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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.

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

	Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing.
NOTE: In case some issues might be encountered further restrictions can be considered

	Cross-carrier scheduling for short processing time is supported within the same PUCCH group. Both scheduling and scheduled cell shall be configured with short processing time


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

	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
· No maximum size needs to be specified for an sPDCCH RB set.
· The frequency resources of a configured RB set are identical across all sTTIs
· Transmission scheme (e.g., CRS-based or DMRS-based)
· An RB set can be configured to apply to MBSFN, non-MBSFN subframes, or all subframes
· Localized or distributed sCCE to sREG mapping 
· FFS: Localized or distributed sPDCCH candidate to sCCE mapping
· Number of sPDCCH candidates/aggregation levels of the RB set
· For a given RB set, and a given sTTI index in the subframe, the configured number of sPDCCH candidates per aggregation level is associated with one of up to two sets. The sTTIs where the first set is applied are indicated by a bitmap (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). The sTTIs where the second set is applied are deduced from the complement. For example, if bitmap ‘11001’ is signaled, set 1 applies to sTTI index 1,2,5 and set 2 to sTTI index 3,4.
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space
· The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space
· The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling.
· FFS if the actual starting index is signalled, or if a parameter impacting the starting index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· The number of OFDM symbols per RB set for CRS based sPDCCH is 1 or 2 configured by higher-layer signaling.
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
· FFS: other information (if needed)

	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

	· RAN2 specification should allow for different UL sTTI lengths to be configured for the serving cells across different PUCCH groups for which sTTI operation is configured. Such a configuration might be restricted in RAN1 specifications later on.
· NOTE: Power allocation and applicable band combinations for this case is FFS
· NOTE: No specific optimization for power allocation is intended

	A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 
- FFS: The value of M_total.
- FFS: The total number of RB sets configurable to a UE

	Whether the UE-specific search spaces for different UEs overlap is up to configuration

	The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI

	· One of four sPUCCH resources configured by higher layer is indicated by a 2-bit field in sDCI1 at least for the following sPUCCH formats, 
· 2/3-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 
· 2/3-OS sPUCCH format carrying up to 2 bits ACK/NACK, one of four sPUCCH resource groups configured by higher layer is indicated by a 2-bit field in sDCI1. Each group contains 2 or 4 sPUCCH resources (depending on the expected number of HARQ-ACK bits) configured by higher layer.
· ACK/NACK information map to different sPUCCH resource
· NOTE: sPUCCH resource consist of RB index and cyclic shift
· 7-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 
· 7-OS sPUCCH format carrying up to 2 bits ACK/NACK

	1-slot sPUCCH format 4
· #RBs is signaled by higher layer signaling and can be configured between 1 to 8.

	· For UCI on sPUSCH: 
· The beta offset values for sPUSCH and PUSCH are independently configured.
· The beta offset table for 1 ms operation is re-used
· FFS: If aperiodic CSI on sPUSCH is supported

	· The maximum number of supported UL and DL sTTI carriers is the same as in 1 ms TTI operation

	· In sTTI operation, there is no restriction for RB sets to be fully non-overlapping by specification

	The overall search space (over all ALs and RB sets) configured to a UE is limited up to 16 sCCEs for 2/3os.
· - FFS for 7os

	7-OS sPUCCH format selection:
If sPF3 and sPF4 are configured: 
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3-11 bits HARQ, sPUCCH format 3
· 12 bits HARQ or more, sPUCCH format 4
If only sPF4 is configured:
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3 bits HARQ or more, sPUCCH format 4
If only sPF3 is configured
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3-11 bits HARQ, sPUCCH format 3

	The periodicity of sSR sent on 7OS sPUCCH is set as one of from {0.5ms, 1ms, 2ms, 5ms, 10ms}

	The periodicity of sSR sent on 2/3-OS sPUCCH is set as one of from {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}

	For UCI on sPUSCH: 
· The HARQ-ACK offset values are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.
· If CSI transmission on sPUSCH is supported, the beta offset values for CSI are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.

	
For sPUCCH, the parameter of   is defined relative to PUCCH format 1a (as in legacy) and separately configured for sTTI operation from 1ms TTI operation.

	The delta_F values can be configured by higher layer signalling in the range

	sPUCCH format
	Proposed parameter range

	2/3os sPUCCH, format 1a
	5,6,7,8,9,10,11,12

	7os sPUCCH, format 1a
	1,2,3,4,5,6,7,8

	2/3os sPUCCH, format 1b
	6,7,8,9,10,11,12,13

	7os sPUCCH, format 1b
	3,4,5,6,7,8,9,10

	7os sPUCCH, format 3
	4,5,6,7,8,9,10,11

	2/3os sPUCCH, format 4 (RM)
	15,16,17,18,19,20,21,22

	2/3os sPUCCH, format 4 (TBCC)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (RM)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (TBCC)
	10,11,12,13,14,15,16,17


The delta-F for sPUCCH format 1 is supported only for slot-sPUCCH. 
· FFS on candidate values of delta-F for slot-sPUCCH format 1

	
 is separately configured for sTTI operation using the same parameter range as for 1 ms operation.

	DL transmission modes for sTTI and 1ms TTI are configured independently.
- NOTE: This does not require sTTI specific CSI reporting

	UL transmission modes for sTTI and 1ms TTI are configured independently.

	The subframe type (MBSFN and non-MBSFN) dependent TM configuration supported. 
FFS on CSI reporting on the configured TM.
Note: The configured processing timeline and the maximum TA are applicable to both TMs configured for MBSFN and non-MBSFN subframes.

	The minimum processing time assumption for 2/3os sTTI operation is configured by RRC.

	· Both semi-static and dynamic codebook size are supported for sHARQ-ACK feedback in sTTI. 
· Independent RRC signalling between using semi-static and dynamic codebook size is separately configured for sTTI configuration {2,2}, {2,7}, {7,7} and 1ms TTI.

	For sPUSCH power control, both TPC accumulation and TPC non-accumulation modes for closed-loop power adjustment are supported. 
· FFS on whether to reuse the parameter “Accumulation-enabled” for 1ms TTI operation in order to indicate the mode for closed-loop power adjustment of sPUSCH.


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
· (change of wording from previous agreement)

The UE capability is reported per band combination. For each band combination the maximum number of supported CCs for short processing time are reported. The reported number of carriers apply to all the FS-type(s) supported. The supported FS-type(s) are also reported per band combination.

