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1	General
1.1	Reference receiver
LMMSE receiver is baseline receiver for UE demodulation and CSI requirements for both subslot-based and slot-based frame structure. Note the simulation assumption does not model the interfering cells.
2	UE demodulation requirements
2.1	Simulation assumption for SPDCCH
2.1.1	Test parameters

	Test number
	Test 1
	Test 2

	Description
	CRS-based, Localized
	DMRS-based, Distributed

	Bandwidth
	10MHz
	10MHz

	[bookmark: _Hlk507680160]Number of PDCCH symbols (CFI)
	2
	2

	Cyclic prefix
	Normal
	Normal

	Subframe configuration
	Non-MBSFN
	Non-MBSFN

	Propagation condition
	Option 1: EVA30
Option 2: EPA5
	EPA5

	Antenna configuration
	4x2 Low
	2x2 Low

	Antenna ports
	0-3
	107

	Precoder update granularity
	N/A
	2 SREGs every 1ms

	Beamforming precoder
	N/A
	Random precoder (TS36.101 B.4.4) (Note 4)

	Short TTI length (Note 1)
	Slot-based / subslot-based
	Slot-based / Subslot-based

	Configured SPDCCH-PRB-sets
	{Set 1}
	{Set 2}

	SPDCCH-PRB-set used for DCI transmission
	Set 1
	Set 2

	Aggregation level
	2 SCCE
	8 SCCE

	DCI format
	7-1C
	7-1F

	Number of bits for DCI (without CRC)
	[32] (FDD)
[34] (TDD)
	[28] (FDD)
[30] (TDD)

	PDSCH TM
	TM4
	TM9

	Duplex modes (Note 2)
	FDD / TDD
	FDD / TDD

	Evaluation criteria (Note 5)
	1% Pm-dsg
	1% Pm-dsg

	Note 1: Applicability is based on the UE capability. 
Note 2: TDD is applicable for slot-based SPDCCH demodulation only.
Note 3: For slot-based transmission, DCI 7-1x is transmitted only on SPDCCH in slot 1. For subslot-based transmission, DCI 7-1x is transmitted on SPDCCH in all the subslots.
Note 4: No CSI feedback is necessary for simulation.
Note 5: Pm-dsg for SPDCCH is calculated acorss all the short TTIs. 



2.1.2	SPDCCH-PRB-set configuration
	
	Set 1
	Set 2

	Reference symbol
	CRS
	DMRS

	Transmission type
	Localized
	Distributed

	Number of OFDM symbols
	1
	2

	Number of PRBs
	16
	16

	Allocated PRBs
	{0, 1, … 15}
	{1, 2, 7, 8, 13, 14, 19, 20, 29, 30, 35, 36, 41, 42, 47, 48}

	Total number of SCCEs
	4 (16 SREGs)
	8 (32 SREGs)



2.2	Simulation assumption for Slot-PDSCH/Subslot-PDSCH
2.2.1	Minimum processing time
· Subslot-based transmission:
· UE can choose set1 with n+4 or set 2 with n+6 according to UE capability.  
· Slot-based transmission:
· Minimum processing time for: n+4
2.3.1	Test parameters

	
	Test 1
	Test 2

	Bandwidth
	10MHz
	10MHz

	Number of PDCCH symbols (CFI)
	2
	2

	Cyclic prefix 
	Normal
	Normal

	Subframe configuration
	Non-MBSFN
	Non-MBSFN

	DMRS sharing (applicable only for subslot TTI)
	N/A
	Enabled (Note 4)

	Propagation channel
	Option 1: EVA30
Option 2: EPA5
	EPA5

	Antenna configuration
	4x2 Low
	2x2 Low

	Transmission modes
	TM3 dual layer
	TM9
Option 1: Single layer
Option 2: dual layer

	Antenna ports
	0-3
	7 for single layer
7 and 8 for dual layer

	Precoder update granularity
	N/A
	1 PRG every 1ms

	Beamforming precoder
	N/A
	Random precoder (TS36.101 B.4.1 for single layer, B.4.2 for dual layer) (Note 5)

