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1
Introduction
The FDD FRC table used for Cat-M1 REFSENS requirement is given in TS36.101 Table A.3.2-1b [1]. The FDD FRC tables used for Cat-M1 UL requirements are also given in for example TS36.101 Table A.2.2.1.1-1b [1]. In this contribution, we propose new FRC table considering the possible UL/DL scheduling for half-duplex FDD and FDD.  
Table A.3.2-1b Fixed Reference Channel for Receiver Requirements (FDD and HD-FDD) – for CAT-M1

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	4
	4
	4
	4
	4
	4

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
(Note 6)
	
	9
	9
	9
	9
	9
	9

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	256
	256
	256
	328
	328
	328

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	256
	256
	256
	328
	328
	328

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	1
	1
	1
	1
	1
	1

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	912
	1008
	1008
	1104
	1104
	1104

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	912
	1008
	1008
	1104
	1104
	1104

	Max. Throughput averaged over 1 frame 

for FDD
	kbps
	230.4
	230.4
	230.4
	295.2
	295.2
	295.2

	Max. Throughput averaged over 4 frames for HD-FDD
	kbps
	32
	32
	32
	41
	41
	41

	UE DL Category
	
	M1
	M1
	M1
	M1
	M1
	M1

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10MHz channel BW. 3 symbols allocated to PDCCH for 5 MHz and 3 MHz. 4 symbols allocated to PDCCH for 1.4 MHz

Note 2:
Reference signal, Synchronization signals and PBCH allocated as per TS 36.211.

Note 3:
For Sub-Frame 0, the scheduled narrowband avoids the centre of the channel where some REs of the same PRBs are occupied by PBCH and synchronization signals. 

Note 4:
For HD-FDD UE, PDSCH are scheduled at the 2th, 10th, 18th, 26th, and 34th subframes every 40ms. Information bit payload is available if downlink subframe is scheduled. The corresponding M-PDCCH is scheduled at the [0th, 8th, 16th, 24th, and 32th] subframes every 40ms. 

Note 5:
2 resource blocks allocated to M-PDCCH 
Note 6:
Applicable for FDD only


Table A.2.2.1.1-1b Reference Channels for QPSK with full/maximum RB allocation for UE UL category M1

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	6
	6
	6
	6
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size
	Bits
	600
	600
	600
	600
	600
	600

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame (NOTE 1)
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	Bits
	1728
	1728
	1728
	1728
	1728
	1728

	Total symbols per Sub-Frame
	
	864
	864
	864
	864
	864
	864

	UE UL Category
	
	M1
	M1
	M1
	M1
	M1
	M1

	NOTE 1:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit) 

NOTE 2:
For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms. Information bit payload is available if uplink subframe is scheduled.


2
Scheduling pattern for Cat-M1 UE
The current scheduling pattern for Cat-M1 UE reuses the existing UE Cat-0 FRC for HD-FDD. However the difference between UE Cat-M1 and Cat-0 is the cross-subframe scheduling; PDSCH transmission starts 2 BL/CE DL subframe after the last subframe of the MPDCCH transmission. Another difference is Cat-0 UE FRC table sets SF#5 to DTX because SIB1 transmission is assumed in this subframe. For Cat-M1 UE, on the other hand, the SIB1 message dedicated to eMTC UE, i.e., SIB1-BR, is also transmitted in SF#0, #4, and #9 depending on the cell ID, channel bandwidth, and PDSCH repetition number (See Table 1). We think it is enough to consider only 4 repetitions for SIB1-BR in REFSENS FRC because RAN5 usually set higher SNR levels before the REFSENS test starts. Moreover the narrowbands conveying SIB1-BR use the frequency hopping according to the channel bandwidth (See Table 2). Therefore it is better to set the DL transmission to DTX on subframe #4 for eMTC FRC.
Another impact is the PBCH repetition. In order for UE in the extended coverage to decode PBCH, RAN1 introduced the repetition of PBCH. According to TS36.211 [2], the repeated PBCH symbols are transmitted in subframes #0 and #9 in the central 6PRB for FDD except for 1.4MHz channel BW.

