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1 Introduction
In 3GPP TSG-RAN WG4 Meeting #76bis, the way forward [1] for the RFSENS for R-13 eMTC is decided with below agreement:
1. The REFSENS value for rel-13 eMTC shall be based on an RX bandwidth corresponding to 6RB (i.e. 1.4MHz) for all applicable system bandwidths. 
2. REFSENS requirement forRe-use 2.5dB REFSENS relaxation for FDD and TDD, due to single RX, for rel-13 eMTC (same as rel-12).
3.  normal coverage mode applies to enhanced coverage mode. 
4. Open issue#1: The impact of 20dBm power class need to be further investigated.
5. Re-use the 1.7dB relaxation due to single RX for HD-FDD used in rel-12 for bands defined for 1.4MHz BW.
6. For bands not defined for 1.4MHz BW calculate REFSENS from 5MHz value -3.5dB (HD-FDD case). 
7. Open issue#2: The condition where UL resource blocks and DL resource blocks are located as close as possible but confined within the transmission bandwidth configuration for the channel bandwidth for UL and DL, respectively need to be investigated further.
8. Include B11 in rel-13 eMTC
Summery on the agreed assumption on RFSENS of R13 CAT-M1 eMTC:

1. Single RX chain 

2. Channel bandwidth 1.4MHz

3. System bandwidth 1.4Mhz, 5MHz, 10MHz, 20MHz
4. Consider the FDD, HD-FDD, TDD band
5. REFSENS in normal coverage mode apply to CE mode also
There are two open issues in above agreement and this paper is to provide some proposal for the above open issues and summery the REFSENS combined with the already agreed numbers.
2 Discussion
The RFSENS is derived using formula [2][3][4]
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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, where 2Rx diversity is used.

 During the LTE Rel-8 specification process, several factors were considered for REFSENS specification: 

i) band dependent relaxation due to FDD duplexer [5]; 

ii) relaxation due to IP2 for narrow band (1.4MHz) [6]; and

iii) Rx front-end nonlinearity [7].  
2.1 20dBm Power class impact on RFSENS

In [8], it is proposing to consider the output power reduction relative to the legacy UE power when evaluating the REFSENS. The main reason to consider this is that for FDD operation, the REFSENS is always tested while the TX is transmitting with maximum output power. This means the TX leakage due to the out of band emission (OOBE) from the Tx signal after supressed by Tx duplex filter will leak to the RX band and increase the noise figure of the receiver.  Below is a calculation to quantify the impact on the noise figure.
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Figure 1: transceiver configuration to evaluate the Tx noise impact on noise figure
Ps is the input signal level to the receiver at antenna port
KT0 is the thermal noise density in receiver band, the S/N at antenna port is 
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Assume the duplex gain is gAnt_Rx from antenna port to Rx port in Figure 1 and 
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defined as tx noise density in receiver band measured at antenna port, the output S/N is
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Where the 
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 is the isolator ouput noise measured at Tx port in receiver band, and the attenuation from duplexer Tx filter is At, the 
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The equivalent noise figure of the duplex is:
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Assume the rest of the receiver noise figure is NF_R, the total receiver noise figure will be 
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Table 1: the receiver noise figure cases with different Tx leakage noise in Rx band
	Case #
	NF_R (dB)
	kT0(mW/Hz)

(T0=290K)
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(dBm/Hz)
	At (dB)
	N_Rx (dB)

	1
	6
	4e-18
	0.5
	-125
	45
	9.77

	2
	6
	4e-18
	0.5
	-128
	45
	9.15

	3
	6
	4e-18
	0.5
	-131
	45
	8.8


Observation-1: If assuming TX output power reduction of 3dB lead to the Tx noise in Rx band reduction of similar amount, there will be improvement in the Receiver noise figure.

Observation-2: The improvement from the above typical value calculation can see there is roughly 0.5 dB improvement on the RFSENS.

