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1 Introduction
Coexistence studies in 3GPP has been based on using the

· ACLR to study interference between cellular systems (GERAN, UTRA and E-UTRA)

· spectral emission mask (SEM) to satisfy regulatory requirement, both within an operating band and at its edge

The E-UTRA SEM is simplified to account for different bandwidths, and is more relaxed than the ACLR (not like for UTRA with its single bandwidth per carrier).  In regulatory forums, however, the SEM is still used for assessing harmful interference between services. Adopting the 3GPP approach also for Rel-10 it is essential that the ACLR can be used to study coexistence between
1. E-UTRA Rel-10 (CA) and E-UTRA Rel-8/9

2. E-UTRA Rel-10 and E-UTRA Rel-10 

3. E-UTRA Rel-10 and UTRA/GERAN
The second scenario obviously requires an operating band with a large passband, perhaps more likely for 3.5 GHz and higher. The first and last are more likely; the ACLR definition should allow coexistence studies for these scenarios if the 3GPP approach is to be continued. 
The SEM should still be governed by the regulatory requirement and the general mask should cover as many regions as possible. It appears that the current way forward [1] could serve this purpose. There will be regional differences, e.g. if the UTRA mask is applied in Region 1 also for the UE, but these regional differences can be handled by network signaling.
In this contribution we first consider the power back-off needed to meet the SEM as agreed in [1] and study the impact of the carrier spacing. The latter is spurred by results presented in [2] that suggest that the Rel-8/9 spacing could be chosen as nominal for carrier aggregation. The Rel-8 spacing will be the worst case for UE unwanted emissions and can then cover all cases, but the difference to the minimum is not large. We then turn to the EUTRA ACLR, a more laborious exercise, and propose definitions suitable for coexistence studies for the scenarios 1-3 above.
2 Spectral emission mask and the carrier spacing
First we look at the SEM as agreed in the way forward [1]. The allowed power back-off for a certain allocation across two CC(s) should be specified for a certain carrier spacing. In [2] it is shown that the Rel-8 carrier spacing (300 kHz grid compatible) may be chosen by operators for reasons of maintaining the same selectivity as for Rel-8 for legacy UE(s). In terms of UE unwanted emission, it turns out that the difference between the Rel-8 and the minimum spacing (tight packing) is marginal according to the extensive study in [3]. 
Below we give some further examples of the power back-off needed using a different PA model than that used in [3]. Figure 1 shows the emission spectra for two fully allocated 20 MHz CC for Rel-8 spacing (rounded down to the nearest 300 kHz) and the minimum spacing (tight packing). For the PA, we assume a LO leakage and IQ image rejection according to the Rel-8 minimum performance and with the mixer non-linearity a -60 dBc (counter IM3) at full power setting, hence the same linearity as for Rel-8. The total output power is 22 dBm; we observe that the spectrum mask is violated for any spacing but the difference between Rel-8 and the minimum spacing is marginal. In this and all other spectrum plots below, the resolution bandwidth is finer than the unit dBm/MHz on the abscissa suggests: this in order to show the details while using a common measurement bandwidth for regulatory requirements.
[image: image10.bmp]
Figure 1: emission spectrum for two fully allocated 20 MHz CC at 22 dBm total output power.
The corresponding results for 21.5 dBm are shown in Figure 2: the emission spectrum is now on the verge of meeting the mask. A 2 dB back-off is needed to meet the mask for two fully allocated 20 MHz carriers as shown in Figure 3. The difference between Rel-8 and minimum spacing is still marginal.
[image: image2.png]PSD [dBm / 1 MHz]

10

N

b0 40 a0 0 0 0 10 o 30 40 &0
Frequency [MHz]





Figure 2: emission spectrum for two fully allocated 20 MHz CC at 22 dBm total output power.
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Figure 3: emission spectrum for two fully allocated 20 MHz CC at 22 dBm total output power.

