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1	Introduction
RAN4#86bis agreed with the simulation assumption for PDSCH demodulation for sTTI [1]. In this contribution we provide the ideal simulation results for alignment. 
2	FRC used for slot/subslot-PDSCH demodulation
This section discusses the FRC used for slot/subslot-PDSCH demodulation. We first discuss the channel bits and then TBS to satisfy the target coding rate.
2.1	CRS-based transmission 
2.1.1	Channel bits
Figure 1 illustrates the resource allocation for slot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). Figure 2 illustrates the resource allocation for subslot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). 
Table 1 and Table 2 give the calculation of the number of OFDM symbol per 12 subcarriers for slot-PDSCH and subslot-PDSCH, respectively. Table 3 and Table 4 give the calculation of the total number of OFDM symbols allocated for PDSCH. Note 6PRB is used by PSS/SSS/PBCH transmission in SF#0. 
[image: ]
[bookmark: _Ref513032310]Figure 1	Resource allocation for CRS-based slot-PDSCH with/without SPDCCH (4 CRS ports, 1 OFDM symbol for SPDCCH).
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[bookmark: _Ref513032997]Figure 2	Resource allocation for CRS-based subslot-PDSCH with/without SPDCCH (4 CRS ports, 1 OFDM symbol for SPDCCH).
[bookmark: _Ref513033061]Table 1 Number of OFDM symbols per 12 subcarriers for slot-PDSCH (4 CRS ports, 1 OFDM symbol for SPDCCH).
	
	Without SPDCCH
	With SPDCCH
	12 subcarriers with PSS/SSS/PBCH

	Slot 0
	12*5-4 = 56
	56
	12*5-4-24 = 32

	Slot 1
	12*7-12 = 72
	12*7-12-8 = 64
	12*3-4 = 32



[bookmark: _Ref513033063]Table 2 Number of OFDM symbols per 12 subcarriers for subslot-PDSCH (4 CRS ports, 1 OFDM symbol for SPDCCH).
	
	Without SPDCCH
	With SPDCCH
	12 subcarriers with PSS/SSS/PBCH

	Subslot 1
	12*3-4 = 32
	12*3-12-4 = 20
	32

	Subslot 2
	12*2 = 24
	12*2-12 = 12
	0

	Subslot 3
	12*2-8 = 16
	12*2-12-4 = 8
	0

	Subslot 4
	12*2 = 24
	12*2-12 = 12
	0

	Subslot 5
	12*3-4 = 32
	12*3-12 = 24
	32



[bookmark: _Ref513036033]Table 3 Number of OFDM symbols with 50PRB for slot-PDSCH (8PRB for SPDCCH).
	
	SF#0 (SS/PBCH occupies 6PRBs)
	SF#1,2,3,4,6,7,8,9

	Slot 0
	56*(50-8-6) + 56*8 + 32*6 = 2656  
	56*(50-8) + 56*8 = 2800

	Slot 1
	72*(50-8-6) + 64*8 + 32*6 = 3296
	72*(50-8) + 64*8 = 3536



[bookmark: _Ref513036035]Table 4 Number of OFDM symbols with 50PRB for subslot-PDSCH (8PRB for SPDCCH).
	
	SF#0 (SS/PBCH occupies 6PRBs)
	SF#1,2,3,4,6,7,8,9

	Subslot 1
	32*(50-8-6) + 20*8 + 32*6 = 1504
	32*(50-8) + 20*8 = 1504

	Subslot 2
	24*(50-8-6) + 12*8 = 960
	24*(50-8) + 12*8 = 1104

	Subslot 3
	16*(50-8-6) + 8*8 = 640
	16*(50-8) + 8*8 = 736

	Subslot 4
	24*(50-8-6) + 12*8 = 960
	24*(50-8) + 12*8 = 1104

	Subslot 5
	32*(50-8-6) + 24*8 + 32*6 = 1536
	32*(50-8) + 24*8 = 1536



2.2.2	FRC tables
Table 5 and Table 6 show the FRC tables used for slot-PDSCH and subslot-PDSCH, respectively. The TBS for slot/subslot-PDSCH is derived according to [3], and suitable TBS is chosen according to TS36.101 A.3.1. 
In RAN4#86bis, some company concerned the coding rate at retransmission. For slot-PDSCH, the maximum coding rate is achieved when TBS=6968 is re-transmitted in SF#0 slot#0 (channel bits=10264), and coding rate is 0.68. We think it is still acceptable. 
For subslot-PDSCH, on the other hand, the maximum code rate becomes 1.0 when TBS=2536 is re-transmitted in SF#0 subslot#3 (channel bits=2560). According to the RAN1 specification, the code rate should be less than 0.93 and it is not allowed. On simple solution is to set DTX for subslot 3. In this case, the maximum code rate becomes 0.67 when TBS=2536 is re-transmitted in SF#0 Subslot#2/4 (channel bits=3840). 
[bookmark: _Ref513389570]Table 5	FRC table for CRS-based slot-PDSCH (1/2 16QAM)
	
