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1    Background 
In this contribution we take a look at the relaxation needed for meeting REFSENS requirements for wider bandwidths in some operating bands, which is still TBD. Bands 8, 11 and 13 are considered in particular. Spurious emission for protection of Public Safety in Band 13 is also briefly discussed.
2    Discussion

2.1    Method for specifying the relaxation for wide bandwidths

The method outlined in [1] has been adopted to characterize the allowed receiver relaxations for REFSENS for the wider E-UTRA bandwidths: while still meeting the REFSENS requirement, one point specifies the uplink PRB allocation that must be supported at full power whereas the other specifies the minimum transmission power that must be sustained at full uplink RB (maximum transmission configuration). However, in a deployment scenario the reference sensitivity limit (for the lowest MCS) is more relevant for a noise limited scenario that could occur at the cell edge with no or negligible inter-cell interference. Assuming a reasonably balanced link budget it is then more likely to that the UE will be transmitting at full power for the large PRB allocations for the bandwidth is large. Hence from an operator perspective it may be more useful to specify the MSR (Maximum Sensitivity Reduction) metric since that will give a better indication (nota bene) of the degradation that can be expected.
There is of course a relation between the MSR and the power back off that must be applied for the second test point above (at maximum configuration), but since the power is lower for the latter the ACLR will be better so the power backoff will be smaller than the MSR. 

The MSR should be specified at maximum power allocation for the supported bandwidth, and the sensitivity is specified for the worst PRB position (channel edge) for the relevant uplink allocation. MSR does not preclude including the method in [1] in addition, but perhaps still redundant since there is a link anyway between the too. 
Note also that full power also means MPR since the E-UTRA and UTRA ACLR requirements must be met and this should be accounted for in the test. 

2.2    Derivation of MSR for some below 1 GHz bands
To look at the sensitivity reduction and the impact of transmitter power ingress into the receiver chain (TX noise) for FDD simulations has been performed with a model of a realistic transmitter front-end including a non-linear PA. The purpose is to calculate the ACLR for the requisite receive channel assuming a certain bandwidth and duplexer separation. Then the duplexer TX to RX loss can be used to find the noise ingress which it then compared to the thermal noise associated with the receiver noise factor (the parameter tested in the REFSENS test). 
MSR numbers are studied for Bands 8, 11 and 13. Turning to the transmitter power we assume that MPR must be applied for the larger PRB allocation also for QPSK. In the simulations the output power has been calibrated such that the worst case ACLR towards an adjacent UTRA carrier is 33 dB when using the maximum allowed power reduction (e.g. 22 dBm = 23 dBm – 1 dB MPR). The impact of the RF filter has not been considered for the UTRA ACLR (but of course for the E-UTRA RX isolation according to duplexer specifications). The IQ imbalance assumed is -27 dB, i.e suppression of image.  

The duplexer isolation will be different for Bands 8, 11 and 13 due to the band arrangements (separation and gap) but here it is assumed that we can use specifications for Band 8. Band 13, for example, will be challenging so this assumption might be somewhat optimistic.  Example data from a duplexer manufacturer is given in Table 1. A duplexer is essentially two bandpass filters with the antenna connector in between. The most relevant parameter for our study is the isolation Tx-Rx @Rx from the transmitter to the receiver, that describes the stop band attenuation supplied by the transmitter bandpass filter in the receive passband. The minimum value is 40-43 dB depending on the configuration, but we assume 45 dB for all the bands above as a typical figure. The receiver insertion loss will also be important for what follows, we assume a 3 dB loss. 
 Table 1: Example data for a Band 8 duplexer
	
	
	Band 8

	Item
	Unit
	f range (MHz)
	Duplexer in PA front end module
	single duplexer

	 
	 
	 
	 
	 
	 

	Operating temperature
	°C
	 
	 
	 -15 to +80°C
	 -15 to +80°C

	 
	 
	 
	 
	 
	 

	Rx characteristics:
	 
	 
	 
	 
	 

	Insertion loss (max)
	dB
	 
	 
	3.8
	3.5

	Insertion loss (typ)
	dB
	 
	 
	2.9
	 

	Insertion loss (min)
	dB
	 
	 
	 