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

	· Define separate UE capability per sTTI length combination {DL,UL}: 
· {2,2},{2,7},{7,7},{7,7}+{2,7},{2,2}+{2,7},{7,7}+{2,2}
· NOTE: The last two combinations only apply if different UL sTTI lengths in different PUCCH groups are supported.
· For each combination above, define separate UE capability on the maximum number of DL CCs and UL CCs for sTTI operation
· Define separate UE capability per band/band combination

	· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH

	· In case of switching from 1ms PDSCH scheduled within TTIs n-WDL to n-1(i.e. including all CCs) to an sPDSCH in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing PDSCH(s) is up to the UE implementation.
· In case UE skips PDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time. The UE indicates a separate capability per DL sTTI length.
· The UE should attempt to skip the processing of as small number of PDSCH(s) as possible.
· In case of switching from the reception of PUSCH grants within TTIs n-WUL to n-1 (i.e. including all CCs) to the sPUSCH grant in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing/transmission of PUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued PUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1ms TTI UL scheduling time. The UE indicates a separate capability per UL sTTI length.
· The UE should attempt to skip the processing/transmission of as small number of PUSCH(s) as possible.

	Tx diversity in sPUCCH format 1/1a/1b/3 is defined as in legacy PUCCH and is a separate UE capability between 1 ms and sTTI.

	For 2/3os and 1-slot sPUSCH, single codeword sPUSCH transmission for up to 4 layers is supported. The UE will indicate the number of supported layers for sPUSCH as UE capability, independent of UL sTTI length. No new precoder in the UL is defined

	Simultaneous transmission of different TTI lengths across different carriers are allowed only if a UE reports the capability. A common capability/configuration is defined regardless of UL TTI length combinations. The capability is defined per band/band combination. The UE capability is not separated per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH},{sPUSCH,sPUSCH},{sPUSCH,sPUCCH},{sPUCCH,sPUCCH})

	· For subslot TTI operation related to timing advance operation, the UE signals its capability for 2/3os sTTI between set 1 and set 2 for:
1. 1 os CRS based sPDCCH
2. 2 os CRS based sPDCCH 
3. DMRS based sPDCCH 
FFS: UE capability dependent on RS type for data.
· The maximum timing advance supported is:
· 1 ms, short processing time: 200 us
· 7os: 310 us
· 2/3os:
· TA1: 67 us
· TA2: 167 us
· In all above TTI length configurations and processing time configurations, the gap between first UL and latest DL carrier is less than TAmax given above (expected impact on 3GPP TS 36.133). Details FFS.


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: 
· 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.


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.

	Shortened processing time for 1 ms TTI is configured per CC. The cell carrying the PUCCH should be configured with n+3 timing.
NOTE: In case some issues might be encountered further restrictions can be considered

	Cross-carrier scheduling for short processing time is supported within the same PUCCH group. Both scheduling and scheduled cell shall be configured with short processing time


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

	For FS1, if a UE detects DCI format 3/3A in subframe n and also detects dedicated UL grant with n+3 timing in subframe n+1, then for PUSCH transmission in subframe n+4, the UE shall use TPC command provided in the dedicated UL grant transmitted in subframe n+1.


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
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3/6
	3/6
	
	
	
	3/6
	3/6
	
	
	

	1
	3
	5
	
	
	3
	3
	5
	
	
	3

	2
	
	
	
	3
	3
	
	
	
	3
	3

	3
	3
	3
	
	
	
	
	
	
	3
	3

	4
	3
	
	
	
	
	
	
	
	3
	3

	5
	
	
	
	
	
	
	
	
	3
	3

	6, SSC 0-9 
	4
	6
	
	
	
	3
	6
	
	
	4

	6, SSC 10
	3/4
	5/6
	
	
	
	3
	5
	
	
	3




	When shortened processing time is configured for a UE, the following table is used to determine KPUSCH for power control. 
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	6
	6
	3
	3
	-
	6
	6
	3
	3

	1
	-
	5
	3
	3
	-
	-
	5
	3
	3
	-

	2
	-
	3
	3
	-
	-
	-
	3
	3
	-
	-

	3
	-
	3
	3
	3
	3
	-
	-
	-
	-
	-

	4
	-
	3
	3
	3
	-
	-
	-
	-
	-
	-

	5
	-
	3
	3
	-
	-
	-
	-
	-
	-
	-

	6, SSC 0-9 
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-

	6, SSC 10
	-
	5
	3
	3
	4
	-
	5
	6
	3
	-


The highlighted values with red are for special subframe configuration 10.


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
	-



For a carrier configured with shortened processing time, DL HARQ-ACK timing from PDSCH to HARQ-ACK, bit ordering, and PUCCH resource are determined by using the table below:

	TDD UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	(6)
	3
	(4),3
	-
	-
	(6)
	3
	(4),3

	1
	-
	-
	(7), 6, 3
	(4),3
	-
	-
	-
	(7), 6, 3
	(4),3
	-

	2
	-
	-
	(8), 7, 4, 6, 3
	-
	-
	-
	-
	(8), 7, 4, 6, 3
	-
	-

	3
	-
	-
	7, 6, (11), 5
	(6), 5, 4
	(5), 4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	(12), 8, 7, 11, 6
	6, 5, 4, (7), 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	(13), 12, 9, 8, 7, 5, 4, 11, 6, 3
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	(7), 6
	(7), 4
	(5), 4
	-
	-
	(7), 6
	(7), 3
	-



Notes: 
•       DL subframes only for UEs not configured with shortened processing time are in parentheses
•       DL subframes only for UEs configured with shortened processing time are highlighted in red.
•       DL subframes highlighted in green are common for both above UE types
•       A UE configured with shortened processing time should take into account: 
•       DL subframes for UEs with applying either processing time (numbers highlighted in green), and DL subframes only for UEs configured with shortened processing time (numbers highlighted in red) in order to determine HARQ-ACK codebook for a certain UL subframe 
•       Additionally, the UE should also consider DL subframes only for UEs not configured with shortened processing time (the ones in parentheses) in order to reserve PUCCH resource, .i.e. implicit resource allocation is applied, without an additional RRC configured starting position


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

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

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

	In case the UE is not configured with sTTI, the maximum number of UL HARQ processes for n+3 1ms TTI is the same as for n+4 1ms TTI

	Amend the following fields to DCI format 0 and format 4 of an UL grant scheduling PUSCH with reduced processing time: 
· HARQ ID 
· ceil(log2(UL HARQ processes for sTTI)) if configured with sTTI, 3 bit otherwise
· 2 bit RV indicating {0,1,2,3} 
· In case DCI format 4, the indicated RV applies to both PUSCH CWs

	HARQ-ACK transmission in subframe n can consist of HARQ-ACK bits for PDSCH(s) scheduled with shortened processing timing on some serving cells and HARQ-ACK bits for PDSCH(s) scheduled with legacy processing timing on other serving cells.

