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1   Background
During RAN4#87 Busan meeting, WF[1] was approved to finalize the propagation condition EVA30 and the dual layer for TM9 based test case for sTTI UE demodulation  and CSI performance requirements, also further alignments for sPDSCH FRC for CRS-based.
In this contribution, we share our simulation results of CRS-based and DMRS-based SPDSCH under the simulation assumptions that are agreed before for alignments.
2   Discussion

2 PDCCH symbols (CFI) was agreed to use, so sTTI pattern [2 3 2 2 2 3] was also agreed for subslot-based PDSCH tranmission with subslot TTI#0 totally occupied by PDCCH and 2 or 3 symbols available for sPDSCH transmission in other subslot TTIs occasions. Also, the retransmission scheme that was agreed in the last meeting are considered as one of the simulation conditions. Therefore, we provide our test 1 and test 2 simulation results based on the assumptions and conditions above.

2.1   CRS-based sPDSCH

As per the procedure stated above, we checked the TBS and channel bits given in WF[1] for CRS-based, all of them can be aligned well, i.e., we can use it for the simulation assumptions and FRC table definition.
The simulation assumptions for CRS-based test 1 are shown as follows:

	
	Test 1

	Bandwidth
	10MHz

	Number of PDCCH symbols (CFI)
	2

	Cyclic prefix 
	Normal

	Subframe configuration
	Non-MBSFN

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

	Propagation channel
	EVA30

	Antenna configuration
	4x2 Low

	Transmission modes
	TM3 dual layer

	Antenna ports
	0-3

	Precoder update granularity
	N/A

	Beamforming precoder
	N/A

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

	MCS
	16QAM 1/2

	Duplex mode (Note 2)
	FDD / TDD

	Evaluation criteria
	70% of Max Tput

	CSI-RS signals
	N/A

	CSI-RS periodicity and subframe offset
	N/A

	CSI-RS configuration
	N/A

	ZP-CSI-RS configuration
	N/A

	v_shift (mod(cell_ID, 6))
	0

	Associated SPDCCH transmission
	CRS-based, Localized

	Aggregation level
	[2 SCCE]

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

	DCI format 
	7-1B

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

	SPDCCH-PRB-set used for DCI transmission
	Set 1 for slot-based

Set 2 for subslot-based


The retransmission schemes are shown as follows,

Slot-based SPDSCH retransmission:
	Slot for the initial transmission
	Slots used for the retransmission

	Slot 0
	Slot 0

	Slot 1
	Slot 1


Subslot-based SPDSCH retransmission:
	Subslot for the initial transmission
	Subslots used for the retransmission

	Subslot 1
	Subslot 1, Subslot 5

	Subslot 2
	Subslot 2, Subslot 4

	Subslot 3
	Subslot 3

	Subslot 4
	Subslot 2, Subslot 4

	Subslot 5
	Subslot 1, Subslot 5


2.2   DMRS-based sPDSCH

2.2.1   Subslot TTI
As per the WF [1~2], we can get the following DMRS pattern with NZP CSI-RS configuration 0:
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Figure 2.2.1-1 DMRS pattern for subslot-TTI based PDSCH within non-MBSFN subframe
Also consider that DMRS is only transmitted in subslot-TTI#1, #3 and #5, by following the general TBS calculation procedure described above, we can get the following FRC for subslot-TTI based PDSCH with TM9 in the next part.
2.2.1.1   Two antenna ports
Table 2.2.1.1-1: Fixed Reference Channel for subslot-PDSCH with DMRS-based, two CSI-RS antenna ports and four CSI-RS antenna ports
	
	Unit
	Test 2

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	QPSK

	Target coding rate
	
	1/3

	Number of HARQ processes
	
	FFS

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per subslots TTI
	
	

	 For Sub-Frame 5
	
	N/A

	 For Sub-Frame 0 (41PRB)
	
	

	   Subslot TTI index 0
	
	N/A

	   Subslot TTI index 1
	
	600

	   Subslot TTI index 2
	
	504

	   Subslot TTI index 3
	
	296

	   Subslot TTI index 4
	
	504

	   Subslot TTI index 5
	
	600

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

	   Subslot TTI index 0
	Bits
	N/A 

	   Subslot TTI index 1
	bits
	744

	   Subslot TTI index 2
	Bits
	600

	   Subslot TTI index 3
	Bits
	376

	   Subslot TTI index 4
	bits
	600

	   Subslot TTI index 5
	bits
	872

	 For Sub-Frame 2,7 (4 CSI-RS antenna ports)
	
	

	   Subslot TTI index 0
	Bits
	N/A 

	   Subslot TTI index 1
	bits
	744

	   Subslot TTI index 2
	Bits
	600

	   Subslot TTI index 3
	Bits
	376

	   Subslot TTI index 4
	bits
	600

	   Subslot TTI index 5
	bits
	872

	Binary channel bits per subslot
	
	

	 For Sub-Frame 5
	
	N/A

	 For Sub-Frame 0 (41PRB)
	
	

