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1 Background

In this contribution we propose test configurations for EVM and in-band requirements and discuss the actual requirements for eLAA with interlaced transmissions.  
Interlaced transmissions are considered in order to ensure compliance with regulatory requirements on the transmitted PSD, e.g. the maximum limit of +10 dBm/MHz for 5150-5350 MHz, and an expected lower limit of the occupied bandwidth in the European harmonised standard. Proposed patterns for PUSCH are shown in Table 1 and Figure 1 with the assumption of equally spaced RBs. A UE can be allocated up to 10 interlaces (of 10 RB each) across the 20 MHz bandwidth, where 10 interlaces correspond to full allocation.
Table 1: interlaces for PUSCH
	Allocated number of interlaces
	Allocated number of RBs
	Pruned RBs
	Used number of RBs

	1
	10
	0
	10

	2
	20
	0
	20

	3
	30
	0
	30

	4
	40
	0
	40

	5
	50
	0
	50

	6
	60
	0
	60

	7
	70
	6
	64

	8
	80
	0
	80

	9
	90
	0
	90

	10
	100
	0
	100
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Figure 1: interlaces for PUSCH.
From Figure 1 it is apparent that interlaces constitute multi-cluster PUSCH transmission for which there is no specific transmit quality requirements in the current version of 36.101. It could be argued that is it sufficient to verify the in-band emissions in the licensed bands (the Pcell), but there are band dependent contributions so a verification in the unlicensed band is motivated. The problem is that it is difficult to specify general requirements for interlaced transmission. Therefore requirements may have to be restricted to certain interlace pattern much in the same way as the corresponding tests for carrier aggregation is restricted to certain RB allocations.
In what follows we propose test configurations for transmit signal quality and also discuss the time mask for EVM measurements. The results shown are based on simulations using a 2 GHz PA model and QPSK transmission with the intent of showing the feasibility of the test configuration. The actual power levels may be different for a 5 GHz PA. We only consider the case of one UL CC in Band 46.
2 Time ON/OFF mask
The general ON/OFF mask have to be changed to account for the shortened first symbol specified for the eLAA UL allowing for CCA within the first symbol. The EVM for the allocated PRBs is only measured during the ON period. The following is an excerpt from 36.213 on the baseband signal generation in the UL (l = 0 means the first symbol):
For frame structure type 3, if the associated DCI indicates PUSCH starting position other than ‘00’,  
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 is given by clause 8.1. The UE behaviour if 
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A delay tD should be introduced in the ON/OFF mask shown in the Figure 2 below. The delay is conditioned on the PUSCH starting position. The transient period following the CCA is still 20 us, which is shorter than any back-off time but there is a slight risk that another device would consider the channel clear during the power ramping.

The basic EVM evaluation period is one slot, the transient periods are not evaluated. 

Other masks relevant for PUSCH transmission can be modified in a similar way.

[image: image7]
Figure 2: modified general ON/OFF time mask for eLAA UL.
3 Transmit signal quality
3.1 EVM
The current EVM requirements (for allocated RBs) can also be applied for eLAA in Band 46. In principle, the core EVM requirement is not restricted to any particular frequency allocation of the PRBs for the slots in which the requirement is measured (within a CC):
6.5.2.1.1
Minimum requirement

The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

The sub-frames evaluated need not be contiguous, which would not be possible for transmissions in Band 46 since the maximum channel occupancy time MCOT = 6 ms. 

Hence the core requirement also applies to multi-cluster PUSCH transmissions within a CC, and can therefore be extended to interlaced transmissions. 
3.2 In-band emissions