The ACLR for the three output power levels are shown in Table 1. We show both ACLR1 and ACLR2 for E-UTRA defined with a square filter of bandwidth equal to the CC transmission bandwidth (18 MHz here) for the adjacent channels and the total aggregated bandwidth for the assigned channel (e.g. 36 MHz for minimum spacing).  The UTRA ACLR is measured with RRC filters. 

From the results in Table 1 we note that 1.5 dB back-off is needed to meet UTRA_ACLR2 > 36 dB, but a 30 dB EUTRA requirement with the measurement bandwidth of both the adjacent and assigned channel equal to the aggregated bandwidth requires 2 dB back-off and would thus be dimensioning in this case. 
Table 1: ACLR for two fully allocated 20 MHz carriers
	Output power [dBm]
	UTRA_ACLR1

[dBc]
	 UTRA_ACLR2

[dBc]
	EUTRA_ACLR1

[dBc]
	EUTRA_ACLR2

[dBc]

	
	Rel-8 spacing (300kHz grid)

	22
	33.7
	34.6
	28.4
	34.7

	21.5
	36.2
	37.1
	30.9
	36.4

	21
	38.6
	39.5
	33.3
	38.0

	
	Minimum spacing

	22
	33.7
	34.7
	28.6
	35.7

	21.5
	36.1
	37.1
	31.0
	37.4

	21
	38.7
	39.7
	33.5
	38.8


We note that the difference between UTRA ACLR1 and ACLR2 is quite small since the OOB emission characteristics have a slow roll-off next to the assigned channels. For coexistence with legacy systems it could be beneficial to define ACLR1 and ACLR2 also for E-UTRA, the difference is more than 5 dB for the cases in Table 1. This brings us to the next topic: possible definitions of ACLR for E-UTRA. 

3 The definition of EUTRA ACLR
The definition of the EUTRA is more complicated with due account for all the scenarios 1-3 for coexistence listed in Section 1. The ACLR requirement should also be met for partial allocation in each CC. We consider discontinuous transmission across CC(s), but contiguous within each CC. Intermodulation products then also appear within the aggregated bandwidth which motivates another look at in-band emissions.

3.1 Defining ACLR1 and ACLR2

Using ACLR for coexistence studies can in fact be problematic already for Rel-8 if the aggressor and victim bandwidths are different: the ACLR minimum requirements for coexistence studies between EUTRA Rel-8 systems implicitly assumes that the adjacent aggressor and victim systems are of the same bandwidth. One example is the case in which the aggressor bandwidth is twice as large as twice as that of the victim; this scenario is shown in Figure 4. Strictly, ACLR1 and ACLR2 over the measurement bandwidths BW/2 would be needed. Scaling of the available requirement over BW provides an approximate answer unless the difference between the power within the first and second adjacent channel of bandwidth BW/2 is too large.

[image: image4]
Figure 4: the definition of EUTRAACLR and interference from a wider into a narrower bandwidth system.
The use of the EUTRA spectrum mask for the same exercise would allow for scaling with the bandwidth, but the mask is coarser and is used for the purpose of satisfying different regulatory requirements. 
The above scenario is similar to the case for carrier aggregation of equal bandwidth. One way of defining ACLR for this case is to copy from Rel-8 and use the same measurement bandwidth for the adjacent system as the assigned channels. This corresponds to EUTRAACLR as shown in Figure 5. The relevant coexistence scenario is that in between two REl-10 system of the same aggregated bandwidth. A simple and straightforward definition, but how useful is it?
A more common coexistence scenario in most operating bands would be coexistence between a Rel-10 CA and a legacy EUTRA Rel-8/9 of a lower total bandwidth (Item 2 in Section 1). Figure 5 shows a scenario where a EUTRA Rel-10 aggressor with two CC (red carriers) of the same bandwidth is adjacent to two Rel-8/9 victims with the same said bandwidth. Clearly, an ACLR definition in terms of EUTRAACLR1 and EUTRAACLR2 would be more requisite in order to address the coexistence with the legacy systems rather than EUTRAACLR that accounts for the aggregate unwanted emission across these. The measurement bandwidth for the assigned channels is the aggregate bandwidth (23 dBm at nominal maximum power) like for the results in Table 1, so the ACLR1 and ACLR2 would be dBc metrics. From the results in Table 3 for fully allocated 20 MHz carriers, we observe that there is difference EUTRAACLR1 and EUTRAACLR2 of the order of 5 dB in this case that is likely to be dimensioning (spectral re-growth). Hence there is a merit in defining different requirement for ACLR1 and ACLR2 just as for UTRA in order to improve the accuracy of coexistence studies. It would be rather obvious to require
EUTRAACLR1 > 30 dB,
so that legacy systems are not exposed to more interference from a Rel-10 network with CA than another legacy EUTRA network.