	   Subslot TTI index 0
	
	N/A

	   Subslot TTI index 1
	
	1976

	   Subslot TTI index 2 
	
	1584

	   Subslot TTI index 3 
	
	1056

	   Subslot TTI index 4 
	
	1584

	   Subslot TTI index 5
	
	2040

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

	   Subslot TTI index 0
	Bits
	N/A

	   Subslot TTI index 1
	Bits
	2480

	   Subslot TTI index 2
	Bits
	2016

	   Subslot TTI index 3
	Bits
	1344

	Subslot TTI index 4
	Bits
	2016

	Subslot TTI index 5
	Bits
	2544

	For Sub-Frame 2,7 (4 CSI-RS antenna ports)
	
	

	   Subslot TTI index 0
	Bits
	N/A

	   Subslot TTI index 1
	Bits
	2480

	   Subslot TTI index 2
	Bits
	1848

	   Subslot TTI index 3
	Bits
	1344

	Subslot TTI index 4
	Bits
	2016

	Subslot TTI index 5
	Bits
	2544

	Note 1: 2 symbols allocated to PDCCH.

Note 2: sPDCCH configuration: CRS-based sPDCCH with localized transmission, 2 OFDM symbols allocated, aggregation level is 4 sCCE, an sREG consist of 1 RB within 1 OFDM symbol including REs for CRS. 

Note 3: DMRS is transmitted in subslot #1, #3, and #5. DMRS sharing is enabled in subslots #2 and #4.
Note 4: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0. 


2.2.2   Slot TTI
As per the WF [2], we can get the following DMRS pattern with NZP CSI-RS configuration 0:
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Figure 2.2.2-1: DMRS pattern for slot-TTI based PDSCH within non-MBSFN subframe for two layers
By following the general TBS calculation procedure described above, we can get the following FRC for slot-TTI based PDSCH with TM9:
Table 2.2.2-1: Fixed Reference Channel for slot-PDSCH with DMRS-based transmission with dual layer
	
	Unit
	Test 2

	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 slots TTI
	
	

	 For Sub-Frame 5
	
	N/A

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

	   Slot TTI index 0
	
	1480

	   Slot TTI index 1
	
	1800

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

	   Slot TTI index 0
	Bits
	1800

	   Slot TTI index 1
	bits
	2216

	For Sub-Frame 2,7 (4 CSI-RS antenna ports)
	
	

	   Slot TTI index 0
	Bits
	1416

	   Slot TTI index 1
	bits
	2216

	Binary channel bits per slot TTI
	
	

	 For Sub-Frame 5
	
	N/A

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

	   Slot TTI index 0
	
	4100

	   Slot TTI index 1
	
	5420

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

	   Slot TTI index 0
	Bits
	5000

	   Slot TTI index 1
	Bits
	6680

	 For Sub-Frame 2,7 (4 CSI-RS antenna ports)
	
	

	   Slot TTI index 0
	Bits
	4800

	   Slot TTI index 1
	Bits
	6680

	Note 1: 2 symbols allocated to PDCCH.

Note 2: sPDCCH configuration: CRS-based sPDCCH with localized transmission, 2 OFDM symbols allocated, aggregation level is 4 sCCE, an sREG consist of 1 RB within 1 OFDM symbol including REs for CRS.
Note 3: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0. 


3   Simulation results
3.1   TM3 
3.1.1   Slot-based SPDSCH
Figure 3.1.1-1 shows the simulation result of slot-based SPDSCH, the SNR of 70% max throughput is 12.2dB. 
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Figure 3.1.1-1 Simulation results of slot-based SPDSCH
3.1.2   Subslot-based SPDSCH
Figure 3.1.2-1 shows the simulation results of subslot-based SPDSCH, the SNR of 70% max throughput is 11.08dB and 12.04dB for subslot # 2 & #4 and subslot #3, respectively.
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Figure 3.1.2-1 Simulation results of subslot-based SPDSCH
3.2   TM9
3.2.1   Subslot-based SPDSCH
Figure 3.2.1-1 shows the simulation result of subslot-based SPDSCH
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Figure 3.2.1-1 TM9 subslot-based SPDSCH

3.2.2   Slot-based SPDSCH

Figure 3.2.2-1 shows the simulation result of slot-based SPDSCH
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Figure 3.2.2-1 TM9 slot-based SPDSCH
3.3   Conclusion
For test 1, TM3, figure 3.1.1-1 shows the SNR of max throughput of slot-based SPDSCH is 12.2dB. Figure 3.1.2-1 shows the results of different subslot index, the resulted SNR of subslot #2 & #4 is 11.08dB, and, on the other hand, the resulted SNR of subslot # 3 is 12.04dB.

For test 2, TM9, figure 3.2.1-1 and 3.2.2-1 shows the relative throughput of subslot-based SPDSCH of different SNR. The simulation parameters are based on the chapter 2.2.1 and 2.2.2. From the results it is clear that the 70% of the maximum throughput of subslot-based / slot-based SPDSCH is -3.3dB and 0.9dB.
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