Proposal-1:  Option b below is recommended.

a) It is recommended to consider the 0.5dB improvement on the REFSENS due to the 3dB power reduction on the CAT-M device.
b) Since the improvement of REFSENS is small and very implementation depended, it is NOT recommended to tighten REFSENS due to this. 
2.2 Carrier placing configuration within different system bandwidth 
In [8], the concern of the UL&DL carrier placing within different system bandwidth on the REFSENS is illustrated in below picture.
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 Figure 2: Relation of positions for UL and DL resource blocks for reference sensitivity requirements [8]
One extrem case of such carrier arrangement is illustrated in Figure 2 and this arrangement will reduce the duplex distance with one system bandwidth relative to the legacy UL/DL carrier placement definition. Therefore, the duplex distance / band gap need to be investigated for different carrier placement scheme for eMTC.

Table 2: duplex distance / band gap ratio with flexible carrier placement scheme
	LTE band number
	WIDTH OF BAND (MHZ)
	DUPLEX SPACING (MHZ)
	BAND GAP (MHZ)
	Ds/Bg
(baseline)
	(Ds-5)/Bg  (BW=5MHz)
	(Ds-10)/Bg  (BW=10MHz)
	(Ds-20)/Bg  (BW=20MHz)

	1
	60
	190
	130
	1,5
	1,4
	1,4
	1,3

	2
	60
	80
	20
	4,0
	3,8
	3,5
	3,0

	3
	75
	95
	20
	4,8
	4,5
	4,3
	3,8

	4
	45
	400
	355
	1,1
	1,1
	1,1
	1,1

	5
	25
	45
	20
	2,3
	2,0
	1,8
	1,3

	7
	70
	120
	50
	2,4
	2,3
	2,2
	2,0

	8
	35
	45
	10
	4,5
	4,0
	3,5
	2,5

	11
	20
	48
	28
	1,7
	1,5
	1,4
	1,0

	12
	18
	30
	12
	2,5
	2,1
	1,7
	 

	13
	10
	51
	41
	1,2
	1,1
	1,0
	 

	18
	15
	45
	30
	1,5
	1,3
	1,2
	 

	19
	15
	45
	30
	1,5
	1,3
	1,2
	 

	20
	30
	100
	71
	1,4
	1,3
	1,3
	1,1

	21
	15
	48
	33
	1,5
	1,3
	1,2
	 

	26
	35
	45
	10
	4,5
	4,0
	3,5
	2,5

	27
	17
	45
	28
	1,6
	1,4
	1,3
	 

	28
	45
	55
	10
	5,5
	5,0
	4,5
	3,5

	31
	5
	10
	5
	2,0
	1,0
	 
	 


The band-dependent relaxation factor Rb, it is depending on the ratio of duplexer distance to band gap.  Following the approach in Rel-8 [5], the relaxation is determined in Table 3.

Table 3:    Band-dependent relaxation Rb [5]
	duplex distance to band gap
	Rb

	<=1.5
	0

	>1.5
	1

	>2
	2

	>4
	3


Observation-3: The duplex distance to band gap ratio is changed due to flexible carrier placing within the system bandwidth for eMTC device and in general, the REFSENS can be tightened due to less duplex distance to band gap ratio.
proposal-2: Use duplex distance to band gap ratio to evaluate the impact of the reduced duplex spacing on noise figure hence Refsense regarding the different band

proposal-3: Since in general the above evaluated extreme case improve the Rb so the REFSENS can be tightened, but due to REFSENS is evaluated in the worst case scenario where duplex distance is the same with legacy carrier placing, it is recommended NOT to tighten REFSENS for the close placing UL/DL carrier case.  
2.3 Proposed REFSENS for R13 cat M1 in FDD and TDD

Firstly, the 2.5dB relax due to single RX must be considered [1]. It is also proposed in this paper to take the pragmatic approach in [2] which scale the legacy REFSENS in the first available system bandwidth to the CAT M1 UE REFSENS channel bandwidth to keep the other REFSENS factors in (2-1) unchanged. For example, the REFSENS of cat M1 UE scale with factor of 10log10(1.4MHz)-10log10(5MHz) =5.53 dB with a REFSENS in legacy 5MHz. 
proposal-4: Scale the REFSENS of CAT M1 with relative to the legacy REFSENS in first available system channel different band if the first available system channel is not 1.4MHz.
Table 7.3.1x-1A:  Reference sensitivity for UE category [M1] QPSK PREFSENS in FDD/TDD
	Channel bandwidth

