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1. Introduction

In RAN4 #64, a proposal [1] was presented to define network scheduler rules under which 15 and 20 MHz channelization options in the lower 20 MHz of Band 1 could satisfy coexistence requirements with PHS band.  Several companies requested the opportunity for further studies to verify that the defined rules are sufficient to enable legacy Band 1 devices to comply with the coexistence requirements.  The way forward [2] that companies would provide additional simulation results was agreed.  In this contribution, rather than additional simulation results, measurements are provided to validate the efficacy of the rules.

2. Discussion

Since the Rel-8 E-UTRA specifications, NS_05 mandates a UE emissions requirement of -41 dBm/300 kHz to protect PHS for channels which are separated by at least the channel bandwidth + 4 MHz.  However, the specifications are not complete for channelization options which fall inside this guard band.  In particular, this poses a challenge to the Band 1 operator controlling the lowest 20 MHz of the band, from 1920 - 1940 uplink from deploying LTE in this band and maximizing spectral efficiency.  The proposal in [1] sought to define the technical restrictions whereby this spectrum could be utilized for LTE to enable deployment of a 15 MHz channel in the range 1925 - 1940 MHz uplink (carrier centered at 1932.5 MHz) and a 20 MHz channel in the range 1920 - 1940 MHz uplink (carrier centered at 1930 MHz).  Two scheduler rules were defined to enable this operation


Rule 1
.  The uplink transmission should start at an offset of at least 0.21* LCRB  + 4 MHz from the 1915.7 MHz 
upper boundary of PHS, where LCRB is the transmission bandwidth described in figure 5.6-1 of TS36.101.  


Rule 2a.  For the 15 MHz channel with carrier centered at 1932.5 MHz, uplink RB's should not be allocated to the 
outermost 7 RB's of the channel.


Rule 2b.  For the 20 MHz channel with carrier centered at 1930 MHz, uplink RB's should not be allocated to the 
outermost 24 RB's of the channel.

The second rule is regarding narrowband allocations and was designed in such a way that IQ image folding products and CIM3 products do not land within the PHS band.  This can be verified analytically knowing the extent of IQ image folding products and CIM3 products with respect to the LO frequency.  For 15 MHz as an example, for startRB ≥ 7 and startRB ≤ 67, these products land at or above 1916.3 MHz which is beyond the range of the PHS band.  
Therefore, we focus our attention on the first rule targeting wideband emissions.  The first rule extends and generalizes the definition of the guard band in NS_05 to an allocated bandwidth, rather than to the channel bandwidth.  This generalization ensures that existing Band 1 UE's, designed to comply with this guard band principle, are able to comply with the emissions requirement for wideband allocations.  The second rule addresses narrowband spurious emissions resulting from IQ image folding and CIM3 by disallowing transmissions where these products may fall into the PHS band.  

The purpose of the study in this contribution, as agreed in [2], is to provide further simulations, or measurements, to validate that the rules described above are sufficient for a legacy Band 1 UE to be able to meet the PHS emission requirement.  

Measurement procedure

The intention of this study is to assess the emissions of the worst case UE under the worst case conditions into the PHS band.  This was achieved with the following procedure

1. Identify the worst case waveform with the smallest margin to the emissions requirement,

2. Calibrate the UE to worst case ACLR factoring in 1 dB power control error,

3. Measure PHS emissions at room temperature and at +55 to evaluate worst case emissions,

4. Verify behavior against the existing NS_05 condition.

Worst case waveform

The worst case waveform for wideband allocations is the one which is provided the smallest guard band to PHS.  Rule 1 defines the minimum guard band by specifying the low edge of the uplink allocation for a given allocation length (LCRB).  Equivalently, for a given start RB location and a given allocation length in accordance with Rule 1, a guard band can be computed.  The guard band will always be at least the allocation length in MHz and scaled for 90% spectral occupancy plus 4 MHz.  Because the allocation lengths are stricted to factors of 2, 3, and 5, the actual guard band may exceed this minimum guard band.  In other words, for a given start RB location (implying a given guard band), the allowed allocation length may be rounded down to the nearest valid LCRB value.  The worst case waveforms are those in which very little or no rounding down is applied; that is, the worst case waveforms are those which exhibit exactly the minimum guard band.
For the 15 MHz waveform with carrier frequency at 1932.5 MHz, the worst case waveform was found to be startRB=19.  For this waveform, the maximum allocation length is LCRB =45 to ensure that sufficient guard band exists.  The actual guard band in this case is 11.67 MHz compared to the minimum required guard band of 11.56 MHz (according to Rule 1).  Therefore, the excess guard band is 20 kHz.  For all other waveforms, the excess guard band is larger than this.  Furthermore, this waveform is the worst case in terms of relative guard band as well.  The relative guard band compared to transmission bandwidth is smallest for this case than for all others.  Similarly, for the 20 MHz waveform with carrier frequency at 1930 MHz, the worst case waveform was found to be startRB=35 and LCRB =36 with excess guard band of 40 kHz and also the smallest relative guard band.  