[image: image5]
Figure 5: the definition of EUTRA and interference from a Rel-10 aggressor into legacy victims.
The definition of EUTRAACLR1 and EUTRAACLR2 is straightforward when the bandwidths of all carriers are the same. If not, we have a similar problem as that displayed Figure 4 for EUTRA Rel-8. Figure 6 shows that case in which two CC(s) of different bandwidths are aggregated. One way could be to define the measurement bandwidth for ACLR1 and ACLR2 as that of the outermost carrier, while still measuring the assigned channel across the aggregated bandwidth as suggested in Figure 6. To some extent this would also supply results for victim systems of the same bandwidths as the two CC, at least if these bandwidths are not too different (supposing the worst-case emission spectrum is not too asymmetric).

[image: image6]
Figure 6: defining the ACLR across CC (upper) or across the aggregated bandwidth (lower).
The definition above would be similar to that proposed for the base station [4] (the paired version shown below with changes approved, but same principle for unpaired)
Table 6.6.2.1-1: Base Station ACLR in paired spectrum

	Channel bandwidth of E-UTRA lowest (highest) carrier transmitted BWChannel [MHz] 
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	1.4, 3.0, 5, 10, 15, 20
	BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	
	2 x BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	
	BWChannel /2 + 2.5 MHz
	3.84 Mcps UTRA
	RRC (3.84 Mcps)
	45 dB

	
	BWChannel /2 + 7.5 MHz
	3.84 Mcps UTRA
	RRC (3.84 Mcps)
	45 dB

	NOTE 1:
BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the E-UTRA lowest (highest) carrier transmitted on the assigned channel frequency.

NOTE 2:
The RRC filter shall be equivalent to the transmit pulse shape filter defined in TS 25.104 [6], with a chip rate as defined in this table.


The difference is that the ACLR for the BS MSR is defined with respect to the power of the outermost assigned channel, whereas the above for the UE is with respect to the power of all aggregated carriers (the total UE output power). This would avoid the BS problem with small channel bandwidths at the edge as described in [5]: the definition for the BS is actually not complete, “the ACLR requirements shall be FFS if channel bandwidth of the outermost component carrier < 5MHz”.
Next we look discontinuous transmission across CC(s) with regard to the ACLR definition.
4 Discontinuous allocation across CC(s)
Discontinuous transmission across CC(s), e.g. simultaneous PUCCH on one CC and PUSCH on the other, is more complicated, but the finer granularity of the ACLR1/ACLR2 definition could make it easier to keep track of the emissions and derive and appropriate power back-off to meet these. We assume that the allocations within each CC are contiguous and nominal Rel-8 spacing and 300 kHz compatible (the spacing is of minor importance here)
Figure 7 shows the emissions by simultaneous PUSCH and PUCCH two aggregated 20 MHz CC(s) for varying PUSCH allocations: 100+1 down to 1+1. The total output power is 21 dBm equally split between the CC in order to display the effects for varying allocation of the PUSCH. Note that a 2 dB back-off is needed to meet the SEM (with one intermodulation product for 1+1 on the verge). The ACLR 1 and ACLR2 are measured across the first and second adjacent carriers at ±30 MHz and ±50 MHz with respect to the carrier frequency, respectively. The emission spectrum is obviously asymmetric; Table 2 shows the maximum of EUTRAACLR1 and EUTRAACLR2 for each of the two adjacent 18 MHz measurement bandwidths. Depending on the allocation, the maximum is attained either below or above the assigned channels for a certain offset.
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Figure 7: discontinuous transmission across to 20 MHz CC at different PUSCH allocations.
Table 2: ACLR for discontinuous transmission accross 20 MHz carriers