	TTI length (Note 1)
	Slot-based / Subslot-based
	Slot-based / Subslot-based

	MCS
	16QAM 1/2
	QPSK 1/3

	Duplex mode (Note 2)
	FDD / TDD
	FDD / TDD

	Evaluation criteria
	70% of Max Tput
	70% of Max Tput

	CSI-RS signals
	N/A
	Antenna ports 15, 16, 17, 18

	CSI-RS periodicity and subframe offset
	N/A
	5/ 2

	CSI-RS configuration
	N/A
	0

	ZP-CSI-RS configuration
	N/A
	Not configured

	v_shift (mod(cell_ID, 6))
	0
	0

	Associated SPDCCH transmission
	CRS-based, Localized
	CRS-based, Localized

	Aggregation level
	[2 SCCE]
	[4 SCCE]

	Used/Unused SPDCCH resource indication (Note 6)
	’10’ 
	’10’

	DCI format 
	7-1B
	7-1F

	Configured SPDCCH-PRB-sets
	{Set 1, Set 2}
	{Set 3, Set 4}

	SPDCCH-PRB-set used for DCI transmission
	Set 1 for slot-based
Set 2 for subslot-based
	Set 3 for slot-based
Set 4 for subslot-based

	Note 1: sTTI PDSCH demodulation requirements should be specified for both slot-based and subslot-based. Applicability is based on the UE capability.
Note 2: TDD is applicable for slot-based PDSCH demodulation only.
Note 3: Void. 
[bookmark: _Hlk507680312]Note 4: DMRS is transmitted in subslot #1, #3, and #5. DMRS sharing is enabled in subslots #2 and #4. 
Note 5: No CSI feedback is necessary for simulation.
Note 6: Set when SPDCCH L1 Reuse Indication is configured. Otherwise it is not signaled.  


[bookmark: _Hlk507680464]2.3.2	SPDCCH-PRB-set configuration
	
	Set 1
	Set 2
	Set 3
	Set 4

	Reference symbol
	CRS
	CRS
	CRS
	CRS

	Transmission type
	Localized
	Localized
	Localized
	Localized

	Number of OFDM symbols
	1
	1
	2
	2

	Number of PRBs
	16
	16
	8
	8

	Allocated PRBs
	{0, 1, …, 15}
	{34, 35, …, 49}
	{0, 1, …, 7}
	{8, 9, …, 15}

	Rate matching mode
	Mode 1
	Not configured
	Not configured
	Mode 1

	SPDCCH L1 Reuse Indication
	Not configured
	{2, 0}
	{1, 1}
	Not configured

	Total number of SCCEs
	4
(16 SREGs)
	4
(16 SREGs)
	4
(16 SREGs)
	4
(16 SREGs)



2.4.3	FRC tables (For information)
2.4.3.1	CRS-based PDSCH
2.4.3.1.1	Slot-based transmission
	
	Unit
	Test 1-2 (Ref. R.11)

	Description
	
	4 CRS ports

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	16QAM

	Target coding rate
	
	½

	Number of HARQ processes
	
	TBD

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per slot
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	Bits
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	Binary channel bits per slot
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	Bits
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	Note: Given per component carrier per codeword. 



2.4.3.1.2	Subslot-based transmission
	
	Unit
	Test 1-2 (Ref. R.11)

	Description
	
	4 CRS ports

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	16QAM

	Target coding rate
	
	1/2

	Number of HARQ processes
	
	8

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per subslot
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	Bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	[bookmark: _GoBack]    Subslot index 5
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	Bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	Binary channel bits per subslot
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	Bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	Bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	Note: Given per component carrier per codeword.



