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1 Background

In this contribution we present preliminary considerations on UE RF transmitter requirements for eLAA UL transmissions in Band 46. We consider the range 5150-5350 MHz, and it is assumed that a single CC (Scell) is allocated in this range in addition to the UL (Pcell) in the licensed band.
2 MPR and unwanted emissions for interlaced PUSCH
The maximum radiated power allowed for the range 5150-5350 MHz is +23 dBm EIRP. For what follows, we assume that the conductive maximum output power in this range is up to +23 dBm. In order to meet the regulatory requirement that the transmitted PSD be less than 10 dBm/MHz (5150-5350 MHz) and an expected lower limit of the occupied bandwidth  in the European harmonised standard exceeding a PRB bandwidth, PUSCH,  PUCCH and SRS will be transmitted in interlaced patterns. The patterns for PUSCH are shown in Table 1 and Figure 1. A UE can be allocated up to 10 interlaces 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 the MPR can be significant in order to meet the standard out-of-band and spurious emissions requirements. However, the MPR for multi-cluster PUSCH within a CC is applicable for an arbitrary number of clusters with any frequency allocation and thus general, whereas there are at least 10 interlaces per combination of patterns and the PSD is lower. It turns out that the MPR needed for the interlaced allocations are of the order of single dB assuming the standard ACLR requirements as we shall see next.
Regarding the MPR, it should be noted that the PSD requirement of 10 dBm/MHz itself necessitates an MPR of up to 3 dB, e.g. for the case one single interlace is transmitted, while the full allocation (all interlaces allocated to a UE) can be transmitted at +23 dBm/20 MHz considering the in-band limit. However, MPR will also be needed to meet the ACLR requirement. 
Next we show indicative results for the MPR based on an assumed EUTRA_ACLR = 30 dBc and a spectrum emission mask in accordance with the European harmonised standard EN 301 893 [1] that applies for RLAN transmissions in the ranges 5150-5350 MHz and 5470-5725 MHz. Note that the PSD requirement is not considered. The SEM was also used for the specification of LAA DL transmission in Rel-13; it is displayed in Figure 2. 
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Figure 2: the spectrum emission mask for RLAN in the ranges 5150-5350 MHz and 5470-5725 MHz.
Figure 3 shows the unwanted emissions for 1 to 10 allocated PUSCH interlaces per UE in one single plot, obtained by using a PA model tailored for the 2 GHz range. Hence the results are only indicative. Comparing to the SEM in Figure 2, it can be seen from the envelope of the graphs in Figure 2 that this mask is just about met. The standard LTE mask is also shown in Figure 3 just for comparison, but would not be sufficient for Band 46 UL operation.
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Figure 3: emissions from 1 to 10 interlaces. The standard LTE mask is also shown for comparison.

The resulting MPR can be inferred from Table 1 for QPSK, 16QAM and 64QAM. Pout is the total output power that can be achieved whilst complying with with EUTRA_ACLR = 30 dBc and the SEM shown in Figure 2; the ACLR is that resulting with power backoff.  It can be observed that an additional 1 dB power backoff is needed for all interlaces and all modulation except for the full allocation for which the standard MPR = 1 dB is sufficient. It is remarked again that these results are only indicative.
Table 1: total output power and resulting ACLR for interlaced PUSCH.
	Number of interlaces
	QPSK
	16QAM
	64QAM

	
	Pout 
[dBm]
	ACLR [dBc]
	Pout 
[dBm]
	ACLR [dBc]
	Pout 
[dBm]
	ACLR [dBc]

