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1   Background
During RAN4#86Bis Athens meeting, updated simulation assumptions and WF[1~2] about sTTI UE demodulation  and CSI performance requirements was approved, but still TBD is left for sPDSCH FRC for the simulation and performance requirements.
In this contribution, we share our calculations about the sPDSCH FRC definition as per the agreed simulation assumptions and WF[1~2].

2   Discussion

2 PDCCH symbols (CFI) was agreed to use, so sTTI pattern [2 3 2 2 2 3] can be used with subslot TTI#0 was totally occupied by PDCCH and 2 or 3 symbols available for sPDSCH transmission for other subslot TTIs occasions. As per the agreed simulation assumptions and WF[1~2], we share our general calculations procedure for the channel bits and TBS in this contributions for alignment among companies for the FRC definition:
Consider the PSS/SSS and MIB transmission in subframe#0 and 5, and SIB1 in subframe#5, we suggest that RAN4 does not consider subframe#0 and 5 test.

1: Get the channel bits for each slot/subslot-TTI assuming two codewords for dual layer;

2: Get the corresponding information bits just as per the target code rate for each slot/subslot-TTI;

3: Scale the information bits got in step 2 by multiplying 6 to get the about information bits for legacy LTE;

4: By referring to Table 7.1.7.2.1-1 of TS 36.213 according to the number of PRB 50 instead of “For
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) entry of Table. 7.1.7.2.1-1” to get the closet TBS for legacy LTE, and also get the corresponding 
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value to check the MCS in Table 7.1.7.1-1 to match the configuration;
5: Scale the TBS of legacy LTE got in step 4 by multiplying 1/6 and then round off to the closest valid TBS for slot/subslot TTI.
2.1   CRS-based sPDSCH

For the CRS-based sPDSCH, during the channel bits calculation, we need to carefully consider the overheads of CRS and sPDCCH and overlapping between CRS and sPDCCH in subslot-TTI#3 and #5. By following the procedure described above, we get the following FRC definitions.
2.1.1   Subslot TTI
2.1.1.1 Four antenna ports
Table 2.1.1.1-1: Fixed Reference Channel for subslot-PDSCH with CRS-based transmission with four CRS antenna ports
	
	Unit
	Test 1

	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 subslots TTI
	
	

	 For Sub-Frame 5
	
	N/A

	For Sub-Frame 0
	
	

	  Subslot TTI index 0
	Bits
	N/A 

	  Subslot TTI index 1
	bits
	2472 ->2088

	  Subslot TTI index 2,4
	Bits
	1800

	  Subslot TTI index 3
	Bits
	1192

	  Subslot TTI index 5
	bits
	2472 ->2088

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

	  Subslot TTI index 0
	Bits
	N/A 

	  Subslot TTI index 1
	bits
	3112->2536

	  Subslot TTI index 2,4
	Bits
	2152

	  Subslot TTI index 3
	Bits
	1480

	  Subslot TTI index 5
	bits
	3112->2536

	Binary channel bits per subslot TTI
	
	

	 For Sub-Frame 5
	
	N/A

	For Sub-Frame 0
	
	

	  Subslot TTI index 0
	Bits
	N/A

	  Subslot TTI index 1
	Bits
	4864

	  Subslot index 2,4
	Bits
	3552

	  Subslot index 3
	Bits
	2368

	  Subslot TTI index 5
	Bits
	4992

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

	  Subslot TTI index 0
	Bits
	N/A

	  Subslot TTI index 1
	Bits
	3008

	  Subslot index 2,4
	Bits
	2208

	  Subslot index 3
	Bits
	1472

	  Subslot TTI index 5
	Bits
	3072

	Note 1: 2 symbols allocated to PDCCH.

Note 2: sPDCCH configuration: CRS-based sPDCCH with localized transmission, 1 OFDM symbol per RB set, 2 sCCE allocated with 4 sREG per 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. 
Note 4: Per CW per layer


By following the TBS calculation procedure above, we found that for subslot-TTI#1 and #5, the corresponding 
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equals to 17, but if we refer to Table 7.1.7.1-1: Modulation and TBS index table for PDSCH, we can know the corresponding MCS Index
[image: image6.wmf]MCS

I

 equals to 19, the Modulation order 
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is 6, i.e. 64QAM, which is inconsistent with the originally configured 16QAM, it should be wrong. As per the agreed simulation assumptions and WF[1~2], RAN4 agreed to set different MCS which leads to the code rate nearest to the target coding rate for different slot/subslot TTI. But even we agree to set different MCS, we think the corresponding modulation order should be same, for subslot-TTI#1 and 5, 
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= 17,  we suggest to use the closet 
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with modulation order 16QAM, i.e. 
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= 15 with MCS = 16. 
Proposal 1: Use MCS 16 for subslot-TTI#1 and 5 to keep the same modulation order and closet code rate as much as possible as other subslot-TTI.
2.1.2.1 Four antenna ports
Table 2.1.2.1-1: Fixed Reference Channel for slot-PDSCH with CRS-based transmission with four CRS antenna ports
	