	For semi-static HARQ-ACK codebook determination in FS1, 
· HARQ-ACK transmission in subframe n consists of HARQ-ACK bits 
· for PDSCH(s) transmitted in the serving cell(s) configured with shortened processing time correspondingto PDCCH detected in USS in subframe n-3 or corresponding to PDCCH detected in CSS in subframe n-4,
· and for PDSCH(s) transmitted in the serving cell(s) not configured with shortened processing time corresponding to PDCCH/EPDCCH detected in subframe n-4.
· Note: HARQ-ACK bit index is increased over cell index.


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
	The maximum timing advance supported for 1 ms, short processing time operation is 200 us


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.

	For shortened processing time with 1ms TTI, the modified DCI formats for n+3 timing are applied only to USS, and the legacy DCI formats 0/4 are applied to CSS


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

	The maximum number of supported UL and DL sTTI carriers is the same as in 1 ms TTI operation

	· No HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation. 
· FFS on supporting HARQ-ACK bundling

	· Both semi-static and dynamic codebook size are supported for sHARQ-ACK feedback in sTTI. 
· Independent RRC signalling between using semi-static and dynamic codebook size is separately configured for sTTI configuration {2,2}, {2,7}, {7,7} and 1ms TTI.


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 self-carrier scheduled CC, the starting symbol index of the first potential sPDSCH equals to CFI value indicated by PCFICH.
· 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 

	If a UE is not configured with simultaneous transmission of PUSCH and PUCCH, the UE is not expected to transmit sPUCCH and only DMRS of sPUSCH simultaneously within the same sTTI (i.e., within sTTI#n+1 in case { DD | R } is indicated for sTTI#n and sTTI#n+1 respectively


 	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

	Support HARQ process sharing between TTI and sTTI
· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes
· If configured with sTTI on a CC:
· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 
· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants
· The re-transmission of a TB with another (s)TTI length is possible if:
· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length
· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.
· FFS other restrictions

	HARQ-ACK bundling across different TTI lengths is not supported


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

	When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.
- The feedback on sPUSCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).


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

	If a UE is not configured with simultaneous transmission of PUSCH and PUCCH, and if more than two three UL channels are collided within the same subframe on a given carrier, collision handling between two UL channels of same TTI length is first applied, followed by collision handling of two UL channels of different TTI length.


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 should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK of PUSCH is transmitted on sPUSCH
· Spatial bundling for HARQ-ACK of PUSCH before mapping onto sPUSCH is supported.
· For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied
· FFS other bundling
· No requirement on the time of dropping prior to sPUSCH transmission is adopted
· CSI of PUSCH is dropped

	If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH, PUCCH, and sPUSCH are collided within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUSCH. The UE shall not resume the dropped/stopped transmission. 
· HARQ-ACK of PDSCH is transmitted on sPUSCH
· CSI on PUSCH or PUCCH is dropped

	If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH is collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 
· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUSCH is dropped

	If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH and PUCCH are collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 
· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUSCH or PUCCH is dropped


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 should 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
· The UE shall not resume the dropped/stopped transmission
· CSI of PUCCH is dropped 

	In case of collision between PUCCH format 1/1a/1b/3 and sPUCCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUCCH
· The UE, should attempt drop/stop, as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 1/1a/1b/3
· The UE should strive to drop the PUCCH at a slot boundary before the start of the sPUCCH transmission.
· The UE shall not resume the dropped/stopped transmission

	In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier, CSI of PUCCH is dropped

	In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier for a UE
· HARQ-ACK of PUCCH is transmitted on 1-slot sPUCCH 
· Spatial bundling of HARQ-ACK of PUCCH is applied when configured
· No new higher layer signaling for spatial bundling is added. Existing signaling is re-used for the collision case.
· HARQ-ACK of PUCCH is transmitted on 2/3-os sPUCCH 
· Spatial bundling of HARQ-ACK of PUCCH is always applied
· FFS on other bundling
· Joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.
· The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).
· FFS: How to resolve ambiguity between UE and eNB on reported HARQ-ACK.

	When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, HARQ and sHARQ bits are determined independently


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 should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5
· The UE shall not resume the dropped/stopped transmission

	In case of collision between PUCCH format 1/1a/1b/3 and sPUSCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUSCH
· The UE, should attempt drop/stop, as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 1/1a/1b/3
· The UE should strive to drop the PUCCH at a slot boundary before the start of the sPUSCH transmission.
· The UE shall not resume the dropped/stopped transmission

	In case of collision between PUCCH and sPUSCH in the same subframe on a given carrier for a UE
· HARQ-ACK of PUCCH is transmitted on sPUSCH
· Spatial bundling for HARQ-ACK of PUCCH before mapping onto sPUSCH is supported.
· For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied
· FFS other bundling
· CSI of PUCCH is dropped

	If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUCCH is collided with sPUSCH and sPUCCH of the same sTTI within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUCCH, and shall transmit sPUSCH and sPUCCH. The UE shall not resume the dropped/stopped transmission. 
· HARQ-ACK of PDSCH is transmitted on sPUCCH
· CSI on PUCCH is dropped


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 
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

	· In case of switching from 1ms PDSCH scheduled within TTIs n-WDL to n-1(i.e. including all CCs) to an sPDSCH in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing PDSCH(s) is up to the UE implementation.
· In case UE skips PDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.
· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time. The UE indicates a separate capability per DL sTTI length.
· The UE should attempt to skip the processing of as small number of PDSCH(s) as possible.
· In case of switching from the reception of PUSCH grants within TTIs n-WUL to n-1 (i.e. including all CCs) to the sPUSCH grant in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing/transmission of PUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued PUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1ms TTI UL scheduling time. The UE indicates a separate capability per UL sTTI length.
· The UE should attempt to skip the processing/transmission of as small number of PUSCH(s) as possible.

