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1 Introduction

UL and DL measurement channel for MTC UE were initially discussed in [1][2]. This contribution continues to discuss the principle to generate UL and DL reference measurement channel.

2 Discussion

These capabilities in WID will impact UL and DL reference measurement channel definitions for MTC UE:

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE
The new UL and DL reference measurement channels for MTC UE should take into account the above capabilities.
2.1 UL measurement channel
Regarding the limitation of uplink maximum TBS, the payload size determination is hard to follow the same rule defined in A.2.1.2 and obtained by given a desired coding rate like 1/3. A straightforward way to define the reference measurement channel is as follows:

· For the exiting measurement channel, if the payload size is less than the limitation, the existing measurement channel can be kept unchanged, if the payload size is larger than the limitation, some new instructions could be followed;

· Find a valid TB size as close as but less than the limitation according to section 7.1.7 of TS 36.213 assuming an allocation of NRB resource blocks. If all the TB size for the certain modulation exceeds the limitation at the assumed allocation of NRB resource blocks, the number of allocated resource blocks shall be reduced down to accommodate the TB size limitation. Consequently, full RB allocation for some large channel bandwidth like 10MHz/15MHz/20MHz can not be reached. The maximum RB allocation could be defined for MTC UE;

· With the determined payload size A and the number of allocated resource blocks NRB, the target coding rate can be calculated by this formula:
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Following above rules, Table 1 gives an example reference channels for QPSK with full/maximum RB allocation assuming 1000bits TBS. For the number of allocated RB does not reach the number of full RB, the allocated RBs are contiguous and start from one end of the channel bandwidth.
Table 1 Example of Reference Channels for QPSK with full/maximum RB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	36
	36
	36

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

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/5
	1/8
	1/10
	1/10
	1/10

	Payload size
	Bits
	600
	872
	904
	1000
	1000
	1000

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	Bits
	1728
	4320
	7200
	10368
	10368
	10368

	Total symbols per Sub-Frame
	
	864
	2160
	3600
	5184
	5184
	5184

	UE Category
	
	0
	0
	0
	0
	0
	0


Partial RB allocation for MTC could only consider the RB allocation less than the maximum number. Same instructions could be reused.

2.2 DL measurement channel
Because receiver requirements in section 7 did not consider DL RS boosting at present, it is suggested there is also no need to consider RS boosting for low cost MTC UE. Then the solution of RS boosting in DL coverage extension will not impact DL measurement channel.

Regarding the limitation of downlink maximum TBS and channel bandwidth of 1.4MHz for date channel, some straightforward ways to define the reference measurement channel are proposed as follows:

· For the exiting measurement channel, if the allocated RB number is less than 6 and payload size is less than the limitation, the existing measurement channel can be kept unchanged, like 1.4MHz for QPSK. For other channel bandwidth with RB number larger than 6PRBs, RB number should be reduced down to 6 and the same coding rate could remain, payload size can be determined following the rule defined in A.3.1 in TS 36.101 [3];

· For the reference channel of 64QAM, if the payload size goes beyond the limitation, find a valid TB size as close as and less than the limitation according to section 7.1.7 of TS 36.213 and determine the corresponding RB allocation number. With the determined payload size A and the number of allocated resource blocks NRB, the target coding rate can be calculated by this formula:
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Following the above rules, Table 1 give an example reference channels for QPSK assuming 1000bits TBS. 
Table 1 Example of Fixed Reference Channel for Receiver Requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	6
	6
	6
	6
	6

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	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
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	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
	408
	504
	504
	504
	504
	504

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

	  For Sub-Frame 0 (Note 3)
	Bits
	152
	208
	208
	256
	256
	256

	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
	1368
	1512
	1512
	1656
	1656
	1656

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

	  For Sub-Frame 0 (Note 3)
	Bits
	528
	672
	672
	816
	816
	816

	Max. Throughput averaged over 1 frame
	kbps
	341.6
	424
	424
	428.8
	428.8
	428.8

	UE Category
	
	0
	0
	0
	0
	0
	0

	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, it is assumed the 6PRBs are allocated in the centre of the channel where some REs of the same PRBs are occupied by PBCH and synchronization signals.
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