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1. Introduction
In RAN4 #87 meeting, some simulation assumptions for PDSCH for both slot-based and subslot-based PDSCH is agreed for sTTI study item [1]. 
In this paper, we propose the FRC table and present the corresponding simulation results based on the agreed simulation assumption for the FDD sPDSCH demodulation.
2. Simulation Result
2.1. CRS-based PDSCH
2.1.1. CRS-based slot-based PDSCH

In this section, we propose the FRC table and present the corresponding simulation results for CRS-based slot-based PDSCH based on the agreed simulation assumptions in RAN4#87 meeting [1].
Proposal 1. We propose to use Table 1 as FRC table for CRS-based slot-based PDSCH.
Table 1. Proposed FRC table for CRS-based slot-based PDSCH

	
	Unit
	Test 1-1

	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
	11448 

	    Slot index 1
	Bits
	14112

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Slot index 0
	Bits
	9912 

	    Slot index 1
	Bits
	12576 

	Binary channel bits per slot
	
	

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

	    Slot index 0
	Bits
	22400

	    Slot index 1
	Bits
	28288

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Slot index 0
	Bits
	21248

	    Slot index 1
	Bits
	26368

	Note: Given per component carrier per codeword.


Figure 1 shows the throughput performance of CRS-based slot-based PDSCH with EVA30 channel with the simulation assumptions agreed in RAN#87 [1] assuming the FRC table in Table 1.
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Figure 1. Throughput performance for CRS-based slot-based PDSCH with proposed FRC table in Table 1
Observation 1. For CRS-based slot-based PDSCH with proposed FRC table in Table 1 with EVA30 channel, 70% max throughput can be achieved at SNR of 11.66dB.
2.1.2. CRS-based subslot-based PDSCH

In this section, we propose the FRC table and present the corresponding simulation results for CRS-based subslot-based PDSCH based on the agreed simulation assumptions in RAN4#87 meeting [1].

Based on current RAN1 agreement, there is no spec restriction for retransmission of the TBS with the first transmission on 3-symbol sTTI on 2-symbol sTTI or vice versa, which could result in significant difference in coding rate between the first transmission and retransmissions. For the retransmissions, eNB either has the option to retransmit on the subslot with the same coding as the first transmission or can retransmit on the first possible DL opportunity, which can lead to different throughout performance depending on the retransmission scheme used by TE. 
Proposal 2. We propose to use Table 2 as FRC table for CRS-based subslot-based PDSCH.
Table 2. Proposed FRC table for CRS-based subslot-based PDSCH

	
	Unit
	Test 1-2 

	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
	5160

	    Subslot index 2
	Bits
	4264

	    Subslot index 3
	Bits
	2984

	    Subslot index 4
	Bits
	4264

	    Subslot index 5
	Bits
	5160

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Subslot index 1
	Bits
	5160

	    Subslot index 2
	Bits
	3880

	    Subslot index 3
	Bits
	2664

	    Subslot index 4
	Bits
	3880

	    Subslot index 5
	Bits
	5160 

	Binary channel bits per subslot
	
	

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

	    Subslot index 1
	Bits
	12032

	    Subslot index 2
	Bits
	8832

	    Subslot index 3
	Bits
	5888

	    Subslot index 4
	Bits
	8832

	    Subslot index 5
	Bits
	12288

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Subslot index 1
	Bits
	12032

	    Subslot index 2
	Bits
	7680

	    Subslot index 3
	Bits
	5120

	    Subslot index 4
	Bits
	7680

	    Subslot index 5
	Bits
	12288

	Note: Given per component carrier per codeword.


Figure 2 shows the throughput performance of CRS-based subslot-based PDSCH with EVA30 channel with the simulation assumptions agreed in RAN#87 [1] assuming Table 2 as the FRC table.
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Figure 2. Throughput performance for CRS-based subslot-based PDSCH with proposed FRC table in Table 2 with different retransmission schemes
Observation 2. For CRS-based subslot-based PDSCH, different TE implementation of retransmission scheme may result in the demodulation performance difference of up to 1dB.
Observation 3. For CRS-based subslot-based PDSCH with proposed FRC table in Table 2 with EVA30 channel, 70% max throughput can be achieved at SNR of 9.71dB when retransmission is on the subslot with the same conding as the first transmission. In case retransmission can happen on the subslot with different coding rate as first transmission, 70% max throughput can be achieved at SNR of 10.15dB to 10.4dB depending on the retransmission scheme and considered HARQ timeline.
Proposal 3. For subslot-based PDSCH, to deal with the issue of having different coding rate between first transmission and retransmissions, we propose the following options: 

· Option 1: Specify a retransmission scheme for TE for the PDSCH test such that retransmission can happen only on the subslot with comparable coding rate as first transmission.

· Option 2: Specify a retransmission scheme for TE for the PDSCH test such that retransmission follows HARQ timeline, i.e., for the first transmission at subframe n, retransmission on the first available DL after n+8 (or 12).
2.2. DMRS-based PDSCH
2.2.1. DMRS-based slot-based PDSCH

In this section, we propose the FRC table for DMRS-based slot-based PDSCH based on the agreed simulation assumptions in RAN4#87 meeting [1].