	Unit
	Information bit payload per slot
	Binary channel bits per slot

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

	    Slot index 0
	Bits
	5736
	11200

	    Slot index 1
	Bits
	6968
	14114

	  For Sub-Frame 5
	
	N/A
	

	  For Sub-Frame 0
	
	
	

	    Slot index 0
	Bits
	4968
	10264

	    Slot index 1
	Bits
	6456
	13184



[bookmark: _Ref513389571]Table 6	FRC table for CRS-based subslot-PDSCH (1/2 16QAM).
	
	Unit
	Information bit payload per subslot
	Binary channel bits per subslot

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

	    Subslot index 1
	Bits
	2536
	6016

	    Subslot index 2
	Bits
	2152
	4416

	    Subslot index 3
	Bits
	1480 => DTX
	2944 => DTX

	    Subslot index 4
	Bits
	2152
	4416

	    Subslot index 5
	Bits
	2536
	6144

	  For Sub-Frame 5
	
	N/A
	

	  For Sub-Frame 0
	
	
	

	    Subslot index 1
	Bits
	2536
	6016

	    Subslot index 2
	Bits
	1928
	3840

	    Subslot index 3
	Bits
	1320 => DTX
	2560 => DTX

	    Subslot index 4
	Bits
	1928
	3840

	    Subslot index 5
	Bits
	2536
	6144



2.2	DMRS-based transmission
2.2.1	Channel bits
Figure 3 illustrates the resource allocation for slot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). Figure 4 illustrates the resource allocation for subslot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). According to the simulation assumption [1], we assume DMRS is transmitted in sTTI#1, #3, and #5. DMRS mapping is based on baseline for sTTI#1 but based on v0 for sTTI#3 and sTTI#5 to avoid collision with CRS symbols.  
Table 7 and Table 8 show the calculation of the number of OFDM symbol per 12 subcarriers for slot-PDSCH and subslot-PDSCH, respectively. Table 9 and Table 10 show the calculation of the total number of OFDM symbols allocated for PDSCH. 
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[bookmark: _Ref513388974]Figure 3	Resource allocation for DMRS-based slot-PDSCH with CSI-RS with/without SPDCCH.
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[bookmark: _Ref513388976]Figure 4	Resource allocation for DMRS-based subslot-PDSCH with CSI-RS with/without SPDCCH.

[bookmark: _Ref513389010]Table 7 Number of OFDM symbols per 12 subcarriers for slot-PDSCH (2 CRS ports, 1 or 2 DMRS ports, 4 CRI-RS ports, 2 OFDM symbol for SPDCCH).
	
	Without SPDCCH
Without NZP-CSI-RS
	With SPDCCH
Without NZP-CSI-RS
	Without SPDCCH
With NZP-CSI-RS
	With SPDCCH
With NZP-CSI-RS

	Slot 0
	12*5-4-6 = 50
	50
	12*5-4-6-2 = 48
	48

	Slot 1
	12*7-8-6 = 70
	12*7-24-4-6 = 50
	70
	50



[bookmark: _Ref513389012]Table 8 Number of OFDM symbols per 12 subcarriers for subslot-PDSCH (2 CRS ports, 1 or 2 DMRS ports, 4 CRI-RS ports, 2 OFDM symbol for SPDCCH).
	
	Without SPDCCH
Without NZP-CSI-RS
	With SPDCCH
Without NZP-CSI-RS
	Without SPDCCH
With NZP-CSI-RS
	With SPDCCH
With NZP-CSI-RS

	Subslot 1
	12*3-4-4 = 28
	12*3-24-4 = 8
	28
	8

	Subslot 2
	12*2 = 24
	0
	12*2-2 = 22
	0

	Subslot 3
	12*2-4-4 = 16
	0
	16
	0

	Subslot 4
	12*2 = 24
	0
	24
	0

	Subslot 5
	12*3-4-4 = 28
	12*3-24 = 12
	28
	12




[bookmark: _Ref513389036]Table 9 Number of OFDM symbols with 50PRB for slot-PDSCH (8PRB for SPDCCH).
	