2.4.3.2	DMRS-based PDSCH
2.4.3.2.1	Slot-based transmission
	
	Unit
	Test 2 (Ref. R.66)

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	QPSK

	Target coding rate
	
	1/3

	Number of HARQ processes
	
	[8]

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per slot
	
	

	  For Sub-Frames 1,3,4,6,8,9
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	For Sub-Frames 2,7 (2 NZP-CSI-RS ports)
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frames 0 (RB0–RB20 and RB30–RB49 => 41RBs)
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	Binary channel bits per slot
	
	

	  For Sub-Frames 1,3,4,6,8,9
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	For Sub-Frames 2,7 (2 NZP-CSI-RS ports)
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frames 0 (RB0–RB20 and RB30–RB49 => 41RBs)
	
	

	    Slot index 0
	Bits
	TBD

	    Slot index 1
	Bits
	TBD

	Note: CSI-RS configuration = 0 for NZP-CSI-RS
Note: Given per component carrier per codeword. 


Number of bits changes whether CSI-RS is transmitted within the same slot.
2.4.3.2.2	Subslot-based transmission
	
	Unit
	Test 2 (Ref. R.44)

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	16QAM

	Target coding rate
	
	1/2

	Number of HARQ processes
	
	FFS

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per subslots
	
	

	  For Sub-Frames 1,3,4,6,8,9
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	For Sub-Frames 2,7 (2 NZP-CSI-RS ports)
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	  For Sub-Frame 5
	
	

	  For Sub-Frames 0 (41PRB)
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	Binary channel bits per subslots
	
	

	  For Sub-Frames 1,3,4,6,8,9
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	For Sub-Frames 2,7 (2 NZP-CSI-RS ports)
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	  For Sub-FFrame 5
	
	N/A

	  For Sub-Frames 0 (41PRB)
	
	

	    Subslot index 1
	Bits
	TBD

	    Subslot index 2
	bits
	TBD

	    Subslot index 3
	Bits
	TBD

	    Subslot index 4
	Bits
	TBD

	    Subslot index 5
	Bits
	TBD

	Note: CSI-RS configuration = 0 for NZP-CSI-RS
Note: Given per component carrier per codeword. 




3	CSI reporting test
3.1	Minimum processing time
· Subslot-based transmission:
· UE can choose set1 with n+4 or set 2 with n+6 according to UE capability.  
· Slot-based transmission:
· Minimum processing time for: n+4

3.2	CQI reporting under fading conditions with PUSCH
3.2.1	Aperiodic reporting mode with cell-specific reference signals
Option 1: test with subband PDSCH scheduling
a)	a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b)	the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;
c)	when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to [0.02].

	
	Test 1

	Bandwidth
	10MHz

	TTI length
	Slot-based / Subslot-based

	Number of PDCCH symbols
	2

	Cyclic prefix 
	Normal

	Subframe configuration
	Non-MBSFN

	Propagation channel (Note 1)
	
TS36.101 Clause B.2.4 with τd=0.45s, a = 1, Hz

	Antenna configuration
	2x2

	Transmission modes
	TM4

	CodeBookSubsetRestrction bitmap
	000001

	Reporting interval
	5ms

	CQI delay
	n+4 slots for slot-based
n+4 or n+6 subslots for subslot-based 

	Reporting mode
	PUSCH 3-1

	Sub-band size
	12 RB

	Number of HARQ transmissions
	1

	Duplex mode
	FDD / TDD

	Note 1: Companies check the value τd if this shows the low throughput gain. 



Option 2: test with wideband PDSCH scheduling
a)	a CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least  % of the time;
b)	the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;
c)	when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to [0.02]

	
	Test 1

	Bandwidth
	10MHz

	TTI length
	Slot-based / Subslot-based

	Number of PDCCH symbols
	2

	Cyclic prefix 
	Normal

	Subframe configuration
	Non-MBSFN

	Propagation channel
	EPA5

	Antenna configuration
	High (2x2)

	Transmission modes
	TM4

	CodeBookSubsetRestrction bitmap
	000001

	Reporting interval
	5ms

	CQI delay
	n+4 slots for slot-based
n+4 or n+6 subslots for subslot-based 

	Reporting mode
	PUSCH 1-1

	PDSCH transmission bandwidth
	50 RB

	Number of HARQ transmissions
	1

	Duplex mode
	FDD / TDD




3.2.2	Aperiodic reporting mode with CSI reference signals
Option 1: test with subband PDSCH scheduling
a)	a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b)	the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;
c)	when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to [0.02].