UE calibration

In order to obtain meaningful measurements, the UE must be calibrated in a way to model the worst case.  Therefore, the UE is calibrated to just barely meet the E-UTRA ACLR, UTRA ACLR1, and UTRA ACLR2 specifications at hot temperature where emissions are worst.  Additionally, 1 dB of power control error is included in the calibration.  That is, it is assumed that the maximum output power that the UE produces at the antenna connector is 24 dBm without MPR, rather than 23 dBm since the UE may not be able to perfectly control its output power.  This has an effect of offsetting the calibration factor by 1 dB so that the emissions measured are also increased by 1 dB to truly represent the worst case in the presence of output power control error.

Measurement
Since the measurement is performed on actual UE devices, it is important to isolate the effect of the PA's output from attenuation that might be available from the duplexer.  In general, it is challenging if not practically impossible on a lab   bench without access to volume production test setups to excite the transceiver, PA, and duplexer in a way in which they all display their worst case behavior.  Fortunately, in this case, by measuring the device at hot temperature it is possible to expose its worst case behavior.  At hot temperature for relatively close-in emissions, the negative temperature coefficient of the duplexer suggests that the filter will provide little to no attenuation at 1915.7 MHz.  Simultaneously, at hot temperature, the emissions will be the largest.  For the sake of comparison, measurements were conducted both at room temperature and at hot temperature.  As expected, the measurements at hot temperature showed significantly higher emissions than when taken at room temperature.
Verification
A final step is to verify the test setup and procedure against known waveforms and known requirements.  For example, the worst case UE as described above must pass the existing NS_05 requirement.  If the UE under the worst case condition fails the requirement, then either the test setup is faulty or the UE itself is non-compliant.  If the UE under the worst case condition greatly exceeds the emission requirement, then it is likely that the test setup and procedure is faulty since it is known that the PHS requirement is barely met by UE's in the worst case conditions [3].  Therefore, we include in the measurements a reference waveform applied on the same UE under the same conditions to ensure that it passes the existing NS_05 requirement.  The reference waveform is defined as one of the most challenging waveforms to meet NS_05; that is, a 10 MHz waveform with startRB=0 and LCRB =48 centered at 1934.7 MHz.
Measurement results

In accordance with the measurement procedure described above, we report the results below in Table 1 for two different UE devices denoted A and B.  The emissions measured at 1915.55 MHz were repeated at different times of the day and the results averaged to improve accuracy.

Table 1.  UE measurements of PHS emissions from lower Band 1.

	CBW (MHz)
	Modulation
	StartRB
	LCRB
	Temp (ºC)
	Measured emissions 
(dBm/300 kHz)

	
	
	
	
	
	Device A 
	Device B 

	15
	QPSK
	19
	45
	20
	-44.4
	

	15
	QPSK
	19
	45
	55
	-43.6
	-43.3

	15
	16QAM
	19
	45
	20
	-46.7
	

	15
	16QAM
	19
	45
	55
	-46.3
	-46.8

	15
	QPSK
	9
	36
	20
	-43.7
	-43.7

	15
	QPSK
	9
	36
	55
	-42.6
	-43.1

	20
	QPSK
	35
	36
	20
	-42.5
	-43.4

	20
	QPSK
	35
	36
	55
	-41.5
	-42.2

	20
	QPSK
	28
	30
	[20]
	-45.3
	-47.3

	20
	16QAM
	28
	30
	[20]
	-49.3
	-48.7

	10
	QPSK
	0
	48
	20
	-42.8
	-43.4

	10
	QPSK
	0
	48
	55
	-41.2
	-42.4


It can be that in the worst case conditions, the emissions are all below the -41 dBm/300 kHz required to protect PHS.  The reference waveform also indicates that the UE is just compliant with the existing NS_05 requirement.  These measurements represent the worst case waveforms following the Rule 1 proposed in [1]; therefore, it can be concluded that the rule is sufficient for all waveforms to be able to meet the emission limit.  
3. Conclusion
In this contribution, we have provided measurement results to support the proposal in [1] to allow existing Band 1 devices to operate 15 and 20 MHz channels in the lower portion of Band 1 while meeting PHS emission requirements.  Measurements of the worst case waveforms compliant with the rules proposed in [1] on the worst case UE barely meeting ACLR requirements with 1 dB output power control error indicate that the PHS emission requirement can be satisfied.  We therefore propose to adopt the rules of [1] into the specification to complete the NS_05 definition.
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� The notation for Rule 1 has been corrected from [1] to indicate the length of the allocation as LCRB rather than NRB.
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