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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document captures the analysis and conclusions on the RF and RRM core requirement impacts to the RAN4 specifications that are needed to meet the objectives of the Release 12 Work Item “Low cost & enhanced coverage MTC UE for LTE” (see agreed work item description in [2]) that was started at 3GPP TSG RAN#60.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP Tdoc RP-130848: "New WI: Low cost & enhanced coverage MTC UE for LTE".
[3]
3GPP TR 36.888: "Study on Provision of low-cost MTC UEs based on LTE".

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
UE RF aspects
4.1
Impact to 36.101

In order to consistently capture requirements for low complexity MTC UE’s it is proposed that the following modifications be addressed in TS36.101

i. in the Definitions  section 3.1 of TS36.101, the following definition of an MTC UE is to be added

MTC - A UE supporting a combination of low complexity features defined according to [TS 36.306].

ii.  in Section 4.0 of TS36.101 a table is to be created that identifies which requirements are specific to low complexity MTC UEs and in which sections of TS36.101 the low complexity MTC UE requirements are defined.
iii. in section 7 of TS36.101 the application of the receiver requirement for specific UE category should be clarified.
Some of the capability limitations for low cost MTC UE will impact core RF requirements:

· Limiting maximum TBS of 1000 bits for UL PUSCH and DL unicast transmission on PDSCH
· Support both non-contiguous and contiguous RB scheduling
· Single receiver MTC UE implementations.

· Half-duplex MTC UE implementations
Considering the above capability limitations for low cost MTC UE, some of RF work from UE side is identified as below:

· Regarding maximum TB size of 1000 bits, new reference measurement channel should be specified for both UL and DL. For some channel bandwidth, the transmission bandwidth configuration cannot be reached.
· Reference sensitivity for low cost MTC UE should be specified taking into account single receiver and half-duplex. 

· Other receiver requirements shall be specified according to the new reference sensitivity requirement and 1RX capability.

New UL measurement channel should be defined for UE TX core requirement. The maximum allocated number of RBs for some channel bandwidths is reduced by the TBS limitation and the TX core requirements shall be met with the contiguous RBs located at any place within the transmission bandwidth configuration. This should be noted in the specification. Whether the switching time between DL/UL and UL/DL transmissions for half duplex UE is needed to be specified should be for further study. No other change for UE TX core requirements is foreseen.
The below table summarize the impact of current UE core specification TS 36.101 requirement by requirement:

Table 1 Impact of TS 36.101 due to introduction of MTC UE

	Clause
	Sub-clause
	Requirement

	Transmit power
	UE maximum output power
	No change is foreseen for this requirement on new UL measurement channel.

	
	UE maximum output power for modulation/ channel bandwidth
	No change is foreseen for this requirement on new UL measurement channel.

	
	UE maximum output power with additional requirements
	No change is foreseen for this requirement on new UL measurement channel.

	
	Configured transmit power
	No change is foreseen for this requirement on new UL measurement channel.

	Output power dynamics
	Minimum output power
	No change is foreseen for this requirement on new UL measurement channel.

	
	Transmit OFF power
	No change is foreseen for this requirement on new UL measurement channel.

	
	Transmit ON/OFF time mask
	For half-duplex FDD, how to capture the switching time between DL/UL and UL/DL transmissions needs further study.

	
	Power control
	No change is foreseen for this requirement on new UL measurement channel.

	Transmit signal quality
	Frequency error
	No change is foreseen for this requirement on new UL measurement channel.

	
	EVM
	No change is foreseen for this requirement on new UL measurement channel.

	
	Carrier leakage
	No change is foreseen for this requirement on new UL measurement channel.

	
	In-band emission
	No change is foreseen for this requirement on new UL measurement channel.

	
	EVM equalizer spectrum flatness
	No change is foreseen for this requirement on new UL measurement channel.

	Output RF spectrum emissions
	Occupied bandwidth
	No change is foreseen for this requirement on new UL measurement channel.

