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1 Background

RAN4 has received an LS from RAN1 [1] in which it is asked  

[…] if they [RAN4] have any significant concerns about RAN1’s working assumption for equally-spaced RBs that might be mitigated by means of unequally-spaced RBs (e.g. based on consideration of power backoff required), and, if so, whether RAN4 would have any significant concerns about unequally-spaced RBs.
The question is related to the spectral peaks produced in the out-of-band region (and possibly in-channel) by interlaced transmissions, and whether or not the emissions produced by equally spaced single RBs (10 RB) can be mitigated by unequally spaced RBs considering the power back-off required for meeting unwanted emissions limits. 
Interlaced transmissions are considered for PUSCH, PUCCH and SRS 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. The equally-spaced interlace patterns considered 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: equally-spaced interlaces for PUSCH.

A random pattern has been proposed in [2]: in this option the distances between the assigned RBs in one interlace may be irregular. This has a potential drawback in terms of higher PAPR but will provide ultimate interference randomization according to [2]. It is also asserted that two RBs of a logical interlace can be physically present within a 1 MHz window, see Figure 2, the power allocation over the adjacent RBs should jointly satisfy the PSD requirement.
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Figure 2: cell-specific random physical RB mapping of logical interlace

The problem of spectral peaks produced by equally spaced PUSCH RB was analyzed in [3]; it was observed that the EUTRA ACLR could be degraded by up to 5 dB for an 8 RB interlaced transmission at +22 dBm output power for a 5 GHz PA meeting the standard ACLR = 30 dBc requirement for a fully allocated 20 MHz LTE signal at the said power (MPR = 1 dB). Indeed, the interlaced transmission is a multi-cluster transmission for which significant MPR is needed also for operation in the licensed bands below 2.7 GHz in order to meet the unwanted emissions requirements.
In this contribution we consider the unwanted (and in-channel) emissions resulting from equally-spaced RBs, unequally-spaced RB and the random pattern shown in Figure 2. The results are based on simulations with a 2 GHz PA but conclusions regarding the fundamental difference between these interlaced transmissions with regard to the unwanted emissions and required power back-off can still be drawn. However, the actual levels would be different for a 5 GHz PA. 
The simulations using the 2 GHz PA indicate that the RAN1 working assumption of equally spaced RBs can be maintained and that the intermodulation problem is not mitigated by unequally spaced patterns from an unwanted emissions and power back-off perspective. To this end, a Reply LS to RAN1 is supplied in [4].
2 Equally-spaced versus randomly mapped RBs

Next we show simulations of interlaced transmissions using a 2 GHz PA model and assuming that the standard EUTRA_ACLR = 30 dBc requirement applies also for Band 46. The PA is configured to meet the ACLR requirement at +22 dBm output power (MPR = 1 dB) for a fully allocated 20 MHz LTE signal. The IQ image is assumed to be 25 dB and the LO suppression 25 dBc. For each interlace the total power is adjusted to meet this ACLR requirement; it turns out that this also implies a certain margin to the spectrum emission mask specified in the European harmonised standard [5] for 5 GHz RLAN.

First it should be noted that the +10 dBm/MHz regulatory PSD limit has not been considered, we only consider compliance with an ACLR requirement and a spectral emission mask. This regulatory limit will in itself necessitate a power back-off of 3 dB.
Figure 3 shows the emissions from ten realisations of the random mapping shown in Figure 2 (red curves) compared that that of an equally spaced pattern (blue curve). Inter-modulation products from different pairs of RBs in an equally-spaced pattern may coincide and thus result in higher spectral peaks, whereas products generated by an unequally spaced pattern are less likely to coincide and result in a “forest of peaks”. However, the ACLR for the random RB mapping is lower for a given output power. Table 2 displays the output powers and corresponding ACLR for the realizations of the random RB mapping; the output power is around 20.5 dBm (MPR = 2.5 dB). The ACLR for the equally spaced pattern is 33.4 dBc at the same output power indicating a smaller back-off necessary for meeting the ACLR requirement. However, the spectral peaks appear higher for the equally spaced RBs (blue curve) that could be more problematic for compliance with a spectrum mask, but this also depends on the reference bandwidth used for measuring the PSD (dBm/Hz is used Figure 3).
Comparing to the results presented in [3] we note that the output power per allocated RB in is 1 dB higher for a given total power since 8 RBs are used instead of 10 RB, which typically leads to larger inter-modulation products generated by the allocated RBs.
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Figure 3: emissions for realisations of random PRB mapping (red curves) and an equally spaced pattern (blue).
Table 2: total output power and resulting ACLR for realisation of a random pattern

