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1
Introduction
RAN4#79 agreed with the FRC for Cat-M1 UE demodulation requirement and it is included in the TS36.101 V13.4.0 [1]. After the review of the latest RAN1/RAN2 agreement and CRs, we found misunderstanding on the DL scheduling. In this contribution we propose to modify the FRC table according to the latest RAN1/RAN2 agreements. 
2
Discussion
2.1
DL scheduling pattern

2.1.1
Issues on the current scheduling assumption
FRC for eMTC PDSCH demodulation requirement with TM6 has been specified in Table A.3.3.2.1-4 in [1]. To introduce the FRC, RAN4 discussed the possible DL pattern for PDSCH reception and we use the pattern in Figure 1 [2] by considering the invalid subframes. 
According to section 7.1.11 in [3], however, the PDSCH transmission is always 2 BL/CE (DL) subframes after the last subframe of MPDCCH, as specified as follows:

	A BL/CE UE shall upon detection of a MPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, adjust the corresponding PDSCH transmission in subframe(s) n+ki with i = 0, 1, …, N-1 according to the MPDCCH, where

-
subframe n is the last subframe in which the MPDCCH is transmitted and is determined from the starting subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and

-
subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE DL subframe(s) where, x=k0<k1<…,kN-1 and the value of 
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 is determined by the repetition number field in the corresponding DCI, where 
[image: image2.wmf]max

,

2

,

1

n

n

n

K

are given in Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively, and subframe n+x is the second BL/CE subframe after subframe n; 


Note that BL/CE subframe(s) refers to either BL/CE DL subframe(s) or BL/CE UL subframe(s) (See 7.1.7.1 in [3]).
RAN4 has also agreed to set RRC parameter fdd-DownlinkOrTddSubframeBitmapLC-r13. According to [4], howeve, this parameter is indicated in mbsfn-SubframeConfigList and this configures the subframes for MBSFN in downlink. Since Cat-M1UE demodulation requirements do not assume MBSFN in our understanding, we cannot use fdd-DownlinkOrTddSubframeBitmapLC-r13. 
	fdd-DownlinkOrTddSubframeBitmapBR

The set of valid subframes for FDD downlink or TDD transmissions, see TS 36.213 [23].

The set of valid subframes is a subset of non-MBSFN subframes indicated in mbsfn-SubframeConfigList . If the field is not present all subframes are considered as valid subframes for FDD downlink transmission and all DL subframes according to the uplink-downlink configuration (see TS 36.211) are considered as valid subframes for TDD DL transmission. If mbsfn-SubframeConfigList is indicated in SystemInformationBlockType2, the field is present.


	mbsfn-SubframeConfigList

Defines the subframes that are reserved for MBSFN in downlink. NOTE 1.
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Figure 1
DL scheduling assumption for FRC R.zz FDD in [1] (Copy from [2]). 
2.1.2
Proposed DL scheduling for FDD/HD-FDD
Considering the 2-subframe MPDCCH-to-PDSCH delay and 4ms delay for HARQ-ACK response, the possible DL scheduling for FDD is shown in Figure 2. In this scheduling, the first 5 subframes are used for DL scheduling, the 6th subframe and 10th subframe are used for switching gap, and the 7th-9th subframes are used for UL transmission. Table 1 is the proposed change for FRC table. 
Proposal 1: Use the FRC as shown in Table 1.

Proposal 2: Remove the RRC parameter ‘fdd-DownlinkOrTddSubframeBitmapLC’ from UE demodulation requirement (Section 8.11.1.1.1.1 in TS36.101) and CQI definition test (Section 9.8.1.1 in TS36.101).
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Figure 2
Proposed DL scheduling pattern for eMTC PDSCH demodulation requirement with TM6 for FDD/HD-FDD. 

Table 1
Proposed FRC table for Cat-M1 PDSCH demodulation requirement with TM6.
	Parameter
	Unit
	Values

	Reference channel
	
	R.zz FDD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks (Note 4)
	
	3

	Allocated DL subframes per Radio Frame (Note 3)
	
	3

	Modulation
	
	16QAM

	Target Coding Rate
	
	1/2

	Information Bit Payload
	
	

	  For Sub-Frames 2,3,4,
	Bits
	744

	  For Sub-Frames 0,1,5,6,7,8,9
	Bits
	N/A

	Number of Code Blocks
	
	

	  For Sub-Frames 2,3,4
	Code blocks
	1

	  For Sub-Frames 0,1,5,6,7,8,9
	Code blocks
	N/A

	Binary Channel Bits
	
	

	  For Sub-Frames 2,3,4 
	Bits
	1584

	  For Sub-Frames 0,1,5,6,7,8,9 
	Bits
	N/A

	Max. Throughput averaged over one frames
	Mbps
	0.223

	UE DL Category
	
	M1, ≥ 0

	Note 1:
2 symbols allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3: 
MPDCCH conveying DL scheduling are scheduled at the 0th, 1st, and 2nd subframe.
Note 4:
Allocated PRB positions for PDSCH are {3, 4, 5} within the assigned narrowband. Allocated PRB positions for MPDCCH are {0, 1} within the assigned narrowband.