	
	SEM
	No change is foreseen for this requirement on new UL measurement channel.

	
	ACLR
	No change is foreseen for this requirement on new UL measurement channel.

	
	Spurious emissions
	No change is foreseen for this requirement on new UL measurement channel.

	Transmit Intermodulation
	No change is foreseen for this requirement on new UL measurement channel.

	Reference sensitivity
	New requirement is needed for 

· Single receiver 

· Half-duplex
on new DL measurement channel due to
· TBS limitation
· 

	Maximum input level
	No change is foreseen for this requirement on new DL measurement channel.

	ACS characteristics
	Further consideration is needed for single RX on new DL measurement channel.

	Blocking/Spurious response/Intermodulation characteristics
	Further consideration is needed for single RX on new DL measurement channel. Desensitization may be changed due to single RX implementation.

	Spurious emissions
	No change is foreseen for this requirement on new DL measurement channel.

	Annex
	UL and DL measurement channel should be specified for MTC UE.


4.2
TBS limitation
UL maximum number of allocated resource blocks for some channel bandwidth shall be reduced by the limitation of maximum 1000 bits TB size of MTC UE, which corresponding to maximum 36 RBs in TS36. 213 section 7.1.7. If the RB number of uplink configuration defined in Table 7.3.1-2 in TS36.101exceed the maximum RB number for new UE category for MTC, the maximum RB number for new UE category shall be adopted as uplink configuration for MTC UE.
For Band 3, Band 8, Band 20, Band 39 and Band 41, the uplink configuration of reference sensitivity is defined as below:
Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	8
	6 
	15
	25 
	25
	
	
	FDD

	20
	
	
	25 
	20
	20
	20
	FDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	41
	
	
	25
	50 
	75 
	100 
	TDD


Uplink RB numbers for Band 8 and Band 20 are less than 25RBs therefore this configuration could be kept unchanged for MTC UE. For Band 3, Band 39 and Band 41, the uplink configuration needs to be modified according to the RB number in new UL measurement channel.

Table 4.2-1: Uplink configuration for reference sensitivity for MTC UE
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	3
	6 
	15 
	25 
	TBD
	TBD
	TBD
	FDD

	8
	6 
	15
	25 
	25
	
	
	FDD

	20
	
	
	25 
	20
	20
	20
	FDD

	39
	
	
	25 
	[36]
	[36]
	[36]
	TDD

	41
	
	
	25
	[36]
	[36]
	[36]
	TDD


4.2.1 UL reference measurement channel for FDD
According to the TBS limitation for UL, new UL measurement channels to verify these TX requirements should be re-defined for MTC.

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 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 4.2.1-1 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


Table 4.2.1-2 Reference Channels for 16-QAM with maximum RB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	5
	5
	5
	5
	5
	5

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

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

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

	Payload size
	Bits
	872
	872
	872
	872
	872
	872

	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
	2880
	2880
	2880
	2880
	2880
	2880

	Total symbols per Sub-Frame
	
	720
	720
	720
	720
	720
	720

	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.

