Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 Meeting AH1807	R4-1808808
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Montreal, Canada, 2 – 6 July 2018

Agenda Item:	4.1.2.1.1
Source:	Ericsson
Title:	Simulation results of PDSCH for sTTI UE demodulation requirements
Document for:	Discussion
1	Introduction
RAN4#87 agreed with the way forward on UE demodulation requirements for sTTI [1]. 
	· Consider EVA30 for CRS-based sPDCCH and sPDSCH performance requirements.
· Consider dual layer for DMRS-based sPDSCH performance requirements.
· Companies are encouraged to provide the simulation results of sPDCCH and Slot/Subslot-PDSCH based on the agreement
· Simulation assumption: R4-1805493



This contribution discusses the remaining open issue on the slot/subslot-PDSCH demodulation requirements, that is, the huge coding rate difference between the first transmission and retransmission. 
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 
According to TS36.213 7.1.7 (see below), TBS for slot/subslot-PDSCH is derived from
1. calculating TBS according to the number of layers, 
2. applying the scaling factor 0.5 for slot-PDSCH and 1/6 for subslot-PDSCH, and 
3. rounding to the closest valid TBS. 
Since RAN4 agreed to specify sTTI PDSCH demodulation requirements with 2 layers, the TBS in the FRC table should be based on two layers, otherwise the TBS could be different if we derive TBS based on 1 layer.
	· 

for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer) is scaled by α (for slot-based PDSCH, and for subslot-based PDSCH), then rounded to the closest valid transport block size in
· Table 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,
· Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,
· Table 7.1.7.2.4-1 when the transport block is mapped to three spatial layers,
· Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.



[bookmark: _Ref513389570]Table 1	FRC table for CRS-based slot-PDSCH (1/2 16QAM)
	
	Unit
	Information bit payload per slot
(two codewords)
	Binary channel bits per slot per layer

	  For Sub-Frame 1,2,3,4,6,7,8,9
	Bits
	MCS
	TBS
	Code rate
	

	    Slot index 0
	Bits
	13
	11448
	0.51
	11200

	    Slot index 1
	Bits
	15
	14112
	0.50
	14114

	  For Sub-Frame 5
	
	
	N/A
	
	

	  For Sub-Frame 0
	
	
	
	
	

	    Slot index 0
	Bits
	12
	9912
	0.48
	10264

	    Slot index 1
	Bits
	14
	12576
	0.48
	13184



[bookmark: _Ref513389571]Table 2	FRC table for CRS-based subslot-PDSCH (1/2 16QAM). 
	
	Unit
	Information bit payload per subslot
(two codewords)
(target code rate = 0.5)
	Information bit payload per subslot
(two codewords)
(target code rate = 0.45)
	Binary channel bits per subslot per layer

	  For Sub-Frame 1,2,3,4,6,7,8,9
	
	MCS
	TBS
	Code rate
	MCS
	TBS
	Code rate
	

	    Subslot index 1
	Bits
	16
	5160
	0.43
	16
	5160
	0.43
	6016

	    Subslot index 2
	Bits
	14
	4264
	0.49
	13
	3880
	0.44
	4416

	    Subslot index 3
	Bits
	11
	2984
	0.51
	10
	2664
	0.45
	2944

	    Subslot index 4
	Bits
	14
	4264
	0.48
	13
	3880
	0.44
	4416

	    Subslot index 5
	Bits
	16
	5160
	0.42
	16
	5160
	0.42
	6144

	  For Sub-Frame 5
	
	
	N/A
	
	
	
	
	

	  For Sub-Frame 0
	
	
	
	
	
	
	
	