2.2
Narrowband setting for Band 31
RAN4 has also discussed the MPDCCH/PDSCH demodulation requirement and UE-selected subband CQI test with frequency hopping. In our contribution [5]

 REF _Ref457997625 \r \h 
[6], it has proposed to set mpdcch-Narrowband to 7 and the number of narrowbands to 4. According to Section 6.2.7 in [7], narrowband allocation is fixed depending on the system bandwidth. Figure 3 illustrate the narrowband allocation for the case of 10 MHz and 5 MHz system bandwidth. 
According to Section 5.5E in [1], Band 31 is considered as UE Category M1 operating band and this band has only 5 MHz system bandwidth. With 5 MHz system bandwidth, it is possible to allocate 4 narrowbands, but NB#1 and NB#2 collide with the PRBs conveying PSS/SSS, PBCH, and SIB1-BR. As we discussed in [5], the MPDCCH/PDSCH is punctured if the resource elements collide with PSS/SSS/PBCH/SIB1-BR. Another issue for 5 MHz system bandwidth scenario is the setting for narrowband position given by mpdcch-Narrowband. Since the number of narrowbands is 4, we cannot set to 7. 
One possible way is to specify mpdcch-Narrowband to
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 is the number of narrowbands. For example, 
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=8 in the case of 10 MHz system bandwidth and 
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=4 in the case of 5 MHz system bandwidth. If we set mpdcch-Narrowband to
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, the used narrowbands for 10 MHz system bandwidth is narrowband #0, #1, #2, and #7. Also for 5 MHz system bandwidth case, the used narrowbands are #0 and #3. 
Although RAN4 test assumes 10 MHz system bandwidth, this arrangement would help RAN5 to reduce their work. 

Proposal 3: Set mpdcch-Narrowband to
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for eMTC demodulation/CQI requirements with frequency hopping enabled. 
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Figure 3
Narrowband allocation for 5 MHz system and 10 MHz system. 
3
Conclusion
Proposal 1: Use the FRC as shown in Table 1.

Proposal 2: Remove the RRC parameter ‘fdd-DownlinkOrTddSubframeBitmapLC’ from UE demodulation requirement (Section 8.11.1.1.1.1 in TS36.101) and CQI definition test (Section 9.8.1.1 in TS36.101).
Proposal 3: Set mpdcch-Narrowband to
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for eMTC demodulation/CQI requirements with frequency hopping enabled. 
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Appendix 

Table A.3.3.2.1-4: Fixed Reference Channel two antenna ports (TS36.101) 
	Parameter
	Unit
	Values

	Reference channel
	
	R.zz FDD

	Channel bandwidth
	MHz
	10

	Allocated resource blocks (Note 4)
	
	3

	Allocated DL subframes per 4 Radio Frames (Note 3)
	
	15

	Modulation
	
	16QAM

	Target Coding Rate
	
	1/2

	Information Bit Payload
	
	

	  For Sub-Frames 0,1,2,3,4,5,6,7,8,9
	Bits
	744

	Number of Code Blocks
	
	

	  For Sub-Frames 0,1,2,3,4,5,6,7,8,9
	Code blocks
	1

	Binary Channel Bits
	
	

	  For Sub-Frames 0,1,2,3,4,5,6,7,8,9 
	Bits
	1584

	Max. Throughput averaged over 4 frames
	Mbps
	0.279

	UE DL Category
	
	M1, ≥ 0

	Note 1:
2 symbols allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3: 
The downlink subframes are scheduled at the 0th, 1st, 2nd, 8th, 9th, 10th, 16th, 17th, 18th, 24th, 25th, 26th, 32nd, 33rd, 34th subframes every 40ms. Information bit payload is available if downlink subframe is scheduled  (starting from 0th subframe). The 3rd-7th, 11th-15th, 19th-23rd, 27th-31st, 35th-36th subframes every 40ms are set as invalid subframe.
Note 4:
Allocated PRB positions for PDSCH are {3, 4, 5} within the assigned narrowband. Allocated PRB positions for MPDCCH are {0, 1} within the assigned narrowband.
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