	SF#0 (41PRB)
	SF#1,3,4,6,8,9 (non NZP-CSI-RS)
	SF#2,7 (NZP-CSI-RS)

	Slot 0
	50*(41-8)+50*8 = 2050
	50*(50-8)+50*8 = 2500
	48*(50-8)+48*8 = 2400

	Slot 1
	70*(41-8)+50*8 = 2710
	70*(50-8)+50*8 = 3340
	70*(50-8)+50*8 = 3340



[bookmark: _Ref513389037]Table 10 Number of OFDM symbols with 50PRB for subslot-PDSCH (8PRB for SPDCCH).
	
	SF#0 (41PRB)
	SF#1,3,4,6,8,9 (non NZP-CSI-RS)
	SF#2,7 (NZP-CSI-RS)

	Subslot 1
	28*(41-8)+8*8 = 988
	28*(50-8)+8*8 = 1240
	28*(50-8)+8*8 = 1240

	Subslot 2
	24*(41-8)+0 = 792
	24*(50-8)+0 = 1008
	22*(50-8)+0 = 924

	Subslot 3
	16*(41-8)+0 = 528
	16*(50-8)+0 = 672
	16*(50-8)+0 = 672

	Subslot 4
	24*(41-8)+0 = 792
	24*(50-8)+0 = 1008
	24*(50-8)+0 = 1008

	Subslot 5
	28*(41-8)+12*8 = 1020
	28*(50-8)+12*8 = 1272
	28*(50-8)+12*8 = 1272




2.2.2	FRC tables
Table 11 and Table 12 show the FRC tables used for slot-PDSCH and subslot-PDSCH, respectively. The TBS for slot/subslot-PDSCH is derived according to [3], and suitable TBS is chosen according to TS36.101 A.3.1. 
For slot-PDSCH, the maximum coding rate at retransmission becomes 0.55 when TBS=2216 is re-transmitted in SF#0 slot#0 (channel bits=4100). We think this is acceptable. 
[bookmark: _Ref513390560]For subslot-PDSCH, the maximum coding rate becomes 0.73 when TBS=744 is transmitted in SF#0 subslot#3 (Channel bits=1056). Although the coding rate does not exceed 0.93, it may be high considering the target coding rate of 0.33 for the TM9 test. As same as CRS-based transmission, one possibility is to avoid the transmission in subslot#3 and Table 13 shows the FRC table when subslot#3 is DRXed. Since DMRS is transmitted only in subslot#1, #3, and #5, UE cannot receive subslot-PDSCH in subslot#3 if subslot#3 is DTXed. Therefore in this table DMRS is transmitted in subslot#1 and #4. With this change, the maximum coding rate becomes 0.58 when TBS=744 is transmitted in SF#0 subslot#4 (channel bits=1320). 
[bookmark: _Ref514070419]Table 11	FRC table for DMRS-based slot-PDSCH (1/3 QPSK).
	
	Unit
	Information bit payload per slot
	Binary channel bits per slot

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

	    Slot index 0
	Bits
	1800
	5000

	    Slot index 1
	Bits
	2216
	6680

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

	    Slot index 0
	Bits
	1416
	4800

	    Slot index 1
	Bits
	2216
	6680

	  For Sub-Frame 5
	
	N/A
	

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

	    Slot index 0
	Bits
	1480
	4100

	    Slot index 1
	Bits
	1800
	5420



[bookmark: _Ref513390563]Table 12	FRC table for DMRS-based subslot-PDSCH (1/3 QPSK).
	
	Unit
	Information bit payload per subslots
	Binary channel bits per subslots

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

	    Subslot index 1 (With DMRS)
	Bits
	744
	2480

	    Subslot index 2
	bits
	600
	2016

	    Subslot index 3 (With DMRS)
	Bits
	376
	1344

	    Subslot index 4
	Bits
	600
	2016

	    Subslot index 5 (With DMRS)
	Bits
	872
	2544

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

	    Subslot index 1 (With DMRS)
	Bits
	744
	2480

	    Subslot index 2
	bits
	600
	1848

	    Subslot index 3 (With DMRS)
	Bits
	376
	1344

	    Subslot index 4
	Bits
	600
	2016

	    Subslot index 5 (With DMRS)
	Bits
	872
	2544

	  For Sub-Frame 5
	
	
	

	  For Sub-Frames 0 (41PRB)
	
	
	

	    Subslot index 1 (With DMRS)
	Bits
	600
	1976

	    Subslot index 2
	bits
	504
	1584

	    Subslot index 3 (With DMRS)
	Bits
	296
	1056

	    Subslot index 4
	Bits
	504
	1584

	    Subslot index 5 (With DMRS)
	Bits
	600
	2040



[bookmark: _Ref513390565]Table 13	FRC table for DMRS-based subslot-PDSCH (1/3 QPSK) with subslot#3 DTXed.
	