Table 4.2.1-3 Reference Channels for QPSK with partial RB allocation

	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	≥ 0

	
	1.4 - 20
	2
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	≥ 0

	
	1.4 - 20
	3
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	≥ 0

	
	1.4 - 20
	4
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	≥ 0

	
	1.4 - 20
	5
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	≥ 0

	
	3-20
	6
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	≥ 0

	
	3-20
	8
	12
	QPSK
	1/3
	808
	24
	1
	2304
	1152
	≥ 0

	
	3-20
	9
	12
	QPSK
	1/3
	776
	24
	1
	2592
	1296
	≥ 0

	
	3-20
	10
	12
	QPSK
	1/3
	872
	24
	1
	2880
	1440
	≥ 0

	
	3-20
	12
	12
	QPSK
	1/4
	840
	24
	1
	3456
	1728
	0

	
	5-20
	15
	12
	QPSK
	1/5
	872
	24
	1
	4320
	2160
	0

	
	5-20
	16
	12
	QPSK
	1/5
	904
	24
	1
	4608
	2304
	0

	
	5-20
	18
	12
	QPSK
	1/6
	776
	24
	1
	5184
	2592
	0

	
	5-20
	20
	12
	QPSK
	1/6
	872
	24
	1
	5760
	2880
	0

	
	5-20
	24
	12
	QPSK
	1/8
	872
	24
	1
	6912
	3456
	0

	
	10-20
	25
	12
	QPSK
	1/8
	904
	24
	1
	7200
	3600
	0

	
	10-20
	27
	12
	QPSK
	1/8
	968
	24
	1
	7776
	3888
	0

	
	10-20
	30
	12
	QPSK
	1/10
	808
	24
	1
	8640
	4320
	0


Table 4.2.1-4 Reference Channels for 16-QAM with partial RB allocation

	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	16QAM
	3/4
	408
	24
	1
	576
	144
	≥ 0

	
	1.4 - 20
	2
	12
	16QAM
	3/4
	840
	24
	1
	1152
	288
	≥ 0

	
	1.4 - 20
	4
	12
	16QAM
	2/5
	904
	24
	1
	2304
	576
	0


4.2.2 DL reference measurement channel for FDD
According to the TBS limitation of 1000bits, new DL measurement channels to verify receiver requirements should be re-defined for MTC.

In order to keep the same required SNR, the target coding rate for new DL measurement channels is proposed to keep unchanged compare to current fixed reference channel. Then find a valid TB size as close as 1000 bits according to section 7.1.7 of TS 36.213 and the corresponding RB allocation number. 

Following the above rules, Table 4.2.2-1 and Table 4.2.2-2 give a tentative reference channels for maximum input level and other receiver requirements. For the number of allocated RB does not reach the number of full RB, the allocated RBs are contiguous and allocated in the centre of the channel bandwidth.
Table 4.2.2-1 Fixed Reference Channel for Receiver Requirements (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	14
	14
	14
	14
	14

	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
	[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
	408
	1000
	1000
	1000
	1000
	1000

	  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
	840
	840
	904
	904
	904

	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
	3528
	3528
	3864
	3864
	3864

	  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
	2688
	2688
	3024
	3024
	3024

	Max. Throughput averaged over 1 frame
	kbps
	341.6
	884
	884
	890.4
	890.4
	890.4

	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.


Table 4.2.2-2 Fixed Reference Channel for Maximum input level for UE Category 0 (FDD)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	2
	2
	2
	2
	2
	2

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	9
	9
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	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
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1000
	1000
	1000
	1000
	1000
	1000

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

	  For Sub-Frame 0 (Note 3)
	Bits
	N/A
	1000
	1000
	1000
	1000
	1000

	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
	
	1
	1
	1
	1
	1
	1

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

	  For Sub-Frame 0
	
	N/A
	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
	N/A
	1512
	1512
	1656
	1656
	1656

	Max. Throughput averaged over 1 frame
	kbps
	800
	900
	900
	900
	900
	900

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz 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 that the allocated 2PRBs are scheduled on the RBs other than the center 6PRBs as most of the symbols are occupied by PBCH and synchronization signals.


4.2.3 UL reference measurement channel for TDD

TDD UL measurement channel could reuse the generation rule discussed for FDD and based on DL/UL configuration ratio of 2DL:2UL.
Table 4.2.3-1 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]

	Uplink-Downlink Configuration (Note 2)
	
	1
	1
	1
	1
	1
	1

	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
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	Bits
	600
	872
	904
	[1000]
	[1000]
	[1000]

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

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

	  For Sub-Frame 2,3,7,8
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	Bits
	1728
	4320
	7200
	[10368]
	[10368]
	[10368]

	Total symbols per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	
	864
	2160
	3600
	[5184]
	[5184]
	[5184]

