3GPP TSG-RAN WG4 Meeting #70
R4-140553
Prague, Czech, 10 - 14 Feb, 2014
Source:
NSN, Nokia Corporation
Title:
REFSENS requirements for low cost MTC
Agenda item:
7.5.2
Document for:
Discussion
1
Introduction
A new low-cost UE category for MTC operation will be specified under the Rel-12 MTC work item, “low cost and enhanced coverage MTC UE for LTE” [1].  The low cost MTC UE, based on the MTC TR report 36.888 [2], shall support these capabilities:
· Single Rx antenna;

· Reduced TBS size with limit of 1000 bits for both DL and UL;

· Reduced PDSCH bandwidth to 6PRB (1.4MHz) in baseband;

· Support of half duplex FDD as well as full duplex FDD and TDD operation.

As discussed in RAN4 #69 meeting [3], one key impact to RAN4 specification of low-cost MTC shall be the sensitivity performance, impacted by 1Rx operation.  Based on the last RAN4 meeting on RF aspects of low-cost MTC [4], this contribution addresses the impact of sensitivity performance, and provides methodology proposals to specify the sensitivity performance for low-cost MTC.

2
Calculation of Sensitivity Performance
LTE DL reference sensitivity performance, as defined in 36.101, is band dependent with diversity (2Rx).  Based on the previous discussion during the Rel-8 specification period, the sensitivity power  
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where 

-174dBm is the noise floor at room temperature,
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 is the operating bandwidth in Hz, 
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 is the Tx/Rx noise figure in dB,
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 is implementation margin in dB, 
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 is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, 
and SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel (RMC), as specified in 36.101.
2.1
Band dependent relaxation
The band-dependent factor 
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at Band-
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 is defined as a further relaxation of the sensitivity performance when the band-dependent duplexer distance is significant greater than the band gap.  As proposed during the Rel-8 specification period, the selection of 
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 shall be dependent on the ratio of duplexer distance over band gap.  
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 is equal to 
0 dB
when duplexer distance/band gap <= 1.5;
1 dB
when 1.5 < duplexer distance/band gap <= 2;
2 dB
when 2 < duplexer distance/band gap <= 4;
3 dB
when duplexer distance/band gap > 4.
For example, for band 8 with B= 5MHz, the duplexer distance /band gap = 4.5.  This yields 
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 with 2Rx, the sensitivity performance of Band 8 with 5MHz shall be derived as -97dBm, as specified in 36.101.
Note that the band dependent factor 
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 only impacts FDD operation, where the relaxation is a further protection from simultaneous UL transmission.  There is no impact to TDD REFSENS.  
For half-duplex FDD and TDD MTC device, it may not need the 
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 relaxation to protect DL against simultaneous UL transmission.  However, the low cost MTC device must support full-duplex FDD operation.  As it may be inefficient to separate half-duplex FDD and full-duplex FDD requirements, the worse case (full-duplex FDD) should be used to specify the performance.  Therefore, the similar band-dependent relaxation approach of Rel-8 should be applied to low-cost MTC as well.
For Band 8 and Band 20, the ratios of duplex distance to band gap are 4.5 and 3.7, respectively.  Therefore, the relaxation of Band 8 and Band 20 will be 
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2.2
1Rx impact

A 1Rx receiver will need 3dB more SNR then a 2Rx diversity receiver under the same channel conditions to achieve similar performance.  Given that the current sensitivity performance of all bands is based on a 2Rx diversity UE receiver, there will be 3 dB relaxations of RENSENS based on the current 36.101 sensitivity specification for a 1Rx receiver, if the same FRC and RMC are applied.
2.3
DL FRC and UL RMC for receiver requirements
For the low cost MTC device, a similar approach for sensitivity specification should be followed.  The band-dependent factor 
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 should be applied for low cost MTC, as well as noise figure, and implementation margin.  The SNR is defined as the SNR point to reach 95% of maximum throughput of the reference measurement channels as specified in 36.101 Annexes.  The sensitivity performance is specified in 7.3.1 of TS 36.101 as

“The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2 …”
The reference measurement channels (RMC) define the UL/DL measurement conditions for testing of receiver characteristics.  These RMC are used to derive operating SNR for the receiver to reach 95% of maximum throughput.  Due to the limited capabilities of low cost MTC devices, these RMC should be revisited to address these limitations, such as reduced TBS size (<1000 bits), and reduced PDSCH bandwidth (6PRB with 1.4MHz).  The low cost MTC device shall use only a subset of these RMC to test the sensitivity performance.
One example of DL fixed reference channel (FRC) can be taken from Table A.3.2-1 of 36.101 with 1.4MHz FDD.  The 6 PRB allocation can be used for low-cost MTC devices, as
Table 1    DL FRC for low-cost MTC device (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	10

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	152

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame

	
	

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

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	1

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	528

	Max. Throughput averaged over 1 frame
	kbps
	341.6


The UL RMC for MTC shall be revisited to address the MTC limitation as well.  One example of UL RMC for REFSENS tests can be defined like this (FDD), by limiting bandwidth to 1.4 MHz.
Table 2    UL RMC for low-cost MTC tests

	Parameter
	Unit
	Value
	Value
	Value
	Value
	Value
	Value

	Channel bandwidth
	MHz
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4

	Allocated resource blocks
	
	1
	2
	3
	4
	5
	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
	
	72
	176
	256
	392
	424
	600

	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
	288
	576
	864
	1152
	1440
	1728

	Total symbols per Sub-Frame
	
	144
	288
	432
	576
	720
	864


3
Specification Impact of Sensitivity Performance
Based on the specification analysis of sensitivity performance, the following 36.101 sections will be updated to include sensitivity requirements for low-cost MTC.

1. Section 7.2 of 36.101: it should be stated that one Rx port will be the baseline for low-cost MTC category.

2. Section 7.3.1 of 36.101: Table 7.3.1-1 and Table 7.3.1-2 of reference sensitivity 
QPSK, should be updated or modified to include the requirements for low-cost MTC UE.  There will be a [3dB] relaxation for 1.4MHz sensitivity.
3. UL RMC Table A.2.2.1.1-1 of 36.101: the RMC should be updated to apply to low-cost MTC category; and the TDD UL RMC Table A.2.3.1.1-1 of 36.101 should be updated to apply to the MTC category.

4. DL FRC of Table A.3.2-1 and Table A.3.2-2 of 36.101: the FRC should be updated to apply to low-cost MTC.  

4. 
Conclusions

This contribution provides a detailed analysis on sensitivity specification for low cost MTC.  Band-dependent relaxation is discussed in the contribution to address Band 8 and Band 20.  Based on the analysis, it is proposed to update these sections of 36.101 to specify the low cost MTC performance:

1. Section 7.2 of 36.101: it should be stated that one Rx port will be the baseline for low-cost MTC category.

2. Section 7.3.1 of 36.101: Table 7.3.1-1 and Table 7.3.1-2 of reference sensitivity QPSK, should be updated or modified to include the requirements for low-cost MTC UE.  There will be a [3dB] relaxation for 1.4MHz sensitivity.

3. UL RMC Table A.2.2.1.1-1 of 36.101: the RMC should be updated to apply to low-cost MTC category; and the TDD UL RMC Table A.2.3.1.1-1 of 36.101 should be updated to apply to the MTC category.

4. DL FRC of Table A.3.2-1 and Table A.3.2-2 of 36.101: the FRC should be updated to apply to low-cost MTC.  
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