   Table 1
Subframe numbers used for SIB1-BR transmission (FDD) [2]. 
	PDSCH repetition for SIB1-BR
	Channel BW
	
[image: image1.wmf]cell

ID

N

 mod 2
	Subframe numbers

	4
	1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz
	0
	4

	
	
	1
	4

	8
	5MHz, 10MHz, 15MHz, 20MHz 
	0
	4

	
	
	1
	9

	16
	5MHz, 10MHz, 15MHz, 20MHz
	0
	4, 9

	
	
	1
	0, 9


Table 2
Number of narrowbands used for SIB1-BR transmission [2]. 
	Channel BW
	Number of available narrowbands
	Number of narrowbands for frequency hopping

	1.4MHz
	1
	1

	3MHz
	2
	2

	5MHz
	4
	2

	10MHz
	8
	2

	15MHz
	12
	4

	20MHz
	16
	4


2.1
5MHz/10MHz/15MHz/20MHz channel bandwidth

2.1.1
Full-duplex FDD scheduling pattern
For channel bandwidth 5MHz or larger, we propose to avoid subframe #4 for DL scheduling in order to avoid colliding with SIB1-BR. However, we think it is possible to schedule DL transmission in SF#0 and #5 because we can select rarrowbands other than the central 6RPB for PBCH/PSS/SSS and PRBs used for LTE SIB1 transmission.

With this assumption we propose to specify the downlink scheduling pattern for REFSENS as illustrated in Figure 1. Since RAN1 keeps the maximum number of HARQ processes to 8 in Rel-13 eMTC but the HARQ round trip time becomes 10ms due to the cross-subframe scheduling, MPDCCH for PDSCH are scheduled in subframes #0, #1, #3, #5, #6, #7, #8, and #9, and the corresponding PDSCH are scheduled in subframes #2, #3, #5, #7, #8, #9, #0, #1. 
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Figure 1
Full-duplex FDD DL transmission scheduling with channel bandwidth 5MHz or more
2.1.2
Half-duplex FDD scheduling pattern
Figure 2 shows our proposal of half-duplex FDD scheduling pattern based on the full-duplex FDD scheduling. Considering the 1ms switching gap between downlink and uplink, we assign the subframes #3 and #7 to the switching gap, and subframes #4, #5, and #6 to the HARQ-ACK transmission on uplink. 
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Figure 2
Half-duplex FDD DL transmission scheduling with channel bandwidth 5MHz or more

2.2
1.4MHz/3MHz channel width case

2.2.1
Full-duplex FDD scheduling pattern
In the case of 1.4MHz/3MHz channel bandwidth, we should avoid subframe #4 for DL scheduling in order to avoid colliding with SIB1-BR. We also think it is better to avoid subframe #0 (PSS/SSS/PBCH), subframe #5 (PSS/SSS/SIB1), and subframe #9 (PBCH) for DL scheduling because these channels/signals are transmitted on the central 6PRB and they will collide with the scheduled MPDCCH/PDSCH. 

The proposed scheduling pattern for 1.4MHz/3MHz is illustrated in Figure 3. Note it is possible to schedule the DL channel in SF#9 in the case of 1.4MHz channel BW, but we don’t propose to schedule because of simplicity.    
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Figure 3
Full-duplex FDD DL transmission scheduling with channel bandwidth 1.4MHz/3MHz.
2.2.2
Half-duplex FDD scheduling pattern
Figure 4 illustrates the case of the half-duplex FDD. In this case we assign the subframes #0 to the switching gap from UL to DL, and the subframes #4 to the switching gap from DL to UL.
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Figure 4
Half-duplex FDD DL transmission scheduling with channel bandwidth 1.4MHz/3MHz. 