	UE Category
	
	0
	0
	0
	0
	0
	0

	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:
As per Table 4.2-2 in TS 36.211


Table 4.2.3-2 Reference Channels for 16-QAM with maximum RB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	5
	5
	5
	5
	5
	5

	Uplink-Downlink Configuration (Note 2)
	
	1
	1
	1
	1
	1
	1

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

	Modulation
	
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

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

	Payload size
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	Bits
	872
	872
	872
	872
	872
	872

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

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

	  For Sub-Frame 2,3,7,8
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	Bits
	2880
	2880
	2880
	2880
	2880
	2880

	Total symbols per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frame 2,3,7,8
	
	720
	720
	720
	720
	720
	720

	UE Category
	
	0
	0
	0
	0
	0
	0

	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:
As per Table 4.2-2 in TS 36.211


Table 4.2.3-3 Reference Channels for QPSK with partial RB allocation
	Parameter
	Ch BW
	Allocated RBs
	UDL Configuration (Note 2)
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size for Sub-Frame 2, 3, 7, 8
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame for Sub-Frame 2, 3, 7, 8
	Total symbols per Sub-Frame for Sub-Frame 2, 3, 7, 8
	UE Category

	Unit
	MHz
	
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	≥ 0

	
	1.4 - 20
	2
	1
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	≥ 0

	
	1.4 - 20
	3
	1
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	≥ 0

	
	1.4 - 20
	4
	1
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	≥ 0

	
	1.4 - 20
	5
	1
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	≥ 0

	
	3-20
	6
	1
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	≥ 0

	
	3-20
	8
	1
	12
	QPSK
	1/3
	808
	24
	1
	2304
	1152
	≥ 0

	
	3-20
	9
	1
	12
	QPSK
	1/3
	776
	24
	1
	2592
	1296
	≥ 0

	
	3-20
	10
	1
	12
	QPSK
	1/3
	872
	24
	1
	2880
	1440
	≥ 0

	
	3-20
	12
	1
	12
	QPSK
	1/4
	840
	24
	1
	3456
	1728
	0

	
	5-20
	15
	1
	12
	QPSK
	1/5
	872
	24
	1
	4320
	2160
	0

	
	5-20
	16
	1
	12
	QPSK
	1/5
	904
	24
	1
	4608
	2304
	0

	
	5-20
	18
	1
	12
	QPSK
	1/6
	776
	24
	1
	5184
	2592
	0

	
	5-20
	20
	1
	12
	QPSK
	1/6
	872
	24
	1
	5760
	2880
	0

	
	5-20
	24
	1
	12
	QPSK
	1/8
	872
	24
	1
	6912
	3456
	0

	
	10-20
	25
	1
	12
	QPSK
	1/8
	904
	24
	1
	7200
	3600
	0

	
	10-20
	27
	1
	12
	QPSK
	1/8
	968
	24
	1
	7776
	3888
	0

	
	10-20
	30
	1
	12
	QPSK
	1/10
	808
	24
	1
	8640
	4320
	0


Table 4.2.3-4 Reference Channels for 16QAM with partial RB allocation
	Parameter
	Ch BW
	Allocated RBs
	UDL Configuration (Note 2)
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size for Sub-Frame 2, 3, 7, 8
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame for Sub-Frame 2, 3, 7, 8
	Total symbols per Sub-Frame for Sub-Frame 2, 3, 7, 8
	UE Category

	Unit
	MHz
	
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	1
	12
	16QAM
	3/4
	408
	24
	1
	576
	144
	≥ 0

	
	1.4 - 20
	2
	
	12
	16QAM
	3/4
	840
	24
	1
	1152
	288
	≥ 0

	
	1.4 - 20
	4
	
	12
	16QAM
	2/5
	904
	24
	1
	2304
	576
	0


4.2.4 DL reference measurement channel for TDD
TDD DL measurement channel could reuse the generation rule discussed for FDD in [2][3] and based on DL/UL configuration ratio of 2DL:2UL.
Table 4.2.4-1 Fixed Reference Channel for Receiver Requirements (TDD)
	Parameter
	Unit
	Value