The test configuration and core requirements for in-band emissions should be restricted to specific interlaced patterns such that the in-band mask, the LO suppression and the IQ image can be verified. In practice, the standard in-band emissions for non-CA operation are also restricted, e.g. for LO and IQ image we have “The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs”. For eLAA we propose to use interlace #0 starting at RB#0 and interlace #5 starting at RB#5 (see Figure 1) with 10 RB allocated for verifying IQ image and LO suppression, respectively.
The current test configuration does not cover multi-cluster transmissions so a modification for interlaced transmissions is needed. For interlaced (and any multi-clustered) transmissions significant intermodulation (IM) products may appear in-band. Figure 3 shows a constructed “worst case” (with respect to IM products) in which single QPSK PRBs are allocated symmetrically w r t the carrier frequency such that IM products of several orders are superposed on the carrier frequency (DC) with an assumed perfect LO suppression and IQ-image rejection. The results are measured after the PA (hence pre-FFT). Figure 4 shows the same results but with a PRB (180 kHz) reference bandwidth. We note that the total inter-modulation distortion appearing at the DC is still well below any LO suppression requirement (compare to Figure 7 below), more than 30 dB below the power of a PRB for the 2 GHz PA studied. This indicates that it is sufficient to verify the IQ image and LO suppression also for interlaced transmission. 
.
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Figure 3: order intermodulation products superposed on the DC with 7.5 kHz reference bandwidth
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Figure 4: order intermodulation products supoerposed on the DC with 180 kHz reference bandwidth
Comparing to the case with an IQ image = 25 dB and LO suppression of 25 dBc, Figure 5 shows the emissions after the PA (pre-FFT) for interlace #0. IQ images appear at RB#99 and close to the allocated RBs, we observe that the skirt around the allocated PRB is slightly wider below the RB. The LO coincides with an allocated PRB whence we consider interlace #5 instead (no RB at DC) for the LO measurement.
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Figure 5: in-band emissions after the PA (pre-FFT).

The in-band emission requirement is measured after FFT. Figure 6 shows the resulting in-band emissions for interlace #0, QPSK transmission, an assumed IQ image of 25 dB and an LO suppression of 25 dBc; the reference (measurement) bandwidth is 1 RB. The IQ image of RB#0 can be measured at RB#99. The other IQ images appear close to the allocated PRBs making the skirts around the allocated PRBs slightly wider on the low side. Any possible tolerance in the IQ image measurement due to the spectral flatness requirement has not been considered (only for conformance test requirements).
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Figure 6: in-band emissions for interlace #0 (post-FFT).

The results may be different at 5 GHz, but the current in-band requirements usually allow a large margin whence it appears that the current in-band mask 
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could be reused in between the allocated PRBs. For eLAA and interlace #0, LCRB = 1 and the absolute value of RB ≤ 4 so that the requirement is evaluated in between the allocated RBs. Reusing the mask for 64 QAM and 256 QAM needs further study.
For measuring the LO suppression, interlace #5 can be used . Figure 7 shows the corresponding results for interlace #5 with a 1 RB measurement bandwidth. Note that the LO suppression requirement is measured in dBc. In the simulations a 25 dBc requirement has been assumed in the simulations with a 2 GHz PA; the actual requirement for 5 GHz is TBD.
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Figure 7: in-band emissions for interlace #0 (post-FFT).

4 In the 36.101

The changes for eLAA could look like follows for one CC in Band 46 for the 20 MHz bandwidth. Interlace “0” and interlace “5” are indicated by the respective RIV = 0 and RIV = 5 in the DCI. 
Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For transmissions in Band 46, the applicable frequency is RB#99 with RIV = 0 in the uplink scheduling grant. 
NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs. For transmissions in Band 46, the requirement applies with LCRB = 1 and [image: image15.png]|Ans| < 4



 for any non-allocated RB and RIV = 0 in the uplink scheduling grant.
NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. For transmissions in Band 46, the requirement applies with RIV = 5 in the uplink scheduling grant.
NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


For the 10 MHz bandwidth the mask would apply for [image: image25.png]|Ans| <2



 and the IQ image would be measured at RB#49. 
5 Proposal
Under the assumption that RAN1 specified equally-spaced interlace patterns for PUSCH, it is proposed that

1. EVM core requirements (allocated RBs) are specified for any interlaced transmission according to the present test configuration;
2. minimum requirements for in-band emissions are specified as detailed in sections 3 and 4.
The actual in-band requirements for 64QAM and 256QAM are TBD.
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