	 

	Attenuations (min):
	 
	 
	 
	 
	 

	CW blocker fr1 (1/2 dpx)
	dB
	903
	910
	
	45

	CW blocker fr2 (1/2 dpx)
	dB
	-
	-
	
	 

	CW blocker fr3 (1/2 dpx)
	dB
	-
	-
	
	 

	CW blocker fr3 (2dpx)
	dB
	835
	870
	
	40

	CW blocker fr3 (Rx-Tx)
	dB
	45
	 
	
	40

	CW blocker fr3 (Rx-Tx)/2
	dB
	22.5
	 
	
	40

	CW blocker fr3 (Rx+Tx)
	dB
	1805
	1875
	
	35

	CW blocker fr3 (Rx+2*Tx)
	dB
	2685
	2790
	
	30

	Tx signal
	dB
	880
	915
	
	45

	Tx char. & isolation:
	 
	 
	 
	 
	 

	insertion loss Tx (max)
	dB
	 
	 
	3.2
	3

	isolation Tx-Rx @TX (min)
	dB
	880
	915
	47
	50

	isolation Tx-Rx @RX(min)
	dB
	925
	960
	40
	43

	isolation Tx-Ant @Rx (min)
	dB
	925
	960
	32
	 


 
Next we show the resulting ACLR values for Band 13, the ACLR in dBc measured over the receiver channel bandwidth. Table 2 shows the results for a 10 MHz channel (thus occupying the entire band) with the PRB allocation at the channel edge facing the receive band. Note that these values would correspond to “ACLR3” and that MPR is applied for Power Class 3 to meet the UTRA ACLR requirements.  
Table 2: Band 13, QPSK, 10 MHz, ACLR in RX band

	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0
	74.6
	72.4
	70.0
	67.7
	63.2
	60.0

	21.0
	78.5
	76.1
	74.0
	71.8
	67.2
	63.8

	20.0
	83.0
	80.7
	78.3
	76.5
	71.8
	67.7

	19.0
	86.3
	84.6
	83.8
	81.7
	76.9
	72.9


To estimate the MSR we compare the TX noise ingress to the noise level associated with the maximum value for the noise factor used to derive the reference sensitivity requirements (assuming a NF 9-12 dB depending on the operating band). Proposed REFSENS values are shown in Table 3 assuming two-port tests, the values in the table should be increased by 3 dB if ports are tested individually.
Table 3: REFSENS assuming two-port diversity tests
	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

	8
	
	
	[-97]
	[-94]
	
	
	FDD

	11
	
	
	[-98]
	[-95]
	[-93.2]
	[-92]
	FDD

	13
	
	
	[-97]
	[-94]
	
	
	FDD


If Fmax is the noise factor assumed for the reference sensitivity the MSR obtained as (linear scale)

(2.1)       
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where Lrx is the receive insertion loss, atx-rx the duplexer isolation, B the bandwidth and  a margin for the TX noise that is already implicit in the REFSENS values above (e.g. 0.5 dB). It is important that all noise sources are referred to the same reference point (the antenna connector), whence the TX noise in the numerator must be multiplied by the RX insertion loss. The relation REFSENS (dBm) is
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Now if we assume a worst case and look at the ports individually and consider the TX/RX port -- the other diversity port only needs a RX filter -- we get the MSR values shown in Table 4. The output power is 22 dBm for QPSK, Lrx = 3 dB, atx-rx = 43 dB to include TX insertion loss for the output power is measured at the antenna port, and SNR = 1 dB for ports tested individually.
Table 4: Maximum Sensitivity Reduction for TX/RX chain
	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

	8
	
	
	
	
	
	
	FDD

	
	
	
	
	0.7 (25 RB)
	
	
	

	
	
	
	
	5.9 (50 RB)
	
	
	

	11
	
	
	
	0.6 (25 RB)
	1.6 (25 RB)
	4.8 (25 RB)
	FDD

	
	
	
	
	5.7 (50 RB)
	6.5 (50 RB)
	8.5 (50 RB)
	

	
	
	
	
	
	11.7 (75 RB)
	20.1 (100 RB)
	

	13
	
	
	
	2.2 (15 RB)
	