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

	1
	
	
	[-103]
	[-103]
	[-103]
	[-103]
	FDD

	2
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	FDD

	3
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	FDD

	4
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	[-102.2]
	FDD

	5
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	
	
	FDD

	6
	
	
	[-103]
	[-103]
	
	
	FDD

	7
	
	
	[-101]
	[-101]
	[-101]
	[-101]
	FDD

	8
	[-99.7]
	[-99.7]
	[-99.7]
	[-99.7]
	
	
	FDD

	11
	
	
	[-103]
	[-103]
	
	
	FDD

	12
	[-99.2]
	[-99.2]
	[-99.2]
	[-99.2]
	
	
	FDD

	13
	
	
	[-100]
	[-100]
	
	
	FDD

	18
	
	
	[-103,7]3
	[-103,7]3
	[-103,7]3
	
	FDD

	19
	
	
	[-103]
	[-103]
	[-103]
	
	FDD

	20
	
	
	[-100]
	[-100]
	[-100]
	[-100]
	FDD

	21
	
	
	[-103]
	[-103]
	[-103]
	
	FDD

	26
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	[-100.2]
	
	FDD

	27
	[-100.7]
	[-100.7]
	[-100.7]
	[-100.7]
	
	
	FDD

	28
	
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	FDD

	31
	[-96.5]
	[-96.5]
	[-96.5]
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	39
	
	
	[-103]
	[-103]
	[-103]
	[-103]
	TDD

	41
	
	
	[-101]
	[-101]
	[-101]
	[-101]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause x.x.x
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:
For a UE that support both Band 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


2.4 Proposed REFSENS for R13 cat M1 in HD-FDD

Considering agreement in [1], the table below is what is proposed for cat M1 UE in HD-FDD duplex mode. The assumption is that scaling factor of 5MHz to 1.4MHz is taking account in point 2 below.
1. Re-use the 1.7dB relaxation due to single RX for HD-FDD used in rel-12 for bands defined for 1.4MHz BW.
2. For bands not defined for 1.4MHz BW calculate REFSENS from 5MHz value -3.5dB (HD-FDD case). 
proposal-5: Follow agreement in [1] and no further change.
Table 7.3.1x-1B:  Reference sensitivity for UE category [M1] QPSK PREFSENS in HD-FDD
	Channel bandwidth

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

	1
	
	
	[-103.5]
	[-103.5]
	[-103.5]
	[-103.5]
	HD-FDD

	2
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	HD-FDD

	3
	[-100]
	[-100]
	[-100]
	[-100]
	[-100]
	[-100]
	HD-FDD

	4
	[-103]
	[-103]
	[-103]
	[-103]
	[-103]
	[-103]
	HD-FDD

	5
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	
	
	HD-FDD

	6
	
	
	[-103.5]
	[-103.5]
	
	
	HD-FDD

	7
	
	
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	HD-FDD

	8
	[-100.5]
	[-100.5]
	[-100.5]
	[-100.5]
	
	
	HD-FDD

	11
	
	
	[-103.5]
	[-103.5]
	
	
	HD-FDD

	12
	[-100]
	[-100]
	[-100]
	[-100]
	
	
	HD-FDD

	13
	
	
	[-100.5]
	[-100.5]
	
	
	HD-FDD

	18
	
	
	[-104.2]3
	[-104.2]3
	[-104.2]3
	
	HD-FDD

	19
	
	
	[-103.5]3
	[-103.5]3
	[-103.5]3
	
	HD-FDD

	20
	
	
	[-100.5]
	[-100.5]
	[-100.5]
	[-100.5]
	HD-FDD

	21
	
	
	[-103,5]
	[-103,5]
	[-103,5]
	