	Cross-carrier scheduling is not supported for sTTI

	DL TM-dependent sDCI format is defined in each TM for sTTI operation with bit fields for which those of the legacy DL TM-dependent DCI format in the corresponding TM are the baseline

	Following fields are removed from the baseline fields of DL sDCI format.
- Carrier indicator, MUST interference MUST interference presence and power ratio
- Second TB-related, TB to CW swap if the working assumption to support a single codeword for sPDSCH is confirmed.
- RA header field (RA type 0/type1)
- FFS: flag for format 0/1A, scrambling identity, TPC command, aperiodic zero-power CSI-RS resource indicator for PDSCH RE mapping, SRS request

	Following fields are inserted into the baseline fields of DL sDCI format.
- DMRS indication for 2/3 os sTTI
- ARI
- sPDCCH resource reuse if dynamic mechanism for the reuse of unused sPDCCH resource by explicit indication is agreed to be supported.
- FFS: UL/DL differentiation flag, Transmission scheme flag, sDCI/DCI flag, RA header, Number of scheduled sTTIs for multi-sTTI scheduling

	The bit size of UL/DL flag of UL/DL sDCI format (if agreed to be inserted into the baseline UL/DL sDCI format) is 1 bit.

	If a single resource allocation type for sPDSCH is RRC configured, RA header field (RA type 0/type2) is not supported in DL sDCI format. Otherwise, 1-bit RA header field (RA type 0/type2) is inserted into the baseline fields of DL sDCI format

	The bit size of following sDCI field is changed from the baseline fields of DL sDCI format.
- RB assignment
- FFS on DAI, MIMO-related (TPMI), HARQ process ID (at least for subslot and for TDD)

	For UL TM1, a single sDCI format is defined. The bit fields of the legacy DCI format 0 are used as baseline
- FFS which bit fields are removed, and which bit fields that need to be added

	UL TM-dependent sDCI format is defined in TM2. The bit fields of the legacy DCI format 4 are used as baseline
- FFS which bit fields are removed, and which bit fields that need to be added

	Following fields are removed from the baseline fields of UL sDCI format.
- Carrier indicator, Frequency hopping flag
- Second TB-related if only single codeword is agreed to be supported for sPUSCH.
- FFS: A-CSI request, Resource allocation type, multi-cluster flag, DAI, SRS request

	At least the following fields are inserted into the baseline fields of UL sDCI format.
- HARQ process ID, RV

	At least for one codeword and single sTTI scheduling, the bit size of RV field of UL sDCI format is 2 bits.

	Following fields are inserted into the baseline fields of UL sDCI format.
- DMRS position (2/3os)
- FFS: UL/DL differentiation flag, Transmission scheme flag, Fields related to IFDMA-based DMRS, Number of schduled sTTIs for multi-sTTI scheduling

	The bit size of DMRS position field of UL sDCI format for 2/3-OS sTTI  is 2 bits.

	


4.4.2	sPDCCH design
	· A sPDCCH RB set can be configured with at least the following information:
· A set of RBs 
· EPDCCH PRB allocation is reused
· No maximum size needs to be specified for an sPDCCH RB set.
· The frequency resources of a configured RB set are identical across all sTTIs
· Transmission scheme (e.g., CRS-based or DMRS-based)
· A DMRS-based RB set can be configured to apply to MBSFN, non-MBSFN subframes, or all subframes (CRS-based RB set only applies to non-MBSFN subframes)
· Localized or distributed sCCE to sREG mapping 
· Number of sPDCCH candidates/aggregation levels of the RB set
· For a given RB set, and a given sTTI index in the subframe, the configured number of sPDCCH candidates per aggregation level is associated with one of up to two sets. The sTTIs where the first set is applied are indicated by a bitmap (i.e. 5 bits corresponding to sTTI 1 to sTTI 5 respectively for each value). The sTTIs where the second set is applied are deduced from the complement. For example, if bitmap ‘11001’ is signaled, set 1 applies to sTTI index 1,2,5 and set 2 to sTTI index 3,4.
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space
· The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space
· The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling.
· FFS if the actual starting index is signalled, or if a parameter impacting the starting index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· The number of OFDM symbols per RB set for CRS based sPDCCH is 1 or 2 configured by higher-layer signaling.
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
FFS: other information (if needed)

	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

	In sTTI operation, there is no restriction for RB sets to be fully non-overlapping by specification

	2-port DMRS-based sPDCCH is not supported in this WI

	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 (configured by higher layer)
· DMRS based sPDCCH
· for 2/3-symbol sTTI: 
· 2 for 2-symbol sTTI#1,2,3,4
· 3 for 3-symbol sTTI#1 and #5
· for 1-slot sTTI: 2

	An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS. The same definition applies to to both DMRS and CRS based sPDCCH

	#sREGs per sCCE is:
- 4 for CRS based sPDCCH
- 4 in a 2-sybmol sPDCCH and is 6 in a 3-symbol sPDCCH for DMRS based sPDCCH

	DMRS bundling in frequency domain is mandatory for DMRS-based sPDCCH using a sPRG size of 2

	The DL DMRS pattern for sPDCCH associated with 2/3os and 7os sTTI, is reused from 2/3os sPDSCH.

	



[bookmark: _Hlk495328467]For a CRS-based sPDCCH, sREGs within an sPDCCH set  are numbered in a frequency-first time-second manner from 0 to, where is the number of configured symbols, and  is the number of RBs for the CRS-based sPDCCH RB set.

The mapping is performed from lower RB to higher RB for the first symbol, and from higher RB to lower RB for the second symbol.
NOTE: After deciding all resource elements for a candidate, details mapping FFS.


	



For a DMRS-based sPDCCH, sREGs within an sPDCCH set are numbered in a time-first frequency-second manner from 0 to , where is the number of symbols, and  is the number of RBs for the DMRS-based sPDCCH RB set.

	For localized CRS-based sPDCCH, the sREG corresponding to an sCCE index n are given by




Where n=0,…,N_(sCCE,p)-1. N_(sCCE,p) is the number of sCCE in sPDCCH RB set p, and j=0,…, -1.  is the number of sREG per sCCE

	For localized DMRS-based sPDCCH, the sREG corresponding to an sCCE index n are given by




Where n=0,…,N_(sCCE,p)-1. N_(sCCE,p) is the number of sCCE in sPDCCH RB set p, and j=0,…, -1. is the number of sREG per sCCE

	For an RB set with CRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sREG level

	For an RB set with DMRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sCCE level.

	For CRS-based sPDCCH and distributed configuration, the sREG corresponding to an sCCE index n are given by

 
Where ,  represents the number of SREGs per each configured OFDM symbol in the SPDCCH resource set  .
For CRS-based sPDCCH and distributed configuration, the sREG corresponding to an sCCE index n are given by
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Where n=0,…,N_(sCCE,p)-1 and N_(sCCE,p) is the number of sCCE in sPDCCH RB set p. i=0,…, N_sREG^sCCE-1, where N_sREG^sCCE is the number of sREG per sCCE. N_sREG ^symb is the number of sREGs per each configured OFDM symbol in the sPDCCH RB set.