	
	

	
	
	
	
	5.0 (25 RB)
	
	
	

	
	
	
	
	13.7 (50 RB)
	
	
	


Looking at e.g. Band 11 for 20 MHz there is a 20 dB sensitivity reduction (and a substantial reduction in range which would not support the argument that the UE TX is necessarily at maximum power at the resulting range). The value for 25 RB for band 8 actually suggests that the margin for TX noise for Band 8 10 MHz sensitivity should be slightly larger assuming that the REFSENS must be met at 25 RB in this case.
But the situation can be improved in practice. A diversity receiver normally has a RX-only branch too and the coupling/isolation from the transmitter on the other TX/RX branch is larger. If the two receiver branches have balanced performance (assumed here with both having better noise factors than Fmax) then the impact of the TX-noise will be smaller for the SNRs on two ports are added (the SNR on the diversity port then better since smaller impact from the TX). This receiver architecture is also reflected in the test models that are used in TS 34.121, see example in Figure 1.
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Figure 1: Connection for single cell tests with Multi-path Fading propagation and UE receive diversity

The MSR in this case can be obtained in a similar way. We look at the degradation of the actual input SNR with and without TX noise ingress for the same given input level. The MSR then shows the necessary increase of the desired signal when excessive TX noise is present. It is assumed that MRC is used so the SNRs at the ports are added.
One additional issue is the internal coupling between the branches during the REFSENS test (conductive so no antenna coupling). Here we assume a conservative 10 dB; the impact of this parameter is at its largest for the wider bandwidths.  
The degradation of actual SNR assuming a given wanted signal and the same minimum performance per branch
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,
where Lcpl = 10 dB is the coupling between the branches (the factor 2 from the sum of the SNR without TX noise). We have also assumed that the insertion loss is the same at both ports. The results are shown in Table 5, a significant improvement.
Table 5: Maximum Sensitivity Reduction for dual-receiver chain

	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

	8
	
	
	
	 
	
	
	FDD

	
	
	
	
	0.2 (25 RB)
	
	
	

	
	
	
	
	2.6 (50 RB)
	
	
	

	11
	
	
	
	0 (25 RB)
	0.6 (25 RB)
	2.1 (25 RB)
	FDD

	
	
	
	
	2.1 (50 RB)
	2.9 (50 RB)
	3.9 (50 RB)
	

	
	
	
	
	
	6.0 (75 RB)
	13.0 (100 RB)
	

	13
	
	
	
	0.9 (15 RB)
	
	
	

	
	
	
	
	2.1 (25 RB)
	
	
	

	
	
	
	
	7.4 (50 RB)
	
	
	


This means that support of e.g. 10 MHz Band 13 appears meaningful, other possible impairments not considered. Furthermore, the MSRs for the wider bandwidths are sensitive to the coupling between the branches, e.g. increasing Lcpl 5 dB means that the MSR for Band 13 50 RB decrease to 4.7 dB.
The analysis above is provisional and more work is needed to specify the numbers, but could nevertheless give an indication of the channel bandwidths that are feasible from a UE desense perspective.
2.3 MSR in the specification 
The MSR could be specified for the maximum transmission configuration with full TX power but taking due account of the MPR that is allowed. The receiver characteristics assume dual-receiver capability and REFSENS is tested in a two-port diversity configuration and one separate TX/RX branch could probably be assumed in most implementations (otherwise more duplexers needed). Thus the MSR could be picked from Table 5, but this is FFS. 
Table 6 shows how a table specifying MSR in Clause 7.3.2 of [2] could look like, the preceding text could read:
“For some operating bands, it is anticipated that the transmitter noise falling in the receive band will be dependant on the channel bandwidth and will degrade the reference sensitivity depending on the operating bandwidth, TX power and FDD or TDD operation Table ‘6’ specifies the maximum allowed sensitivity reduction for the maximum transmission configuration with the transmitter set to maximum output power.”
Table 6: Maximum Sensitivity Reduction
	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
	
	
	
	
	
	
	FDD

	2
	
	
	
	
	
	
	FDD

	3
	
	
	
	
	
	
	FDD

	4
	
	
	
	
	
	
	FDD

	5
	
	
	