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	16QAM

	Number of symbol for PDCCH (CFI)
	
	2

	Target coding rate
	
	1/2

	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
	
	

	   Slot TTI index 0
	Bits
	4776

	   Slot TTI index 1
	bits
	5992

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

	   Slot TTI index 0
	Bits
	5736

	   Slot TTI index 1
	bits
	6968

	Binary channel bits per slot TTI
	
	

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	

	    Slot TTI index 0
	Bits
	9184

	    Slot TTI index 1
	Bits
	11552

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

	    Slot TTI index 0
	Bits
	11200

	    Slot TTI index 1
	Bits
	14144

	Note 1: 2 symbols allocated to PDCCH.

Note 2: sPDCCH configuration: CRS-based sPDCCH with localized transmission, 1 OFDM symbol per RB set, 2 sCCE allocated with 4 sREG per 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. 
Note 4: Per CW per layer


2.2   DMRS-based sPDSCH

2.2.1   Subslot TTI
As per the WF [2], we can get the following DMRS pattern with NZP CSI-RS configuration 0:
         [image: image11.png]STTH2 sTTH3 sTTH4  STTHS

STTR1

STTO0

3 4 5 6 0 1 2 3 4 5 6

2



[image: image12.png]CRS
NZP CSIRS




Figure 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:
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 1

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	QPSK

	Number of symbol for PDCCH (CFI)
	
	2

	Target coding rate
	
	1/3

	Number of HARQ processes
	
	8

	Maximum number of HARQ transmissions
	
	4

	Information bit payload per subslots TTI
	
	

	 For Sub-Frame 5
	
	N/A

	For Sub-Frame 0
	
	

	   Subslot TTI index 0
	Bits
	N/A 

	   Subslot TTI index 1
	bits
	600

	   Subslot TTI index 2
	Bits
	408

	   Subslot TTI index 3
	Bits
	296

	   Subslot TTI index 4
	bits
	408

	   Subslot TTI index 5
	bits
	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
	472

	   Subslot TTI index 3
	Bits
	376

	   Subslot TTI index 4
	bits
	600

	   Subslot TTI index 5
	bits
	744

	 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
	744

	Binary channel bits per subslot
	
	

	 For Sub-Frame 5
	
	N/A

	For Sub-Frame 0
	
	

	   Subslot TTI index 0
	Bits
	N/A

	   Subslot TTI index 1
	Bits
	1656

	   Subslot TTI index 2
	Bits
	1200

	   Subslot TTI index 3
	Bits
	800

	Subslot TTI index 4
	Bits
	1200

	Subslot TTI index 5
	Bits
	1784

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

	   Subslot TTI index 0
	Bits
	N/A

	   Subslot TTI index 1
	Bits
	2160

	   Subslot TTI index 2
	Bits
	1632

	   Subslot TTI index 3
	Bits
	1088

	Subslot TTI index 4
	Bits
	1632

	Subslot TTI index 5
	Bits
	2288

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

	   Subslot TTI index 0
	Bits
	N/A

	   Subslot TTI index 1
	Bits
	2160

	   Subslot TTI index 2
	Bits
	1360

	   Subslot TTI index 3
	Bits
	1088

	Subslot TTI index 4
	Bits
	1632

	Subslot TTI index 5
	Bits
	2288

	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. 
Note 5: Per CW per layer


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: 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 1

	Bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Modulation
	
	16QAM

	Number of symbol for PDCCH (CFI)
	
	2

	Target coding rate
	
	1/2

	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
	
	

	   Slot TTI index 0
	Bits
	1480

	   Slot TTI index 1
	bits
	1800

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

	   Slot TTI index 0
	Bits
	1384

	   Slot TTI index 1
	bits
	2216

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

	   Slot TTI index 0
	Bits
	1384

	   Slot TTI index 1
	bits
	2216

	Binary channel bits per slot TTI
	
	

	 For Sub-Frame 5
	
	N/A

	 For Sub-Frame 0
	
	

	   Slot TTI index 0
	Bits
	4100

	   Slot TTI index 1
	bits
	5100

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

	   Slot TTI index 0
	Bits
	5000

	   Slot TTI index 1
	Bits
	6360

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

	   Slot TTI index 0
	Bits
	4600

	   Slot TTI index 1
	Bits
	6360

	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. 
Note 4: Per CW per layer


3   Conclusion / Proposals
In this contribution, we shared our calculation about the channel bits and TBS for different sPDSCH cases for better simulation results alignment among companies, and also give our proposals for some open configurations:
Proposal 1: Use MCS 16 for subslot-TTI#1 and 5 to keep the same modulation order and closet code rate as much as possible as other subslot-TTI.
Proposal 2: Dual layer transmission shall be configured for DMRS-based TM9 sPDSCH cases.
Proposal 3: Agreed to use the FRC defined in section 2 for the related simulation assumptions.
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