	For distributed DMRS-based sPDCCH, the sREG corresponding to an sCCE index n are given by


For DMRS-based sPDCCH, the logical sCCEs corresponding to a distributed sPDCCH candidate m of the sPDCCH search space at aggregation level L are given by:



	For DMRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna port, shall be in increasing order of first the index  and then the index 

	For distributed CRS-based sPDCCH, the mapping of the modulated symbols to resource elements  on antenna port, shall be in increasing order of first the index  and then the index.

	A predefined DMRS antenna port is used for single port DMRS-based sPDCCH transmission. 
· - The DMRS pattern for the predefined DMRS antenna port is the same as that for the first DMRS antenna port for 2/3-symbol sPDSCH

	· The sDCI for sTTI#0 is accommodated in the legacy PDCCH region for both 2/3os and slot operation
· 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.

	· SFBC is supported for CRS-based sPDCCH
· The maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH. Handling of orphan RE is FFS.
· Single port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· FFS if two port DMRS-based sPDCCH demodulation is supported
· FFS bundling size

	Working assumption:
· Support two port DM-RS based demodulation
· The single port or dual port based demodulation is configured for each DM-RS based sPDCCH RB-set
· Decide between:
· Alt. 1: SFBC using {107,108}: Same handling of orphan REs than for CRS-based sPDCCH (which is still FFS)
· Alt. 2: Antenna hopping/port mapping using ports {107,108} is used within a sREG. 
· The DM-RS bundling is independent on the configured number of antenna ports for DM-RS based demodulation


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

	Support aggregation level L∈{1,2,4,8} for sPDCCH search space

	The overall search space (over all ALs and RB sets) configured to a UE is limited up to 16 sCCEs for 2/3os.
- FFS for 7os

	A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 
- FFS: The total number of RB sets configurable to a UE

	The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space

	The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for:
- 2/3os sTTI is 6
- 1-slot is 12

	Whether the UE-specific search spaces for different UEs overlap is up to configuration

	For sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. Value of M_sDCI^(L) is FFS.

	The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI

	An sPDCCH candidate for CRS based sPDCCH is built up of consecutive logical sCCE(s).


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

	· For 1-slot sTTI containing sPDCCH, the following scheduling cases are supported
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

	· For 1-slot sTTI containing sPDCCH, both TDM (if supported) and FDM of sPDCCH and sPDSCH are supported.

	· For 1-slot sTTI, separate DMRS resource is used for sPDCCH and sPDSCH in slot 1

	· In the 1-slot sTTI#1 of a DL subframe, the sPDCCH DMRS are placed in symbols #7,8

	In the 1-slot for normal subframes and sTTI#0, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:
· Op 1: 3-4 
· Op 2: 5-6 (legacy DMRS position) 
· Op 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1)

	In the 1-slot for normal subframes and sTTI#1, at least one pair of sPDSCH DMRS is supported and can be placed in symbols
· Op 1: 10-11
· Op 2: 12-13 (legacy DMRS position)
· Op 3: 9-10 (2OS-sTTI#4) 

	· For 2/3-OS sTTI containing sPDCCH, the following scheduling cases are supported:
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

	· For 2/3-OS sTTI containing sPDCCH, TDM (if supported) and FDM of CRS-based sPDCCH and CRS-based sPDSCH is supported

	For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.
· FFS: TDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported

	Prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI
· The sPDCCH reuse indication is based on RB set, sREG, sCCE, or sPDCCH candidate granularity. Details are FFS.
· Adopt the same mechanism for 1-slot sTTI, if applicable


4.5	UL control channel design
4.5.1	sPUCCH format design
4.5.1.1	General
	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.

	The channel coding scheme for sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any) is defined as:
- Up to 11 bits: Single RM coding
- 12-22: Dual RM
- More than 22 bits: TBCC+8bit-CRC


4.5.1.2	2/3os
	When a UE is to transmit UCI in a 2/3-symbol sPUCCH, sPUCCH format selection between sequence-based sPUCCH and PF4-based sPUCCH is based on the following rules.
- For SR (if any) and up to 2 bits HARQ-ACK, the UE shall use sequence-based sPUCCH.
- For SR (if any) and more than 2 bits HARQ-ACK, the UE shall use PF4-based sPUCCH.
- FFS the possible ambiguity of the number of HARQ-ACK and SR bits between eNB and UE

	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 8.
· FFS on whether IFDMA is used
· When more than 2 bits HARQ-ACK are to be transmitted on 2/3-OS sPUCCH and there is a positive/negative SR in the same sTTI
· When there is a positive SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
· When there is negative SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.

	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 sPUCCH resource
· NOTE: sPUCCH resource consist of RB index and cyclic shift
· 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
· Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.
· Two sPUCCH resources are configured for SR and 1-bit HARQ-ACK.
· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, one resource is used for SR+ACK and another is used for SR+NACK
· When 1/2-bit HARQ-ACK is to be transmitted on 2/3-OS sPUCCH and there is a negative SR in the same sTTI, HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK. 
· When only positive SR is to be transmitted on 2/3-symbol sequence based 1-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+NACK

	The periodicity of sSR sent on 2/3-OS sPUCCH is set as one of from {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}


4.5.1.3	7os
	7-OS sPUCCH format selection:
If sPF3 and sPF4 are configured: 
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3-11 bits HARQ, sPUCCH format 3
· 12 bits HARQ or more, sPUCCH format 4
If only sPF4 is configured:
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3 bits HARQ or more, sPUCCH format 4
If only sPF3 is configured
· 1-2 bits HARQ, sPUCCH format 1a/1b;
· 3-11 bits HARQ, sPUCCH format 3

	When positive SR and HARQ-ACK are to be transmitted on 1-slot sPUCCH in the same sTTI,
· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for SR;
· For sPUCCH format carrying more than 2 bits HARQ-ACK, SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
When there is negative SR:
· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK;
· For sPUCCH format carrying more than 2 bits HARQ-ACK, SR and HARQ are transmitted on sPUCCH resource for HARQ-ACK.

	The periodicity of sSR sent on 7OS sPUCCH is set as one of from {0.5ms, 1ms, 2ms, 5ms, 10ms}

	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 PF1-based 7-OS sPUCCH format, the cyclic shifts on different sPUCCH symbols and the OCC in different slots can be different for a given UE. Cyclic shift randomization and OCC variations are re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2.
- Note: the OCC is not applied when frequency hopping is enabled.