	
	
	
	FDD

	6
	
	
	
	
	
	
	FDD

	7
	
	
	
	
	
	
	FDD

	8
	
	
	0
	[2.6]
	
	
	FDD

	9
	
	
	
	
	
	
	FDD

	10
	
	
	
	
	
	
	FDD

	11
	
	
	0
	[2.1]
	[6]
	[13]
	FDD

	12
	
	
	
	
	
	
	

	13
	
	
	
	[7.4]
	
	
	

	14
	
	
	
	
	
	
	

	Note 1:
The transmitter shall be set to maximum output power level with MPR applied as specified in Table [MPR table]



Note that the numbers are provisional and only provided as an example.
2.4 Public Safety near Band 13

Now to a different topic: in Region 2 there is a Public Safety (PS) downlink band in the duplex gap of Band 13. This must be sufficiently protected. There is a regulatory limit that for a 23 dBm UE implies a spurious emission limit of -35 dBm/6.25 kHz (PS is a narrowband system), but there is also a general clause in FCC Part 27.64 governing harmful interference, see the excerpt in Figure 2. 
There does not appear to be an interference criterion for interference other than the spurious emission limit. One could of course make a general worst-case assumption on interference into a narrowband PS mobile station assuming e.g. 1 dB desense but this would render operation in adjacent band almost impossible. 
Support of wide E-UTRA bandwidths while still meeting the PS spurious emission limit is a concern, but this is necessarily not the most difficult case. We first take a look at the impact of the spurious emission into PS from a 10 MHz uplink E-UTRA channel in Band 13 using the radio front-end and PA model above. The position of the PS band is shown in Figure 3 (Band 13 uplink in 777-787 MHz), so there will be no effect of the duplex filter and the OOB emission will be determined by the E-UTRA aggressor transmitter chain.  
[image: image5.emf]
Figure 2: part 27.64 on protection of interference

[image: image6]
Figure 3: the public safety band close to UE TX in band 13.

Tables 7 and 8 show the resulting spurious emissions into the PS band from a UE with maximum transmission configuration for both QPSK and 16QAM. The worst case is for about 30 RB but small differences.
Table 7: Band 13, QPSK, 10 MHz, max dBm/6.25 kHz in PS band

	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0

	-39.4
	-38.5
	-38.2

	-38.3

	-38.4

	-39.1


	21.0

	-42.6
	-43.3
	-44.1

	-44.3

	-44.2

	-45.2


	20.0

	-46.1
	-47.3
	-48.2

	-48.6

	-48.6

	-49.5


	19.0

	-49.7
	-49.3
	-49.8

	-50.0

	-50.3

	-50.7



Table 8: Band 13, 16QAM, 10 MHz, max dBm/6.25 kHz in PS band
	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	21.0

	-42.2
	-40.8
	-40.2

	-40.7

	-40.8

	-41.4


	20.0

	-45.3
	-44.7
	-44.7

	-45.1

	-45.5

	-46.4


	19.0

	-48.7
	-48.2
	-48.2

	-48.3

	-48.6

	-49.0



Some back-off could be needed to have a margin to the FCC spurious emission considering the general formulations in FCC Part 27.64. However, a single PRB may in fact produce a more difficult case.
Next consider the impact of the image (due to IQ imbalance) which may create a response in the PS band due to mixing with the allocated PRB. If we assume a 23 dBm single PRB at an unfortunate position (e.g. 1.8 MHz from the edge of the transmission configuration) a response that slightly exceeds the FCC limit is produced in the mid part of the PS band. 
3   Conclusions
It is proposed that the relaxation for the reference sensitivity test is specified in terms of MSR since this gives an indication of the characteristics at full transmitter power which is more likely when noise limited. Since the REFSENS tests are carried out using two-port diversity testing, MSR could be specified assuming a dual TX/RX + RX configuration for which the receive-only branch is less sensitive to TX noise. This receiver configuration will make wider bandwidths more feasible considering UE self-interference.
We have also briefly considered spurious emission: for Band 13 an uplink 10 MHz E-UTRA signal does not necessarily represent the worst case for meeting the FCC spurious emission limit for protection of Public Safety. 
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