	Unit
	Information bit payload per subslots
	Binary channel bits per subslots

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

	    Subslot index 1 (With DMRS)
	Bits
	744
	2480

	    Subslot index 2
	bits
	600
	2016

	    Subslot index 3 (Without DMRS)
	Bits
	N/A
	DTX

	    Subslot index 4 (With DMRS)
	Bits
	472
	1680

	    Subslot index 5
	Bits
	872
	2880

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

	    Subslot index 1 (With DMRS)
	Bits
	744
	2480

	    Subslot index 2
	bits
	600
	1848

	    Subslot index 3 (Without DMRS)
	Bits
	N/A
	DTX

	    Subslot index 4 (With DMRS)
	Bits
	472
	1680

	    Subslot index 5
	Bits
	872
	2880

	  For Sub-Frame 5
	
	
	

	  For Sub-Frames 0 (41PRB)
	
	
	

	    Subslot index 1 (With DMRS)
	Bits
	600
	1976

	    Subslot index 2
	bits
	504
	1584

	    Subslot index 3 (Without DMRS)
	Bits
	N/A
	DTX

	    Subslot index 4 (With DMRS)
	Bits
	408
	1320

	    Subslot index 5
	Bits
	712
	2304



Proposal 1: For Subslot-PDSCH, subslot#3 should be DTX’ed to avoid very high coding rate at retransmission. 
3	Simulation results
3.1	TM3
Figure 5 and Figure 6 show the simulation results of slot-PDSCH and subslot-PDSCH respectively. Figure 6 also compares the case subslot#3 is transmitted or DTX’ed.
Comparing between EPA5 and EVA30, there is no significant performance difference with regard to 70% of the maximum throughput. Since RAN4 has already agreed to set EPA5 for TM9, we propose to test with higher Doppler frequency, i.e., EVA30 for TM3 PDSCH demodulation requirements from the test coverage purpose. 
For the comparison between subslot#3 transmission and DTXed in subslot-PDSCH, it is observed that the performance with subslot#3 DTX’ed is slight better than the case of subslot#3 transmission with regard to 70% of the maximum throughput. We think it is because the subslots with high coding rate are DTX’ed. 
Proposal 2: RAN4 sets EVA30 for TM3 PDSCH demodulation requirements with sTTI.   

[image: ]
[bookmark: _Ref513391917]Figure 5	Simulation results of slot-PDSCH TM3 dual layer.
[image: ]
[bookmark: _Ref513391919]Figure 6	Simulation results of subslot-PDSCH TM3 dual layer.
3.2	TM9
Figure 7 and Figure 8 show the simulation results for slot-PDSCH and subslot-PDSCH, respectively. Figure 8 also compares the scenario subslot#3 is transmitted or DTX’ed. 
Our preference is to choose single layer. The reason is we think the purpose of this demodulation requirement is to verify DMRS-based PDSCH demodulation under slot/subslot-based processing. For this purpose, single layer is sufficient and dual layer can be verified with the existing non-STTI TM9 test cases. 
For the comparison between subslot#3 transmission and DTXed in subslot-PDSCH, it is observed that the performance with subslot#3 DTX’ed is slight better than the case of subslot#3 transmission with regard to 70% of the maximum throughput. 

[bookmark: _GoBack]Proposal 3: RAN4 specifies TM9 single layer PDSCH demodulation requirements for sTTI.   

[image: ]
[bookmark: _Ref513392564]Figure 7	Simulation results of slot-PDSCH TM9. 
[image: ]
[bookmark: _Ref513392565]Figure 8	Simulation results of subslot-DPSCH TM9. 
4	Conclusion
Proposal 1: For Subslot-PDSCH, subslot#3 should be DTX’ed to avoid very high coding rate at retransmission. 
Proposal 2: RAN4 sets EVA30 for TM3 PDSCH demodulation requirements with sTTI.   
Proposal 3: RAN4 specifies TM9 single layer PDSCH demodulation requirements for sTTI.
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