	    Subslot index 1
	Bits
	16
	5160
	0.43
	16
	5160
	0.43
	6016

	    Subslot index 2
	Bits
	13
	3880
	0.51
	12
	3368
	0.44
	3840

	    Subslot index 3
	Bits
	10
	2664
	0.52
	10
	2664
	0.52
	2560

	    Subslot index 4
	Bits
	13
	3880
	0.50
	12
	3368
	0.44
	3840

	    Subslot index 5
	Bits
	16
	5160
	0.42
	16
	5160
	0.42
	6144



Table 1 and Table 2 show the FRC tables used for slot-PDSCH and subslot-PDSCH, respectively.
RAN4 has discussed the issue on the huge coding rate difference between the first transmission and retransmission. For slot-PDSCH, for example, the code rate of slot 1 in subframe 1 is 0.50 at the initial transmission (TBS=14112, Channel bits=14114). When this TBS is retransmitted in subframe 0 slot 0, the coding rate becomes 0.69 (TBS=14112, Channel bits=10264). On the other hand, the code rate becomes 0.35 when TBS=9912 is retransmitted at subframe 1 slot 1 (Channel bits=14114). One concern is the different TE retransmission scheduling might affect to the test result. For example, if TE always retransmits TBS at the same slot index number (e.g., retransmission of slot index 0 is always performed in slot index 0), then the coding rate is kept around 0.5 at the retransmission. On the other hand, if TE retransmits TBS at the different slot index number (e.g., retransmission of slot 0 is performed in slot 1 and retransmission of slot 1 is performed in slot 0), the effective coding rate varies between 0.35 and 0.69 at the retransmission. 
For subslot-PDSCH, even worse, the effective code rate becomes 1.01 when TBS=5160 is retransmitted in subframe 0 subslot 3 (channel bits=2560). According to the RAN1 specification, the code rate should not exceed 0.93.
To address this issue, we can consider several options:
· Option 1: No HARQ retransmission.
This option does not perform retransmission and therefore we can keep the same code rate. However, it may be not suitable from the UE demodulation requirement point of view. 
· Option 2: Set the higher fraction of maximum throughput as requirements, e.g., 85% to reduce HARQ retransmission.
RAN4 traditionally sets the PDSCH demodulation requirement to achieve 70% of maximum throughput because it considers 1 or 2 HARQ retransmissions. This option reduces the probability of the retransmission and therefore the probability of huge coding rate difference is reduced, but this option cannot avoid the issue the coding rate could exceed 0.93 for subslot-PDSCH when the retransmission happens.
· Option 3: DTX subslot #3 for subslot-PDSCH. 
This option can avoid the coding rate exceeds 0.93. With subslot #3 is DTX’ed, however, it remains the large coding rate difference between the initial transmission and retransmission. Another disadvantage of this option is the demodulation at subslot #3 cannot be verified. 
· Option 4: Schedule the retransmission only at the slot/subslot where the number of channel bits are close to the initial transmission.
This option can keep the similar coding rate over the test. One disadvantage is TE cannot always schedule the retransmission. However, RAN5 procedure (TS36.521-1 G.2.2) judges the PASS/FAIL with the error ratio given by (NACK + statDTX) / (NACK + statDTX + ACK). This means the unscheduled slot/subslot is not considered as the error rate.
We prefer Option 4 because it can keep the similar coding rate as much as possible, and this allows TE to schedule TBS on all the slot/subslots. 
Proposal 1: For CRS-based slot-PDSCH tests, slots used for the retransmission are limited as follows:
	Slot for the initial transmission
	Slots used for the retransmission

	Slot 0
	Slot 0

	Slot 1
	Slot 1



Proposal 2: For CRS-based subslot-PDSCH tests, subslots used for the retransmission are limited as follows:
	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 transmission
Table 3 and Table 4 show the FRC tables used for slot-PDSCH and subslot-PDSCH, respectively. Note the target coding rate is 1/3.
Similar to the CRS-based transmission, the FRC tables cause the huge coding rate difference at retransmission. For slot-PDSCH, the maximum coding rate at retransmission becomes 0.55 when TBS=2216 is retransmitted in subframe 0 slot 0 (channel bits=4100). 
[bookmark: _Ref513390560]For subslot-PDSCH, the maximum coding rate becomes 0.73 when TBS=744 is transmitted in subframe 0 subslot 3 (Channel bits=1056). Since the target coding rate of 1/3, we don’t expect UE can decode the PDSCH when TBS=744 is transmitted in subframe 0 subslot 3. For DMRS-based transmission, we also propose to apply the same retransmission scheduling rule as we proposed for CRS-based transmission to avoid the huge coding rate difference. 
Proposal 3: For DMRS-based slot/subslot-PDSCH tests, apply the same retransmission rule as CRS-based slot/subslot-PDSCH tests. 