	Realisation
	Pout 

[dBm]
	ACLR [dBc]

	1
	20.5
	29.5

	2
	20.4
	29.8

	3
	20.3
	29.9

	4
	20.3
	30.0

	5
	20.3
	30.1

	6
	20.4
	29.7

	7
	20.4
	30.1

	8
	20.4
	29.8

	9
	20.4
	29.6

	10
	20.4
	29.7


A comparison between one realisation of the random PRB mapping and the equally-spaced pattern is shown in Figure 4 to illustrate the spectral behaviour in the unwanted emissions domain. The total output power is 20.5 dBm in both cases.
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Figure 4: emissions for on realisation of random PRB mapping (red) and an equally-spaced pattern (blue).

Considering compliance with spectrum mask, the difference between the two schemes also depends on the reference bandwidth used for the measurement of the unwanted emissions. Measurements of the spectrum mask specified in the harmonized standard [5] and shown in Figure 5 shall be made with a 1 MHz resolution bandwidth implying a requirement with a 1 MHz reference bandwidth, whereas the same RLAN mask in the ITU-R recommendation M.1450 is specified with a 100 kHz reference bandwidth. The spectrum mask to be used for eLAA UL is still to be specified, but the mask in [5] must be met at any rate (see [6] for more details).
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Figure 5: spectrum mask specified in EN 301 893 [5].
PSD results given (measured) with a larger reference bandwidth (resolution bandwidth) means that the traces in Figure 4 will be integrated as shown in Figure 6: 100 kHz (left) and 1 MHz (right). The curves are smoothed out (the two peaks on the right-hand side plot are due to RBs allocated in close proximity). The mask in Figure 5 is also indicated with the reference level set to the maximum PSD in the occupied bandwidth. 
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Figure 6: emissions for on realisation of a random mapping (red curves) and an equally-spaced pattern (blue curves) measured with a 100 kHz (left) and 1 MHz (right) bandwidth.

Hence, for compliance with a spectrum mask with a 100 kHz or 1 MHz reference bandwidth, there appear to be no significant difference between the power back-off necessary that would motivate the use of an unequally-spaced RB.
If more than one equally spaced interlace pattern is transmitted by the same UE, then the pattern may become unequally spaced. Indeed, realizations of the random mapping can also be equally spaced. Most likely, this means that the power back-off for meeting the ACLR and spectrum emission requirement will be specified as an envelope of possible interlace allocations. Figure 7 illustrates a comparison between a joint transmission of interlace #0 and #5 (described in Table 1 and Figure 1) that is equally spaced and that of interlace #0 and #3 that is unequally spaced. The total output power is 20.5 dBm in both cases, while the ACLR is 32.8 dBc and 31.9 dBc for the equally and unequally spaced pattern, respectively. The ACLR is once again higher for the equal spaced RBs, while this also contains slightly higher spectral peaks on the other hand.
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Figure 7: emissions from a joint transmission of interlace #0 and #5 (blue) tand that of interlace #0 and #3 (red) measured with a 100 kHz (left) and 1 MHz (right) bandwidth.

The magnitude of inter-modulation products falling within the occupied bandwidth is considered in [7]; the power of these in-channel products are typically well below the power of the allocated PRBs.
3
Proposal
Simulations based on a 2 GHz PA indicate that the ACLR is lower for randomly mapped RBs compared to equal spaced RBs for a given output power, whereas equally spaced RBs may result in higher spectral peaks in the out-of-band domain. Therefore, necessary power back-off is smaller for equally spaced RBs with regard to the ACLR requirement. For compliance with a spectrum mask with 100 kHz or 1 MHz reference bandwidths, there appear to be no significant difference between the power back-off necessary that would motivate the use of an unequally-spaced RB.

The emission levels would be different with a 5 GHz PA model, but the conclusions regarding the fundamental difference between the interlaced transmissions with regard to the unwanted emissions and required power back-off would not change.
It is proposed to answer RAN1 that RAN4 see no particular issue with equally spaced interlaced patterns as compared to randomly mapped patterns. A reply LS is supplied in [4].
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