	1
	21
	34.1
	21
	32.0
	21
	31.6

	2
	21
	33.9
	21
	31.8
	21
	31.5

	3
	21
	31.9
	21
	30.7
	21
	30.6

	4
	21
	33.8
	21
	31.9
	21
	31.6

	5
	21
	32.1
	21
	30.8
	21
	30.6

	6
	21
	33.7
	21
	31.9
	21
	31.6

	7
	21
	32.1
	21
	30.9
	21
	30.7

	8
	21
	33.7
	21
	31.9
	21
	31.6

	9
	21
	33.7
	21
	31.9
	21
	31.8

	10
	22
	33.3
	22
	30.2
	22
	29.6


The impact of the 10 dBm/MHz PSD restriction has not been accounted for. The MPR needed can be up to 3 dB in order to meet this restriction depending on the number of interlaces allocated to a UE (e.g. for transmission of one interlace for which the output power is limited to +20 dBm). Hence the ACLR does not seem to be dimensioning for some of the interlaced allocations.
PUCCH and SRS are also sent by using interlaced transmissions; the proposed patterns are slightly different.
To sum up, the results herein indicate that the power backoff needed to meet an ACLR requirement of 30 dBc and the SEM in Figure 2 is of the order of 1 dB (in addition to the standard MPR = 1 for 20 MHz and full allocation); compliance with the 10 dBm/MHz PSD requirement requires a larger power backoff for some interlaced allocations.
In practice the total power in the unlicensed band may also be limited by transmissions on the Pcell in the licensed band.
3 UL power control requirement with inter-laced transmissions and LBT
The standard absolute power tolerance requirements are lax, particularly at high output power. For eLAA the same requirement can most likely be adopted without a cost penalty. 
The standard relative power tolerance requirements are also lax. Considering that the interlaced transmissions are always “full bandwidth” then the impact of filter ripple is less. The latter was one of the main reasons for the specification of large margins for the relative requirements during Rel-8, primarily due to (small) allocations that change between the reference and target subframes and are therefore possibly subject to different parts of the filter (front-end) frequency response. An interlaced transmission can be shifted in frequency between subframes but the transmissions are still “full bandwidth” so the impact of the filter frequency response is less. Hence the existing relative power tolerance requirements can be adopted for eLAA.
One particular aspect is the applicability of the relative power control requirements with regard to a transmission gap between the reference and the target subframes. Normally these gaps are created between bursts of UL control and data traffic but, for eLAA a gap can also be created by deferral of channel access due to listen-before-talk (LBT). The existing relative power control requirement applies for a transmission gap of up to 20 ms between the target and the reference subframes. The 20 ms gap length may have to be modified for eLAA due to both LBT in the DL such that the UL SG cannot be sent or/and LBT in the UL. 

4 Transmit signal quality

The transmit signal quality requirements need reconsideration for the eLAA UL with its interlaced transmissions. Again we can make a comparison to multi-clustered PUSCH transmissions within a CC for which the standard transmit quality requirements were not adopted. In principle, the core EVM requirement does 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.

Hence the core requirement also applies to multi-cluster PUSCH transmissions within a CC, and can therefore extended to interlaced transmissions. 
The in-band requirement needs reconsideration for eLAA; the requirements for a single CC are reproduced in the table below. The general mask applies for a block of contiguously allocated PRBs of length LCRB. 
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.

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.

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.

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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 is even, but excluding any allocated RB. 

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.


The extension of the general in-band requirements to interlaced transmission is not obvious. Figure 4 shows the in-band emissions after the PA (but pre-FFT) for transmission of one PUSCH interlace. The IQ image rejection assumed is 25 dB. The emissions post-FFT (as measured in the test) would be slightly lower in between the allocated PRB. A requirement could possibly be specified for one single interlace with the in-band power measured in between the allocated PRBs. 
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Figure 4: in-band emissions after the PA (but pre-FFT).

For the interlaced transmissions the IQ images may fall upon or close to the allocated PRBs, an IQ image rejection requirement may be difficult to verify. In fact, the TX IQ image is more of a base-band performance and it may be sufficient to verify the in-band emissions for the UL in the licensed band. 

The LO leakage could be measured e.g. for a single interlace. 

5 Occupied bandwidth
There is also a regulatory requirement on the occupied bandwidth in [EN], another reason for specifying interlaced transmissions. The current requirement is [80%] (subject to a change to a lower value) of the nominal channel bandwidth (20 MHz). For LTE the occupied bandwidth is defined as:
Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.6.1-1

The total integrated mean power of the transmitted spectrum includes all possible PRB allocations within a CC, which means that the definition above need not be clarified for interlaced transmission: the current requirement will be met.
6 Conclusions

In this contribution we have briefly considered the transmitter requirements for eLAA UL operations with interlaced transmissions in the range 5150-5350 MHz. Carrier aggregation in this range has not been considered. 

For the maximum output power, the results indicate an power backoff needed to meet an ACLR requirement of 30 dBc and the SEM of the current version of the European harmonised standard [1] of the order of 1 dB (in addition to the standard MPR = 1 for 20 MHz and full allocation). However, compliance with the regulatory 10 dBm/MHz PSD requirement requires a power backoff up to 3 dB for some interlaced allocations (irrespective of PA model assumed). 
Regarding the transmit signal quality an EVM requirement is relevant for interlaced emissions, while it appears difficult to define a meaningful in-band emissions requirement. 
For the power control accuracy, the absolute power tolerance can be kept, but it may be relevant to consider the transmission gap allowed for the relative power control accuracy requirements.  

The impact on the time masks has not been considered.
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