximum TA for sTTI is reduced compared to Rel-13.
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
-	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
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

	If multiple processing timelines for a given sTTI combination are allowed, then only one processing timeline per PUCCH group is configured


4.10	Other
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