Additionally we also need consider the DMRS sharing. In the simulation assumption, DMRS is transmitted in subslots 1, 3, and 5. UE uses DMRS in subslot 1 and subslot 3 for PDSCH demodulation in subslot 2 and subslot 4, respectively. This means if BS does not schedule PDSCH in subslot 1, UE cannot perform PDSCH demodulation in subslot 2 because of no DMRS in subslot 1. Therefore if BS does not schedule PDSCH in subslot 1, BS should not not schedule PDSCH in subslot 2, and if BS does not schedule PDSCH in subslot 3, BS should not schedule PDSCH in subslot 4.
Proposal 4: For DMRS-based subslot-PDSCH, if BS does not schedule PDSCH in subslot 1, BS should not not schedule PDSCH in subslot 2, and if BS does not schedule PDSCH in subslot 3, BS should not schedule PDSCH in subslot 4.

[bookmark: _Ref514070419]Table 3	FRC table for DMRS-based slot-PDSCH (1/3 QPSK).
	
	Unit
	Information bit payload per slot (one codeword)
	Binary channel bits per slot

	  For Sub-Frames 1,3,4,6,8,9
	
	MCS
	TBS
	Code rate
	

	    Slot index 0
	Bits
	3
	1800
	0.36
	5000

	    Slot index 1
	Bits
	5
	2216
	0.33
	6680

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

	    Slot index 0
	Bits
	3
	1416
	0.30
	4800

	    Slot index 1
	Bits
	5
	2216
	0.33
	6680

	  For Sub-Frame 5
	
	
	N/A
	
	

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

	    Slot index 0
	Bits
	3
	1480
	0.35
	4100

	    Slot index 1
	Bits
	4
	1800
	0.33
	5420



[bookmark: _Ref513390563]Table 4	FRC table for DMRS-based subslot-PDSCH (1/3 QPSK).
	
	Unit
	Information bit payload per subslots (one codeword)
	Binary channel bits per subslots

	  For Sub-Frames 1,3,4,6,8,9
	
	MCS
	TBS
	Code rate
	

	    Subslot index 1 (With DMRS)
	Bits
	5
	744
	0.31
	2480

	    Subslot index 2
	bits
	4
	600
	0.31
	2016

	    Subslot index 3 (With DMRS)
	Bits
	2
	376
	0.30
	1344

	    Subslot index 4
	Bits
	4
	600
	0.31
	2016

	    Subslot index 5 (With DMRS)
	Bits
	6
	872
	0.35
	2544

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

	    Subslot index 1 (With DMRS)
	Bits
	5
	744
	0.31
	2480

	    Subslot index 2
	bits
	4
	600
	0.34
	1848

	    Subslot index 3 (With DMRS)
	Bits
	2
	376
	0.30
	1344

	    Subslot index 4
	Bits
	4
	600
	0.31
	2016

	    Subslot index 5 (With DMRS)
	Bits
	6
	872
	0.35
	2544

	  For Sub-Frame 5
	
	
	
	
	

	  For Sub-Frames 0 (41PRB)
	
	
	
	
	

	    Subslot index 1 (With DMRS)
	Bits
	5
	600
	0.31
	1976

	    Subslot index 2
	bits
	4
	504
	0.33
	1584

	    Subslot index 3 (With DMRS)
	Bits
	2
	296
	0.30
	1056

	    Subslot index 4
	Bits
	4
	504
	0.33
	1584

	    Subslot index 5 (With DMRS)
	Bits
	5
	600
	0.31
	2040



3	Simulation results
3.1	TM3
Figure 1 shows the simulation result of slot-PDSCH. 
[image: ]
[bookmark: _Ref513391917]Figure 1	Simulation results of slot-PDSCH TM3 dual layer.