	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
	Hopping is used

	DMRS pattern
	Hopping (if supported): 
{D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot
Note that the bar | indicates a hopping boundary and X can be either data or DMRS symbol

	Number of RBs for PUCCH resource
	#RBs is signaled by higher layer signaling and can be configured between 1 to 8.




PF3-based sPUCCH format, is supported

	PF3-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse DMRS sequence for PUCCH format 3

	Intra-sTTI hopping
	Non-hopping

	DMRS pattern and OCC
	Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC

	Number of RBs for PUCCH resource
	1 RB


For PF3-based 7-OS sPUCCH format the cyclic shifts of the DMRS and the OCC used in different slots follow the principle of PUCCH format 3. 
- The maximum payload size is X=11 for PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).


4.5.2	sPUCCH resource management
	· One of four sPUCCH resources configured by higher layer is indicated by a 2-bit field in sDCI1 at least for the following sPUCCH formats, 
· 2/3-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 
· 2/3-OS sPUCCH format carrying up to 2 bits ACK/NACK, one of four sPUCCH resource groups configured by higher layer is indicated by a 2-bit field in sDCI1. Each group contains 2 or 4 sPUCCH resources (depending on the expected number of HARQ-ACK bits) configured by higher layer.
· 7-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 
· 7-OS sPUCCH format carrying up to 2 bits ACK/NACK



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

	For UCI on sPUSCH: 
· The beta offset values for sPUSCH and PUSCH are independently configured.
· The beta offset table for 1 ms operation is re-used
· FFS: If aperiodic CSI on sPUSCH is supported

	Re-use the legacy mapping rule of UCI on 1ms PUSCH for UCI mapping on 1-slot sPUSCH.

	For UCI on sPUSCH: 
· The HARQ-ACK offset values are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.
· If CSI transmission on sPUSCH is supported, the beta offset values for CSI are independently configured for 7-OS sPUSCH and 2/3-OS sPUSCH.


4.5.4	CSI reporting for sTTI
	Only aperiodic CSI reporting is intended to be supported for the sTTI operation in Rel-15 WI with up to 3-bit trigger. 
· FFS: Restrictions

	For A-CSI triggered by sDCI, the reporting timeline is the same as the sPUSCH scheduling timeline

	A zero power/non-zero power CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported/introduced

	For the sTTI based aperiodic CSI reporting, the subband sizes are increased at least for 2/3os sTTI as compared to those of the legacy LTE.
- The subband size is FFS


4.5.5	sPUCCH power control
	For sPUCCH, the power control equation is reused from the PUCCH power control equation for 1ms TTI.  
- FFS on separate handling of 2os or 3os sTTI

	
For sPUCCH, the parameter  for sTTI operation is the same value configured as for 1ms TTI.

	
For sPUCCH, the parameter of   is defined relative to PUCCH format 1a (as in legacy) and separately configured for sTTI operation from 1ms TTI operation. 

	The delta_F values can be configured by higher layer signalling in the range

	sPUCCH format
	Proposed parameter range

	2/3os sPUCCH, format 1a
	5,6,7,8,9,10,11,12

	7os sPUCCH, format 1a
	1,2,3,4,5,6,7,8

	2/3os sPUCCH, format 1b
	6,7,8,9,10,11,12,13

	7os sPUCCH, format 1b
	3,4,5,6,7,8,9,10

	7os sPUCCH, format 3
	4,5,6,7,8,9,10,11

	2/3os sPUCCH, format 4 (RM)
	15,16,17,18,19,20,21,22

	2/3os sPUCCH, format 4 (TBCC)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (RM)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (TBCC)
	10,11,12,13,14,15,16,17


The delta-F for sPUCCH format 1 is supported only for slot-sPUCCH. 
· FFS on candidate values of delta-F for slot-sPUCCH format 1

	


For sPUCCH, in order to derive the existing equation for 1ms TTI is reused with modification of the definition on BPRE as  , where   is the sum of total number of UCI bits including CRC bits on sPUCCH format 4 divided by the number of REs for sPUCCH

	
For sPUCCH, the current  for format 3 definition is reused.

- To derive  , the sum of HARQ-ACK bits for PDSCH as well as those for sPDSCH carried by sPUCCH should be taken into account if PUCCH/PUSCH is collided with sPUCCH within the same subframe on a given carrier

	Tx diversity in sPUCCH format 1/1a/1b/3 is defined as in legacy PUCCH and is a separate UE capability between 1 ms and sTTI.

	
 is separately configured for sTTI operation using the same parameter range as for 1 ms operation.

	[bookmark: _Hlk495400107]For sPUCCH, only the TPC from sDCI is considered.

	For PUCCH, only the TPC from DCI is considered.
- NOTE: This is legacy behaviour and has no impact to the specification

	For sPUCCH power control, and for FDD, M=1. k_m = 4 when the DL sTTI length is slot, and k_m = X_P when the DL sTTI length is subslot, where X_P is the processing time configured by higher-layer signaling.

	For sPUCCH power control, and for TDD, M and k_m are given according to the timing between sPDSCH and the corresponding HARQ-ACK (depending on TDD UL/DL configuration and special subframe configuration).

	If a UE is (re)configured with sTTI operation for the primary cell, the initial value of g(*) for the primary cell is determined as zero, and the UE shall reset accumulation, regardless of whether P_0_UE_PUCCH is changed or not.



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 up to 4
· 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

	The subframe type (MBSFN and non-MBSFN) dependent TM configuration supported. 
FFS on CSI reporting on the configured TM.
Note: The configured processing timeline and the maximum TA are applicable to both TMs configured for MBSFN and non-MBSFN subframes.

	· Resource allocation type 1 for sPDSCH is not supported

	For sPUSCH and sPDSCH, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS.
- NOTE: The α value can be the same or different for different sTTI lengths and for sPUSCH and sPDSCH
- The TBS scaling is performed assuming the same number of layers within a codeword for PDSCH and sPDSCH.

	The DL TBS scaling factor is:
· 7os: 0.5.
· 2/3os: 1/6

	[bookmark: _Hlk491429249]A single codeword is used for sPDSCH independent on the number of layers

	Resource allocation type 0 indicating non-contiguous sRBGs using a bitmap is supported for sPDSCH scheduling.

	For sPDSCH scheduling:
· The resource allocation signalling for sPDSCH is system bandwidth dependent.
· Every RB in the system bandwidth can be scheduled in DL assignment of sPDSCH.