	HD-FDD

	26
	[-101]
	[-101]
	[-101]
	[-101]
	[-101]
	
	HD-FDD

	27
	[-101.5]
	[-101.5]
	[-101.5]
	[-101.5]
	
	
	HD-FDD

	28
	
	[-102]
	[-102]
	[-102]
	[-102]
	[-102]
	HD-FDD

	31
	[-97,3]
	[-97,3]
	[-97,3]
	
	
	
	HD-FDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause x.x.x
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:
For a UE that support both Band 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


2.5 Proposed REFSENS for R14 cat M2 in FDD and TDD

The difference of Cat M2 to M1 is the channel bandwidth, this need to be factored into the Refsens. 
proposal-5: reuse the R13 agreement on cat-M1 which relax the REFSENS with 2.5 dB for single receiver and REFSENS is based on legacy 5MHz channel.

Table 7.3.1E-8:  Reference sensitivity for UE category [M2] QPSK PREFSENS in FDD/TDD
	Channel bandwidth

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

	1
	
	
	[-97,5]
	[-97,5]
	[-97,5]
	[-97,5]
	FDD

	2
	
	
	[-95,5]
	[-95,5]
	[-95,5]
	[-95,5]
	FDD

	3
	
	
	[-94,5]
	[-94,5]
	[-94,5]
	[-94,5]
	FDD

	4
	
	
	[-97,5]
	[-97,5]
	[-97,5]
	[-97,5]
	FDD

	5
	
	
	[-95,5]
	[-95,5]
	
	
	FDD

	6
	
	
	[-97,5]
	[-97,5]
	
	
	

	7
	
	
	[-95,5]
	[-95,5]
	[-95,5]
	[-95,5]
	FDD

	8
	
	
	[-94,5]
	[-94,5]
	
	
	FDD

	11
	
	
	[-97,5]
	[-97,5]
	
	
	

	12
	
	
	[-94,5]
	[-94,5]
	
	
	FDD

	13
	
	
	[-94,5]
	[-94,5]
	
	
	FDD

	18
	
	
	[-98,2]3
	[-98,2]3
	[-98,2]3
	
	FDD

	19
	
	
	[-97,5]
	[-97,5
	[-97,5
	
	FDD

	20
	
	
	[-94,5]
	[-94,5]
	[-94,5]
	[-94,5]
	FDD

	21
	
	
	[-97,5]
	[-97,5]
	[-97,5]
	
	FDD

	26
	
	
	[-95]
	[-95]
	[-95]
	
	FDD

	27
	
	
	[-95,5]
	[-95,5]
	
	
	FDD

	28
	
	
	[-96]
	[-96]
	[-96]
	[-96]
	FDD

	31
	
	
	[-91]
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	39
	
	
	[-97,5]
	[-97,5]
	[-97,5]
	[-97,5]
	TDD

	41
	
	
	[-95,5]
	[-95,5]
	[-95,5]
	[-95,5]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause x.x.x
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:
For a UE that support both Band 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


2.6 Proposed REFSENS for R14 cat M2 in HD-FDD
 Since CAT M2 is 5MHz, REFSENS need to be based from the legacy REFSENS of 5MHz channel.
proposal-6: 
a) Reuse the R13 agreement on HD-FDD which “for bands not defined for 1.4MHz BW calculate REFSENS from 5MHz value -3.5dB (HD-FDD case)” [1]
b) Scale the with bandwidth factor of 10*log10(5MHz/1.4MHz) to account for the bandwidth change from cat M1 to M2.
The overall factor consider the above proposal is -3.5 dB + 10*log10(5/1.4)=2 dB
Table 7.3.1x-1D:  Reference sensitivity for UE category [M2] QPSK PREFSENS in HD-FDD
	Channel bandwidth

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

	1
	
	
	[-98]
	[-98]
	[-98]
	[-98]
	HD-FDD

	2
	
	
	[-96]
	[-96]
	[-96]
	[-96]
	HD-FDD

	3
	
	
	[-95]
	[-95]
	[-95]
	[-95]
	HD-FDD

	4
	
	
	[-98]
	[-98]
	[-98]
	[-98]
	HD-FDD

	5
	
	
	[-96]
	[-96]
	