Figure 2 shows the relative throughput of subslot-PDSCH per subslot. For example, ‘Sutslots 1 and 5’ is the result when BS schedules PDSCH only in subslots 1 and 5. From the simulation results it is clear there are significant performance difference, and this is because of the different coding rate per subslot. 
From the FRC in Table 2, MCS16 is the maximum MCS index for 16QAM and even if we set MCS16, the coding rate of subslots 1 and 5 are 0.43. On the other hand, we can set MCS so that the coding rate becomes close to 0.5 for other subslots. This is the reason of performance gap of 2dB at 70% of the maximum throughput. Since it is not possible to increase the coding rate for subslots 1 and 5, one possible option is to reduce the target coding rate to 0.45. With this option, we can reduce the performance gap within 1dB as shown in Figure 2. 
[bookmark: _GoBack]It is also observed the coding rate of subframe 0 subslot 3 is 0.52 because the minimum MCS index is 10 for 16QAM. This means 0.52 is the minimum coding rate with 16QAM for subframe 0 subslot 3. However it happens once per radio frame, and we think the affect to the performance is small. 
Proposal 5: Set target coding rate to 0.45 for CRS-based subslot-PDSCH to avoid huge performance gap among subslots. 

[image: ]
[bookmark: _Ref513391919]Figure 2	Simulation results of subslot-PDSCH TM3 dual layer.
3.2	TM9
Figure 3 shows the simulation results for slot-PDSCH and subslot-PDSCH. 
[image: ]
[bookmark: _Ref513392565]Figure 3	Simulation results of slot/subslot-DPSCH TM9. 
4	Conclusion
Proposal 1: For CRS-based slot-PDSCH tests, slots used for the retransmission are limited as follows:
	Slot for the initial transmission
	Slots used for the retransmission

	Slot 0
	Slot 0

	Slot 1
	Slot 1



Proposal 2: For CRS-based subslot-PDSCH tests, subslots used for the retransmission are limited as follows:
	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



Proposal 3: For DMRS-based slot/subslot-PDSCH tests, apply the same retransmission rule as CRS-based slot/subslot-PDSCH tests. 
Proposal 4: For DMRS-based subslot-PDSCH, if BS does not schedule PDSCH in subslot 1, BS should not not schedule PDSCH in subslot 2, and if BS does not schedule PDSCH in subslot 3, BS should not schedule PDSCH in subslot 4.
Proposal 5: Set target coding rate to 0.45 for CRS-based subslot-PDSCH to avoid huge performance gap among subslots. 
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Appendix
Channel bits for CRS-based transmission
Figure 4 illustrates the resource allocation for slot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). Figure 5 illustrates the resource allocation for subslot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). 
Table 5 and Table 6 give the calculation of the number of OFDM symbol per 12 subcarriers for slot-PDSCH and subslot-PDSCH, respectively. Table 7 and Table 8 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 4	Resource allocation for CRS-based slot-PDSCH with/without SPDCCH (4 CRS ports, 1 OFDM symbol for SPDCCH).

[image: ]
[bookmark: _Ref513032997]Figure 5	Resource allocation for CRS-based subslot-PDSCH with/without SPDCCH (4 CRS ports, 1 OFDM symbol for SPDCCH).
[bookmark: _Ref513033061]Table 5 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 6 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 7 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 8 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




Channel bits for DMRS-based transmission 
Figure 6 illustrates the resource allocation for slot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). Figure 7 illustrates the resource allocation for subslot-PDSCH without SPDCCH transmission (left) and with SPDCCH transmission (right). According to the simulation assumption [2], 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 9 and Table 10 show the calculation of the number of OFDM symbol per 12 subcarriers for slot-PDSCH and subslot-PDSCH, respectively. Table 11 and Table 12 show the calculation of the total number of OFDM symbols allocated for PDSCH. 

[image: ]
[bookmark: _Ref513388974]Figure 6	Resource allocation for DMRS-based slot-PDSCH with CSI-RS with/without SPDCCH.

[image: ]
[bookmark: _Ref513388976]Figure 7	Resource allocation for DMRS-based subslot-PDSCH with CSI-RS with/without SPDCCH.

[bookmark: _Ref513389010]Table 9 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 10 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 11 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 12 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
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