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1	Introduction
RAN4 has specified two frequency error requirements for UEs supporting coverage enhancement depending on the continuous uplink transmission of duration. If the duration is less than or equal to 64ms, the required frequency error shall be within +/-0.1ppm regardless of the carrier frequency. However, if the duration is more than 64ms, the required frequency error shall be within +/-0.1ppm for carrier frequency larger than 1GHz and within +/-0.2ppm for carrier frequency is 1GHz or less. According to TS36.213, the maximum repetition number of PUSCH is 32 for CE Mode A UE and is 2,048 for CE Mode B UE. This means the CE Mode B UE has different frequency error requirements depending on the operating band.
RAN5 are going to implement the conformance test procedure for frequency error requirements, but they found the issue the FRC in TS36.101 Table A.2.2.1.1-1b only specifies no repetition case. Therefore, RAN5 asks RAN4 to specify the FRC for Frequency Error requirements for Cat-M1 CE Mode B [1]. In this contribution, we discuss the UL scheduling pattern with repetition.
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
	Q
PSK
	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, and 6th subframes every 10ms 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.




[bookmark: _Ref352176984]2	Discussion
2.1	Number of subframes for PUSCH transmission
[bookmark: _Hlk484704907]In this section, we propose the UL/DL scheduling pattern used for frequency error test for UE supporting coverage enhancement. We should also consider the case UE is capable of ue-CE-NeedULGaps-r13 or not. If UE is capable of ue-CE-NeedULGaps-r13, UE insert 40ms of transmission gap every 256ms of continuous transmission in half-duplex FDD. If not, UE transmit PUSCH continuously without inserting the gap.
For simplicity, we assume all the subframes are set as valid subframes for FDD uplink transmissions for BL UEs.


If UE is not capable of ue-CE-NeedULGaps-r13, the required number of subframes is same as the PUSCH repetition number, , given by DCI format 6-0B. On the other hand, if UE is capable of ue-CE-NeedULGaps-r13, the gap of 40ms is inserted every 256ms. The total number of gap length is given by . 
Example 1: PUSCH repetition number is 128.

Since , total number of subframes for PUSCH is 128.  
Example 2. PUSCH repetition number is 768.
If UE is capable of ue-CE-NeedULGaps-r13, the required total gap length is 40*(ceil(768/256)-1) = 80 and therefore, the total number of subframes for PUSCH including the gap becomes 848 (768+80). 
If UE is not capable of ue-CE-NeedULGaps-r13, the total number of subframes for PUSCH is 768.
 
Observation 1: Total number of subframes for PUSCH is given as follows:

If UE is not capable of ue-CE-NeedULGaps-r13, the required number of subframes .

If UE is capable of ue-CE-NeedULGaps-r13, the required number of subframes for PUSCH is given by.

2.2	Scheduling pattern for UL test
The next step is to consider the UL/DL scheduling pattern. PUSCH transmission is granted with DCI 6-0A/B on MPDCCH. When UE receive DCI 6-0A/B at subframe n, UE should start PUSCH transmission from subframe n+4. According to RAN5 test procedure, we can assume the noiseless environment on downlink and this means BS simulator can transmit MPDCCH without repetition. For the half-duplex FDD case, we should assume the 1ms of guard period to switch between downlink and uplink before and after the PUSCH transmission. Considering these aspects, the UL/DL scheduling pattern is given as Figure 1, where we can assume MPDCCH UE-specific search space is scheduled every subframe, i.e., mpdcch-NumRepetition-r13=1 and mpdcch-StartSF-UESS-r13=1.
[image: ]
[bookmark: _Ref485216504]Figure 1	Transmission schedule of PUSCH with repetition (number of HARQ processes = 2). 

Observation 2: PUSCH transmission can be scheduled every (N+5) subframes, where N is the required number of subframes for PUSCH transmission including the transmission gap. 

3	Proposal for FRC for UL with repetition
Observation 1: Total number of subframes for PUSCH is given as follows:

If UE is not capable of ue-CE-NeedULGaps-r13, the required number of subframes .

If UE is capable of ue-CE-NeedULGaps-r13, the required number of subframes for PUSCH is given by.
Observation 2: PUSCH transmission can be scheduled every (N+5) subframes, where N is the required number of subframes for PUSCH transmission including the transmission gap. 
With these observations, we propose the following FRC for UL with repetition.   
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
	Q
PSK
	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 with , the uplink subframes are scheduled at the 4th, 5th, and 6th subframes every 10ms 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.  is total number of absolute subframes a PUSCH with repetition spans [4].



[bookmark: _GoBack]NOTE 3:   For HD-FDD UE with , MPDCCH are scheduled at 0th DL subframe every N+5 subframes (starting from the 0th subframe). The associated PUSCH is scheduled at the 4th to (N-3)-th UL subframes every N+5 subframes. N is given by  if UE is not capable of ue-CE-NeedULGaps. If UE is capable of ue-CE-NeedULGaps, N is given by . Information bit payload is available if uplink subframe is scheduled.
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