	Allocation [RB]
	UTRA_ACLR1

[dBc]
	 UTRA_ACLR2

[dBc]
	EUTRA_ACLR1

[dBc]
	EUTRA_ACLR2

[dBc]

	100+1
	38.0
	38.8
	33.1
	42.9

	50+1
	38.8
	37.6
	31.7
	38.7

	20+1
	40.7
	58.8
	32.4
	37.8

	1+1
	34.2
	64.8
	32.8
	38.0


Picking UTRA ACLR1 as an example, the maximum may be either above or below the assigned channel: the maximum ACLR1 decreases with PUSCH with the PSD below the channel for larger allocations, but then jumps to above the assigned channel as the 3rd order intermodulation product for the 1+1 allocation appears right above the assigned channels at +20 MHz w r t the carrier. The variability of ACLR1 and ACLR2 is substantial for the various allocations.
Notice also the intermodulation product that fall in-band (within the aggregated bandwidth), e.g. the 20+1 that is less than 30 dB below the PSD of the allocated 20 RB on the lower CC. The 3rd order nonlinearity is the primary effect. This motivates another look at the requirements for in-band emission with CA. 
5 In-band emission revisited

In [6] it was proposed to verify the in-band emission by allocating a single contiguous RB block in one of the uplink CC(s) and then measure the LO leakage and the image rejection across the aggregated bandwidth. This is the same as for Rel-8 but would not address the 3rd order intermodulation problem above. Hence a complementary test is motivated, the LO leakage and image rejection has to be met anyway for the respective CC(s) and therefore already covered. 
A “two-tone test” could serve the purpose of verifying the suppression of intermodulation in-band. Figure 8 shows the in-band and out-of-band emissions for single RB in each CC of 20 MHz bandwidth at a total output power of 22 dBm. An IM3 product is falling in-band at about +12 MHz offset to the carrier frequency. We note that the plot in Figure 7 represents the in-band emission before FFT, but the effect of the IM3 product will still remain in a the standardised in-band emission measurement.
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Figure 8: in-band emission (before FFT) for one RB in each CC with 40 MHz aggregated bandwidth.
The configuration of the two-tone test is shown in Figure 9. Two single (or small) RB allocations are located symmetrically with respect to the carrier frequency. It is easy then to predict the location of the 3rd order responses. The IQ image would be masked, but the image rejection has to be met by each CC verified separately in order to meet legacy requirement. Hence the two-tone test is a complement: each CC must satisfy the Rel-8 requirements.


[image: image9]
Figure 9: two-tone test to verify IM3 rejection in-band.
6 Proposal

For the ACLR used for coexistence we propose to
· specify ACLR1 and ACLR2 for E-UTRA Rel-10

· set the measurement bandwidth of the assigned channels to the aggregated bandwidth (yields the total UE output power)
· for aggregation of two CC of the same bandwidth, the measurement bandwidth for the first and second adjacent carrier is the CC bandwidth

· for aggregation of two CC of the different bandwidths, the measurement bandwidth for the first and second adjacent carrier above/below is the assigned channels is the bandwidth of the CC above/below the carrier frequency.
Together with UTRA ACLR1 and ACLR2 this would address the coexistence scenarios 1-3 above (except GERAN but narrow band systems are normally less prone if the interference is wideband). These definitions can also be generalised to more than 2 carriers.

The SEM used primarily for regulatory purposes should always be symmetrical w r t carrier frequency.

Secondly, for the in-band emission requirement for CA we propose to verify the
· LO leakage and IQ image rejection in a Rel-8 test per CC (the legacy requirements should be fulfilled per CC for compatibility)

· rejection of intermodulation by a two-tone test with one RB per CC located symmetrically w r t the carrier frequency.
The positions of the IM products can easily be predicted in this test.
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