	
	Test 1

	Bandwidth
	10MHz

	TTI length
	Slot-based / Subslot-based

	Number of PDCCH symbols
	2

	Cyclic prefix 
	Normal

	Subframe configuration
	Non-MBSFN

	Propagation channel
	
TS36.101 Clause B.2.4 with τd=0.45s, a = 1, Hz

	Antenna configuration
	2x2 Low

	Transmission modes
	TM9

	Beamforming model
	TS 36.101 B.4.3

	CRS reference signals
	Antenna port 0

	CSI reference signals
	Antenna ports 15 and 16

	CSI-RS periodicity and subframe offset
	5ms / 1

	CSI-RS reference signal configuration
	[4]

	CodeBookSubsetRestrction bitmap
	000001

	Reporting interval
	5ms

	CQI delay
	n+4 slots for slot-based
n+4 or n+6 subslots for subslot-based 

	Reporting mode
	PUSCH 3-1

	Sub-band size
	12 RB

	Number of HARQ transmissions
	1

	Duplex mode
	FDD / TDD

	Note 1: Companies check the value τd if this shows the low throughput gain.



Option 2: test with wideband PDSCH scheduling
a)	a CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least  % of the time;
b)	the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;
c)	when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to [0.02]

	
	Test 1

	Bandwidth
	10MHz

	TTI length
	Slot-based / Subslot-based

	Number of PDCCH symbols
	2

	Cyclic prefix 
	Normal

	Subframe configuration
	Non-MBSFN

	Propagation channel
	EPA5

	Antenna configuration
	High (2 x 2)

	Transmission modes
	TM9

	Beamforming model
	TS 36.101 B.4.3

	CRS reference signals
	Antenna port 0

	CSI reference signals
	Antenna ports 15 and 16

	CSI-RS periodicity and subframe offset
	5ms / 1

	CSI-RS reference signal configuration
	[4]

	CodeBookSubsetRestrction bitmap
	000001

	Reporting interval
	5ms

	CQI delay
	n+4 slots for slot-based
n+4 or n+6 subslots for subslot-based

	Reporting mode
	PUSCH 1-1

	PDSCH transmission bandwidth
	50 RB

	Number of HARQ transmissions
	1

	Duplex mode 
	FDD / TDD
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Information
sTTI slot-index and subslot-index
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[bookmark: _Ref505352122]Figure 1 Slot index for slot-based PDSCH and Subslot index for the subslot-based OFDM symbols. 

DCI Payload size (without CRC)
	Parameter
	Format 7-1C
	Format 7-1F
	Notes

	UL/DL differentiation flag
	1
	1
	

	Resource block assignment
	8
	8
	PDSCH allocation type 0 with 10MHz (RBG=6)

	Modulation and coding scheme
	5
	5
	

	HARQ process number
	4
	4
	

	New data indicator
	1
	1
	

	Redundancy version
	2
	2
	

	TPC command for PUCCH
	2
	2
	

	DMRS position indicator
	0
	0
	DMRS sharing

	Downlink assignment index
	0 (FDD)
2 (TDD)
	0 (FDD)
2 (TDD)
	

	SRS request
	0
	0
	SRS triggering not configured

	Used/Unused SPDCCH resource indication
	0
	0
	L1-based reuse indication not configured

	SPUCCH resource indication
	2
	2
	

	Precoding information
	4 (2 CRS ports)
7 (4 CRS ports)
	N/A
	

	Antenna port(s), scrambling identity and number of layers
	N/A
	3
	

	Total (bits)
	29 (FDD, 2 ports)
32 (FDD, 4 ports)
31 (TDD, 2 ports)
34 (TDD, 4 ports)
	28 (FDD)
30 (TDD)
	



RRC-based rate-matching mode
[image: ]
[bookmark: _Ref505677859]Figure 2	RRC-based SPDCCH rate matching mode. 
L1-based rate-matching mode

[image: ]
[bookmark: _Ref505772197]Figure 3	L1-based SPDCCH rate matching mode.
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