	The sRBG size for resource allocation type 0 is defined as per below table for both 2/3os and 7os sTTI using an sPRG size of 2:
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	6
	6
	12
	12




	In case of 1.4 MHz or 3 MHz system bandwidth, the RBG size is re-used from legacy and the PRG size is 2 for sTTI operation.

	Resource allocation type 2 indicating contiguous resource units is supported for sPDSCH scheduling for 5 MHz, 10 MHz, 15 MHz and 20 MHz is supported with the sRBG size and starting position according to the table below.
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 sRBG size 
	4
	6
	4
	4

	Starting point granularity
	2
	6
	4
	4




	The used resource allocation type is not dependent on transmission mode

	DL transmission modes for sTTI and 1ms TTI are configured independently.
- NOTE: This does not require sTTI specific CSI reporting

	For resource allocation in DL, the last sRBG is increased to cover the system bandwidth. 

	In case there is one RB remaining for 2/3os or 1-slot sPDSCH within an sPRG, the DMRS-based sPDSCH is not mapped to that single RB.


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.

	Up to 4-layers is supported for 2/3os sPDSCH. The DMRS pattern is defined over two RB, mapped over 4 sub-carriers (see figure below for up to 2-layers). In case of 3 or 4-layer transmission, the UE is not expected to receive DMRS more than once over two consecutive 2/3os sTTIs
[image: ]

	The time-domain position for DL DMRS of 3-symbol sPDSCH is placed in the first two symbols

	For 4 layers transmission of 2/3os and 1-slot DMRS-based sPDSCH, the pairs for 2 layers are repeated in frequency

	For 1-slot DMRS based sPDSCH, up to 4 layers transmission is supported for TM 9/10 and up to 2 layers transmission is supported for TM 8.

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

	For 4-layer 2/3OS sPDSCH, the baseline DMRS pattern is as the figure below. 
FFS the collision with CRS and CSI-RS.
[image: cid:image001.png@01D35953.D0D73A00]
For 4-layer 1-slot sPDSCH, the baseline DMRS pattern is as the figure below. 
FFS the collision with CRS and CSI-RS.
[image: cid:image002.png@01D35953.D0D73A00]

	For 2/3-symbol and 7-symbol sPDSCH, avoiding collision between DMRS and CSI-RS can be handled by eNB configuration without spec impacts.

	For up to 2 layers transmission of 1-slot sPDSCH, the DMRS is placed on 3 subcarriers spaced by 4 subcarriers within an RB

	For 1-slot sPDSCH, only a single pair of DMRS in time is supported

	For the first 1-slot sPDSCH in a subframe, one pair of DMRS are placed in OFDM symbol index #3 and #4, of slot 0.

	For the second 1-slot sPDSCH in a subframe, one pair of DMRS are placed in OFDM symbols index #2 and #3, of slot 1.


4.7	UL data channel design
4.7.1	sPUSCH design
	An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH

	For 2/3os and 1-slot sPUSCH, single codeword sPUSCH transmission for up to 4 layers is supported. The UE will indicate the number of supported layers for sPUSCH as UE capability, independent of UL sTTI length. No new precoder in the UL is defined

	For sPUSCH and sPDSCH, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS.
- NOTE: The α value can be the same or different for different sTTI lengths and for sPUSCH and sPDSCH
- The TBS scaling is performed assuming the same number of layers within a codeword for PDSCH and sPDSCH.

	The resource allocation type 1 is not supported for scheduling of sPUSCH.

	For sPUSCH scheduling:
· The resource allocation signalling for sPUSCH is system bandwidth dependent.

	The sRBG size and starting point granularity for 2/3os and 7os sPUSCH is as per table below.
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 sRBG size 
	4
	4
	4
	4

	Starting point granularity
	4
	4
	4
	4




	For resource allocation in UL, only multiples of the sRBGs size can be allocated to sPUSCH

	UL transmission modes for sTTI and 1ms TTI are configured independently.

	For 1-slot sPUSCH, the TBS scaling factor is 0.5.

	The TBS scaling factor for 2/3-symbol sPUSCH is 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively

	For 1-slot sPUSCH, IFDMA with RPF=1 and 2 is supported. FFS configuration.

	[bookmark: _Hlk495688934]For 1-slot sPUSCH with 4 layers, DMRS port multiplexing is supported by different cyclic shifts for RPF=1, and by combination of combs and cyclic shifts for RPF=2.


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 in sDCI
· 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
	· [bookmark: _Hlk491429258]When multiple sPUSCH scheduled to the same UE share a DMRS symbol, the eNB has to guarantee the same output power and resource assignment for those sTTI.

	For sPUSCH, the power control equation is reused from the PUSCH power control equation for 1ms TTI.

	
For sPUSCH, the scaling parameter for path-loss estimate   for sTTI operation is reused from the parameter for 1ms TTI

	For sPUSCH, the configured P_0 (for 1 ms operation) is reused for sTTI operation.

	
For sPUSCH, the power offset value depending on MCS  for sTTI operation is derived by reusing the existing parameter for 1ms TTI

	For sPUSCH, only the TPC from sDCI is considered

	For PUSCH, only the TPC from DCI is considered.
- NOTE: This is legacy behaviour and has no impact to the specification

	PHR can be transmitted via either sPUSCH or PUSCH on a serving cell configured with sTTI operation.

	If transmitting PHR on sPUSCH is supported, both type 1 and type 2 PHR are supported.

	The calculation of PHR for sTTI follows the same principle as the PHR equation for 1ms TTI 
· PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH} for type 1 PHR
· PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH and sPUCCH} for type 2 PHR

	Regarding UE behaviour in case simultaneous transmission of the same TTI lengths across different carriers and the UE is power-limited, reuse the legacy power allocation principles captured in 3GPP TS 36.213, subclause 5.1

	For sPUSCH power control, and for FDD, K_PUSCH = 4 when the UL sTTI length is slot, and K_PUSCH = X_P when the UL sTTI length is subslot, where X_P is the processing time configured by higher-layer signaling.

	For sPUSCH power control, and for TDD, K_PUSCH is given according to the timing between UL grant and sPUSCH (depending on TDD UL/DL configuration and special subframe configuration)

	For sPUSCH power control, both TPC accumulation and TPC non-accumulation modes for closed-loop power adjustment are supported. 
· FFS on whether to reuse the parameter “Accumulation-enabled” for 1ms TTI operation in order to indicate the mode for closed-loop power adjustment of sPUSCH.

	If a UE is (re)configured with sTTI operation for a serving cell, the initial value of fc(*) for a serving cell c is determined as zero, and the UE shall reset accumulation, regardless of whether P_0_UE_PUSCH,c is changed or not.