	
	HD-FDD

	6
	
	
	[-98]
	[-98]
	
	
	HD-FDD

	7
	
	
	[-96]
	[-96]
	[-96]
	[-96]
	HD-FDD

	8
	
	
	[-95]
	[-95]
	
	
	HD-FDD

	11
	
	
	[-98]
	[-98]
	
	
	HD-FDD

	12
	
	
	[-95]
	[-95]
	
	
	HD-FDD

	13
	
	
	[-95]
	[-95]
	
	
	HD-FDD

	18
	
	
	[-98,7]3
	[-98,7]3
	[-98,7]3
	
	HD-FDD

	19
	
	
	[-98]3
	[-98]3
	[-98]3
	
	HD-FDD

	20
	
	
	[-95]
	[-95]
	[-95]
	[-95]
	HD-FDD

	21
	
	
	[-98]
	[-98]
	[-98]
	
	HD-FDD

	26
	
	
	[-95,5]
	[-95,5]
	[-95,5]
	
	HD-FDD

	27
	
	
	[-96]
	[-96]
	
	
	HD-FDD

	28
	
	
	[-96,5]
	[-96,5]
	[-96,5]
	[-96,5]
	HD-FDD

	31
	
	
	[-91,5]
	
	
	
	HD-FDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause x.x.x
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
NOTE 3:
For a UE that support both Band 18/19 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


3 Conclusions

This paper investigates the R13 eMTC REFSENS open issues and propose no tightening for R13 CAT-M1 REFSENS, the REFSENS for both R13 CAT M1 and R14 CAT M2 UE are proposed based on previous agreement.
The following observations and proposal is made for Open issue #1:

Observation-1: If assuming TX output power reduction of 3dB lead to the Tx noise in Rx band reduction of similar amount, there will be improvement in the Receiver noise figure.

Observation-2: The improvement from the assumed typical value calculation can see that there is roughly 0.5 dB improvement on the REFSENS.
Proposal-1:  Option b below is recommended.

a) It is recommended to consider the 0.5dB improvement on the REFSENS due to the 3dB power reduction on the CAT-M device.

b) Since the improvement of REESENS is small and very implementation depended, it is NOT recommended to tighten REFSENS due to this. 

The following observations is made for Open issue #2:

Observation-3: The duplex distance to band gap ratio is changed due to flexible carrier placing within the system bandwidth for eMTC device and in general, the REFSENS can be tightened due to less duplex distance to band gap ratio.

proposal-2: Use duplex distance to band gap ratio to evaluate the impact of the reduced duplex spacing on noise figure hence Refsense regarding the different band

proposal-3: Since in general the above evaluated extreme case improve the Rb so the REFSENS can be tightened, but due to REFSENS is evaluated in the worst case scenario, it is recommended NOT to tighten REFSENS for the close placing UL/DL carrier case.  

Finally, the REFSENS table is updated acc. to the previous agreement and propose:

For R13 cat M1 in FDD and TDD:

proposal-4: Scale the REFSENS of CAT M1 with relative to the legacy REFSENS in first available system channel different band if the first available system channel is not 1.4MHz.

For R13 cat M1 in HDD FDD:

proposal-5: Follow agreement in [1] and no further change.
For R14 cat M2 in FDD and TDD:

proposal-5: reuse the R13 agreement on cat-M1 which relax the REFSENS with 2.5 dB for single receiver and REFSENS is based on legacy 5MHz channel.

For R14 cat M2 in HDD FDD:

proposal-6: 

a) Reuse the R13 agreement on HD-FDD which “for bands not defined for 1.4MHz BW calculate REFSENS from 5MHz value -3.5dB (HD-FDD case)” [1]
b) Scale the with bandwidth factor of 10*log10(5MHz/1.4MHz) to account for the bandwidth change from cat M1 to M2.
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