Proposal 4. We propose to use Table 3 as FRC table for DMRS-based slot-based PDSCH.
Table 3. Proposed FRC table for DMRS-based slot-based PDSCH
	
	Unit
	Test 2-1

	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
	2856 

	    Slot index 1
	Bits
	4392

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

	    Slot index 0
	Bits
	2856 

	    Slot index 1
	Bits
	4392 

	  For Sub-Frame 5
	
	N/A

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

	    Slot index 0
	Bits
	2408

	    Slot index 1
	Bits
	3624 

	Binary channel bits per slot
	
	

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

	    Slot index 0
	Bits
	10000

	    Slot index 1
	Bits
	13360

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

	    Slot index 0
	Bits
	9600

	    Slot index 1
	Bits
	13360

	  For Sub-Frame 5
	
	N/A

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

	    Slot index 0
	Bits
	8200

	    Slot index 1
	Bits
	10840

	Note: CSI-RS configuration = 0 for NZP-CSI-RS

Note: Given per component carrier per codeword. 


2.2.2. DMRS-based subslot-based PDSCH

In this section, we propose the FRC table and present the corresponding simulation results for DMRS-based subslot-based PDSCH based on the agreed simulation assumptions in RAN4#87 meeting [1].

Proposal 5. We propose to use Table 4 as FRC table for DMRS-based subslot-based PDSCH.
Table 4. Proposed FRC table for DMRS-based subslot-based PDSCH
	
	Unit
	Test 2-2

	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 subslots
	
	

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

	    Subslot index 1
	Bits
	1480

	    Subslot index 2
	bits
	1224

	    Subslot index 3
	Bits
	744

	    Subslot index 4
	Bits
	1224

	    Subslot index 5
	Bits
	1480

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

	    Subslot index 1
	Bits
	1480

	    Subslot index 2
	bits
	1224

	    Subslot index 3
	Bits
	744

	    Subslot index 4
	Bits
	1224

	    Subslot index 5
	Bits
	1480

	  For Sub-Frame 5
	
	

	  For Sub-Frames 0 (41PRB)
	
	

	    Subslot index 1
	Bits
	1224

	    Subslot index 2
	bits
	1000

	    Subslot index 3
	Bits
	600

	    Subslot index 4
	Bits
	1000

	    Subslot index 5
	Bits
	1224

	Binary channel bits per subslots
	
	

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

	    Subslot index 1
	Bits
	4960

	    Subslot index 2
	bits
	4032

	    Subslot index 3
	Bits
	2688

	    Subslot index 4
	Bits
	4032

	    Subslot index 5
	Bits
	5088

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

	    Subslot index 1
	Bits
	4960

	    Subslot index 2
	bits
	3696

	    Subslot index 3
	Bits
	2688

	    Subslot index 4
	Bits
	4032

	    Subslot index 5
	Bits
	5088

	  For Sub-FFrame 5
	
	N/A

	  For Sub-Frames 0 (41PRB)
	
	

	    Subslot index 1
	Bits
	3952

	    Subslot index 2
	bits
	3168

	    Subslot index 3
	Bits
	2112

	    Subslot index 4
	Bits
	3168

	    Subslot index 5
	Bits
	4080

	Note: CSI-RS configuration = 0 for NZP-CSI-RS

Note: Given per component carrier per codeword. 


3. Conclusions

In this paper, we propose the FRC tables and present the corresponding simulation result for the FDD sPDSCH demodulation based on the agreed simulation assumption in the RAN4 #87 meeting. 
Observations made in this paper are summarized as follows:

Observation 1. For CRS-based slot-based PDSCH with proposed FRC table in Table 1 with EVA30 channel, 70% max throughput can be achieved at SNR of 11.66dB.
Observation 2. For CRS-based subslot-based PDSCH, different TE implementation of retransmission scheme may result in the demodulation performance difference of up to 1dB.

Observation 3. For CRS-based subslot-based PDSCH with proposed FRC table in Table 2 with EVA30 channel, 70% max throughput can be achieved at SNR of 9.71dB when retransmission is on the subslot with the same condign as the first transmission. In case retransmission can happen on the sublsot with different coding rate as first transmission, 70% max throughput can be achieved at SNR of 10.15dB to 10.4dB depending on the retransmission scheme and considered HARQ timeline.

Proposal 1. We propose to use Table 1 as FRC table for CRS-based slot-based PDSCH.

Proposal 2. We propose to use Table 2 as FRC table for CRS-based subslot-based PDSCH
Proposal 3. For subslot-based PDSCH, to deal with the issue of having different coding rate between first transmission and retransmissions, we propose the following options: 

· Option 1: Specify a retransmission scheme for TE for the PDSCH test such that retransmission can happen only on the subslot with comparable coding rate as first transmission.

· Option 2: Specify a retransmission scheme for TE for the PDSCH test such that retransmission follows HARQ timeline, i.e., for the first transmission at subframe n, retransmission on the first available DL after n+8 (or 12).
Proposal 4. We propose to use Table 3 as FRC table for DMRS-based slot-based PDSCH.

Proposal 5. We propose to use Table 4 as FRC table for DMRS-based subslot-based PDSCH.
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