4.8	FS2 aspects
	For special subframe configurations 1, 2, 3, 4, 6, 7 and 8, DwPTS is split into a 1-slot sTTI and an X-symbol sTTI, where X is the number of symbols of DwPTS in the second slot. The minimum processing time for X-symbol sTTI is the same as 1-slot sTTI

	The X-symbol sTTI is scheduled independently.

	DMRS-based and CRS-based sPDSCH are supported in the first slot of the DwPTS, except for SSC 0 and 5.

	DMRS-based and CRS-based sPDSCH are supported in the second slot of the DwPTS for SSC 3,4,8.
FFS on configuration 1,2,6,7

	For special subframe configurations 0~9, the sPUSCH/sPUCCH transmission is not supported in UpPTS.

	For special subframe configurations 10, both sPUSCH and sPUCCH transmission is supported in UpPTS

	Support HARQ-ACK on sPUSCH in UpPTS for SSC 10

	Transmission of sDCI to schedule sPUSCH is supported in X-symbol sTTI, where the X-symbol sTTI denotes the part of DwPTS in the second slot of a special subframe and X is the number of symbols of DwPTS in the second slot

	For 1-slot sTTI operation, a single minimum processing time is supported.

	The timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table.

	For SSC 1,2,3,4,6,7,8, the following pre-defined table is used for the timing between UL grant and sPUSCH for TDD UL/DL configuration 1-5. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n.
	TDD UL/DL
	slot number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	1
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	
	4
	4
	4
	4　
	　
	　
	　
	　
	
	

	2
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　

	3
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	
	6
	6

	4
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	5
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　




	For slot sTTI in FS2 and for SSC 1,2,3,4,6,7,8, the following pre-defined table is used for the timing between UL grant and sPUSCH. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n.
	TDD UL/DL
	slot number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	1
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	
	4
	4
	4
	4　
	　
	　
	　
	　
	
	

	2
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　

	3
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	
	6
	6

	4
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	5
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	6
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	4
	4
	4
	4　
	　
	　
	　
	　
	6　
	6　


·          Note: The values for TDD UL/DL configuration 1-5 were agreed in RAN1#90bis.
·          FFS on TDD UL/DL configuration 0

For slot sTTI in FS2 and SSC 0,5,9,10, the following pre-defined table is used for the timing between UL grant and sPUSCH. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n.The red-colored font is for SSC 10.
	TDD UL/DL
	slot number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	

	1
	5
	5　
	　5
	　
	　
	　
	　
	　
	5　
	5
	5
	5　
	5　
	　
	　
	　
	　
	　
	5　
	5　

	2
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	4　
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	4　

	3
	7　
	7　
	7　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	7　
	7　
	7　
	7　

	4
	5　
	5　
	5　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	5　
	5　

	5
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	4　


·          FFS on TDD UL/DL configuration 6


4.9 	Semi-Persistent Scheduling (SPS)
	· SPS validation of activation/release of assignment for sPDSCH/sPUSCH is supported.
· UE shall monitor at least sPDCCH of sTTI#1 to #5 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH. 
· FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
· A UE shall validate a SPS assignment control channel for sPDSCH/sPUSCH if at least all the following conditions are met: 
· the CRC parity bits obtained for the control channel payload are scrambled with the Semi-Persistent Scheduling C-RNTI,
· the new data indicator field is set to '0'.
· FFS other conditions
· The 2-bit SPUCCH resource indication field is used to indicate one of the four resources/resource groups configured by higher layer as the sPUCCH resource for HARQ-ACK feedback to SPS sPDSCH.
· In case of collision between SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, The UE shall transmit SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmited via SPS sPUSCH. 
· CSI of SPS PUSCHis dropped.
· The SPS intervals for sPDSCH/sPUSCH can be 1 sTTI minimally and 40ms maximally 
· FFS on exact list of SPS intervals
· Send RAN2 LS to indicate the agreements of support on SPS validation for sTTI traffic and SPS intervals.
· In case of collision between SPS PUSCH and non-SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit non-SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via non-SPS sPUSCH. 
· CSI of SPS PUSCH is dropped
· FFS on collision handling between SPS PUSCH and non-SPS sPUCCH in the same subframe on a given carrier
· In case of collision between non-SPS PUCCH and SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS PUCCH transmission
· HARQ-ACK of non-SPS PUCCH is transmitted via SPS sPUSCH. 
· CSI of non-SPS PUCCH is dropped.


4.10	Maximum TA and processing time
	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

	The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k.
· for DL 1-slot sTTI length or UL 1-slot sTTI length, k=4 slot sTTI
· for 2/3os sTTI two sets of two processing timing assumptions are defined for different maximum TA support. 
· Set 1 is defined with minimum timing n+4 with TA1/n+6 with TA1+4os
· Set 2 is defined with minimum timing n+6 with TA2/n+8 with TA2+4os

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

NOTE: In case of {2,7} combination the minimum of the supported maximum TA values for 2/3-os and 1-slot is applied.

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

	The minimum processing time assumption for 2/3os sTTI operation is configured by RRC.

	For {2,7} sTTI operation, the sPDSCH HARQ-Ack of subslot sPDSCH is mapped to the earliest possible slot UL sTTI. The HARQ-Ack of subslot sPDSCH in sTTI#x of SF#N is to be mapped on the 1-slot UL sTTI in slot/sTTI#y of SF#N+n for a minimum processing time assumption of k subslot sTTIs. 
- y=mod{⌈(x+k)/3⌉,2}
- n=⌊⌈(x+k)/3⌉/2⌋

	For {2,7} sTTI operation, the UL grant for 7OS sPUSCH in a certain slot can be sent in either one of three defined subslot DL sTTIs.
- NOTE: The UE is expected to only receive one UL grant from the set of 2/3-symbol sTTIs mapped to a single UL slot sTTI

	· For 2/3os sTTI operation, related to timing advance, the UE signals its capability for 2/3os sTTI between set 1 and set 2 for:
1. 1 os CRS based sPDCCH
2. 2 os CRS based sPDCCH 
3. DMRS based sPDCCH 
FFS: UE capability dependent on RS type for data.
· The maximum timing advance supported is:
· 7os: 310 us
· 2/3os:
· TA1: 67 us
· TA2: 167 us
· In all above TTI length configurations and processing time configurations, the gap between first UL and latest DL carrier is less than TAmax given above (expected impact on 3GPP TS 36.133). Details FFS.


4.11	Other
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