3
UL scheduling pattern

This sections discusses the UL scheduling pattern.
3.1
5MHz/10MHz/15MHz/20MHz

3.1.1
Full-duplex FDD
For UL transmission, unlike the DL transmission, PUSCH transmission is scheduled 4 subframes after the MPDCCH transmission and it is same as Rel-8 LTE procedure. However, we do not expect MDPCCH including DCI format 6-0A/6-0B in subframe #4 because of the collision with SIB1-BR transmission. Therefore UL scheduling pattern is give as shown in Figure 5 (10ms periodicity).
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Figure 5
Full-duplex FDD UL transmission scheduling with channel bandwidth 5MHz or more

3.1.2
Half-duplex FDD

Figure 6 shows the UL transmission pattern for Half-duplex FDD. In this figure we can assume 8ms periodicity pattern and set SF#0, SF#1, and SF#2 as DL transmission, SF#4, SF#5, and SF#6 as UL transmission, and SF#3 and SF#7 are set to the switching gaps (8ms periodicity).
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Figure 6
Half-duplex FDD UL transmission scheduling with channel bandwidth 5MHz or more
3.1
1.4MHz/3MHz

3.1.1
Full-duplex FDD

For the channel bandwidth 1.4MHz/3MHz, we cannot expect the DL transmission on SF#0/#4/#5/#9 because of the collision with PSS/SSS/SIB1/SIB1-BR/MIB, as we discussed in section 2. Therefore the possible UL transmission pattern is given in Figure 7 (10ms periodicity).
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Figure 7
Full-duplex FDD UL transmission scheduling with channel bandwidth 1.4MHz/3MHz
3.1.2
Half-duplex FDD

Figure 8 shows the UL transmission pattern applicable for half-duplex FDD with the channel bandwidth 1.4MHz/3MHz. In this figure, we can assume 10ms periodicity pattern and set SF#1, SF#2, and SF#3 as DL transmission, SF#5, SF#6, and SF#7 as UL transmission, and SF#4 and SF#9 are set to the switching gaps.
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Figure 8
Half-duplex FDD UL transmission scheduling with channel bandwidth 1.4MHz/3MHz
4
Conclusion
Considering the discussion above, we propose to modify the REFSENS FRC table as follows. This modification is proposed in CR [3].
Table A.3.2-1b Fixed Reference Channel for Receiver Requirements (FDD and HD-FDD) – for CAT-M1

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	4
	4
	4
	4
	4
	4

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
(Note 6)
	
	2
	2
	8
	8
	8
	8

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	256
	256
	256
	328
	328
	328

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	256
	328
	328
	328

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	1
	1
	1
	1
	1
	1

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	1
	1
	1
	1

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 3,8
	Bits
	912
	1008
	1008
	1104
	1104
	1104

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A
	N/A
	1008
	1104
	1104
	1104

	  For Sub-Frame 4
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 6
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	51.2
	51.2
	204.8
	204.8
	204.8
	204.8

	Max. Throughput averaged over 1 frames for HD-FDD
	kbps
	25.6
	25.6
	76.8
	76.8
	76.8
	76.8

	UE DL Category
	
	M1
	M1
	M1
	M1
	M1
	M1

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10MHz channel BW. 3 symbols allocated to PDCCH for 5 MHz and 3 MHz. 4 symbols allocated to PDCCH for 1.4 MHz

Note 2:
Reference signal, Synchronization signals and PBCH allocated as per TS 36.211. 
Note 3:
The scheduled narrowband other than 1.4MHz and 3MHz channel bandwidth avoids the centre of the channel where some REs of the same PRBs are occupied by PBCH and synchronization signals. 

Note 4:
For HD-FDD UE, PDSCH are scheduled at the [3rd] subframe every 1 radio frame for 1.4MHz and 3MHz channel bandwidth. For other channel bandwidth, PDSCH are scheduled at the [0th, 1st, and 2nd] subframes every 1 radio frame. Information bit payload is available if downlink subframe is scheduled. The corresponding MPDCCH is scheduled at the 2 subframes before the corresponding PDSCH transmission. 

Note 5:
2 resource blocks allocated to MPDCCH 



Table A.2.2.1.1-1b Reference Channels for QPSK with full/maximum RB allocation for UE UL category M1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	6
	6
	6
	6
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size
	Bits
	600
	600
	600
	600
	600
	600

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame (NOTE 1)
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	Bits
	1728
	1728
	1728
	1728
	1728
	1728

	Total symbols per Sub-Frame
	
	864
	864
	864
	864
	864
	864

	UE UL Category
	
	M1
	M1
	M1
	M1
	M1
	M1

	NOTE 1:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit) 

NOTE 2:
For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.
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