	Channel Bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	14
	14
	14
	14
	14

	Uplink-Downlink Configuration (Note 5)
	
	1
	1
	1
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	3
	3+2
	3+2
	3+2
	3+2
	3+2

	Number of HARQ Processes
	Processes
	[7]
	[7]
	[7]
	[7]
	[7]
	[7]

	Maximum number of HARQ transmission
	
	1
	1
	1
	1
	1
	1

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Information Bit Payload per Sub-Frame
	Bits
	
	
	
	
	
	

	  For Sub-Frame 4, 9
	
	408
	1000
	1000
	1000
	1000
	1000

	  For Sub-Frame 1, 6
	
	N/A
	872
	872
	872
	872
	872

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

	  For Sub-Frame 0
	
	208
	1000
	1000
	1000
	1000
	1000

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frame 4, 9
	
	1
	1
	1
	1
	1
	1

	  For Sub-Frame 1, 6
	
	N/A
	1
	1
	1
	1
	1

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

	  For Sub-Frame 0
	
	1
	1
	1
	1
	1
	1

	Binary Channel Bits Per Sub-Frame
	Bits
	
	
	
	
	
	

	  For Sub-Frame 4, 9
	
	1368
	3528
	3528
	3864
	3864
	3864

	  For Sub-Frame 1, 6
	
	N/A
	3048
	3048
	3048
	3048
	3048

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

	  For Sub-Frame 0
	
	672
	2832
	2832
	3168
	3168
	3168

	Max. Throughput averaged over 1 frame
	kbps
	102.4
	474.4
	474.4
	474.4
	474.4
	474.4

	UE Category
	
	0
	0
	0
	0
	0
	0

	Note 1:
For normal subframes(0,4,5,9), 2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For special subframe (1&6), only 2 OFDM symbols are allocated to PDCCH for all BWs.

Note 2:
For 1.4MHz, no data shall be scheduled on special subframes(1&6) to avoid problems with insufficient PDCCH performance

Note 3:
Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [4]

Note 4:
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 5:
As per Table 4.2-2 in TS 36.211 [4]


4.3
UE single receive antenna support
4.4
Half Duplex FDD operation
4.4.1 Switching time impact on RF core requirement
For HD-FDD implementation of MTC UE, TX-to-RX and RX-to-TX switching time needs to consider the settling time of the phase lock loop (PLL) in the MTC UE transceiver if only single oscillator is used. Tx-to-Rx and Rx-to-Tx switching time are both agreed to up to 1ms if single oscillator is used.
In TS 36.101, ON/OFF time mask requirement is specified to define the power ramping up and ramping down time. It also affects the TX to RX and RX to TX switching time in TDD and HD-FDD. However, the ON/OFF time mask only verify the time of the power on-off conversion, it can not test whether the oscillator switch its frequency and locked. Therefore, current ON/OFF time mask requirement shall keep unchanged for HD-FDD implementation of MTC UE with single oscillator.

For the settling time of the oscillator, it is hard to test at the antenna connector. Therefore, there is no need to define this settling time in RF core requirement.
4.x
(reserved for potential impacts for coverage enhancement support)
5
Base Station RF aspects

No change for core requirements is foreseen from BS side due to change of the TB size and channel bandwidth for MTC UE. Fixed reference channel for base station RX requirement shall be kept unchanged. Whether PSD boosting for applicable channels/signals will impact BS dynamic range requirement depends on RAN1 decision and need further study.
6
UE RRM aspects
6.1
UE single receive antenna support

6.2
Half Duplex FDD operation

6.3
Reduced TBS Impacts

6.4
Impacts of Reduced DL Channel Bandwidth
6.x
(reserved for potential impacts for coverage enhancement support)
7
Impact to 36.133
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