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1. Introduction
This contribution introduces the text from [1] into TR 36.807 main section as was agreed in RAN 4 Taipei meeting #58.
2. References

[1] R4-110955 MPR for LTE multi cluster transmission, Nokia, Renesas Electronics Europe, Taipei RAN4 #58
Text proposal TR 36.807
********************** Start of text proposal to TR 36.807 Chapter 6.2.3 ***************************
6.2.3.1 MPR for multi cluster allocations

Issues that affect required MPR
As noted in earlier studies defining a MPR scheme for non-contiguous multi-cluster LTE transmission is challenging because there are many dimensions in the signal that affect the required back off. In Figure 6.2.3.1-1 we illustrate some of the parameters that affect the MPR.  The following notation applies:

G = the maximum gap between two adjacent RB clusters

An = the width of the nth cluster allocation 

EL = the distance from the edge of the first cluster to the left hand edge of the first component carrier

ER = the distance from the edge of the last cluster to the right hand edge of the last component carrier
W = the distance from the left hand edge of the first cluster to the right hand edge of the last cluster
In all cases the units are normalised to the total number of RBs in both component carriers and therefore take values from 0 to 1. (The Edge allocations, EL and ER are actually normalised to NRB / 2 such that the final value of E (defined subsequently) will be in the range 0 to 1). 

As examples:

1) An allocation that extended the full width of both component carriers would have a width W=1.  

2) A 15 RB cluster in a 75+75 component carrier configuration would have An = 15 / (75+75) = 0.1.

We further define the following parameters:

A = sum(A1, …, An)  (i.e. the total RB allocation across all clusters).

E = min(EL, ER) (i.e. the minimum distance from the edge of the outside clusters to the edge of the CCs).

B = abs(A1 – AN) (i.e. the difference between the RB allocations of the two edge clusters).

This yields the five key parameters, G, A, E, W and B that can be used to parameterise the backoff.
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Figure 6.2.3.1-1 Parameters affecting MPR
Simulation campaign

During the simulation campaign a large set of allocation scenarios were simulated and appropriate MPR value was searched.  The method used to define these allocations was initially as described in R4-110265; to increase the coverage of the simulations a number of random scenarios were added in each case.  Table 6.3.2.1-1 shows the minimum number of scenarios that were simulated for each component carrier configuration.  In some cases additional simulations for other random configurations were also carried out.  

Table 6.3.2.1-1  Simulation Minimum number of simulation scenarios

	Number of clusters
	2
	3
	4
	5

	CC bandwidths
	
	
	
	

	10MHz+20MHz
	3235
	1819
	1654
	1605

	15MHz+15MHz
	3242
	2048
	2220
	1435

	20MHz+20MHz
	2801
	2894
	1819
	1270


Simulations were carried out using two different PA models, such that the total number of configurations simulated was 110131.

Simulation assumptions were as follows:

· PA operating point REL-8 20 MHz CC UTRAACLR1=33 dBc with Pout = 22 dBm

· Modulator IQ – image = 28 dB

· Modulator carrier leakage = 28 dBc

· Modulator C_IM3 = 60 dBc

Note that the modulator IQ leakage and carrier leakage have been modified to 28 dBc; this is because the in-band mask limits for carrier and image breakthrough are both 25dBc, which led to most simulations providing marginal failures on the in-band mask with the earlier simulation assumption of 25 dBc (e.g. R4-10104335, R4-110265).

PA operating point was set so that for one fully allocated (100RB) carrier (LTE Rel-8 carrier) the reported UTRAACLR1 level was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101. Backoff and MPR values are referred to this PA operating point.
In-band mask definition

As yet, the in-band mask has not been defined for aggregated carriers; however in order to have something to benchmark the performance of the MPR rules, an initial definition of in-band was assumed.  This definition is overly-complex in order to provide something that is coherent with the Release-8 in-band mask definition.  It is not proposed that this definition be used in the RF specification for LTE.  

The definition for the mask is as given in 6.2.3.1-1.  
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	Any non-allocated

	IQ Image
	dB
	I = -25
	Image frequencies

	Carrier leakage
	dBc
	C = -25
	Output power > 0 dBm
	Carrier frequency

	
	
	C = -20
	-30 dBm ≤ Output power ≤ 0 dBm
	

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

	Global floor
	dBm
	F=PRB -30dB
	


Table 6.2.3.1-1: Annotated parameters for in-band emission calculation

The major differences are that:

1) The G2 term is now a power sum of the G2,n terms defined for each of the individual clusters.

2) The carrier leakage requirement is relative to the complete allocated RB power. 

3) Depending on the CC bandwidths and the frequency separation, the carrier may appear between two RBs, within one RB or in the gap between CCs.  In the case of a symmetric allocation, the carrier will appear between the CCs.

4) The CC raster for Release 10 is 300kHz (the least common multiple of 15 kHz and 100 kHz).  This is not an exact number of RBs – therefore in carrier aggregation, An RBs on one side of the spectrum may impact on 
An +1 “image” RBs on the other side of the allocation.  Image RBs are therefore defined as any RBs which overlap with the image of allocated RBs.

5) The 
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 term will skip values in the spacing between the CCs and, where the carrier spacing is not an exact number of RBs, it will take non-integer values for RBs that are in the CC that cluster n is not allocated in.

6) One significant advantage of this algorithm is that, in the single CC case, it collapses down to the Rel-8 algorithm.  

A particularly complex example of an in-band mask for 5 clusters can be seen in Figure 6.2.3.1-2, with the limit line shown in red.  The example is for a 10+20 MHz CC configuration, so that the carrier breakthrough region occurs in-band; the increased limit in the image regions can be seen on the right hand side.
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Figure 6.2.3.1-2 In-band mask example
Method to define the MPR

Allocation ratio – previously defined mask
The method proposed in R4-110265 was termed the allocation ratio and is referred in chapter 2.1 as A = sum(A1, AN)  (i.e. the total RB allocation across all clusters) – normalised to the total number of RBs. Figure 6.2.3.1-3 is a recapture from R4-110265 and shows the allocation mask proposed for the backoff.  This original “stepped” mask was proposed to keep the mask definition as simple as possible.  This figure shows data for only two clusters and doesn’t include the in-band mask as a criterion for defining the backoff.
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Figure 6.2.3.1-3 NRB_alloc / NRB_agg vs. MPR

The method proposed in R4-110265 had a one disadvantage which was also pointed out in discussions in RAN4 meeting #57AH Austin.  That was the fact as the mask was optimised to be as simple as possible it meant that there was unnecessary excess backoff allowed for many allocations.  

Note that in the above figure, there are some extreme scenarios that require up to 8dB of backoff for very narrow allocations for the PA2 model.  It was found in the current set of simulations, that the PA2 model required significantly more backoff than the other 2 PAs for a wider range of scenarios.  This PA is a W-CDMA model and is therefore not optimised for LTE signals.  It is therefore not considered representative and this PA has been excluded from the current study.
Allocation ratio – refined mask

In Figure 6.2.3.1-4 there is a proposal for more optimised mask where the limit line is more complicated but allows for lower excess backoff for the various scenarios.  In this and all subsequent figures, the data shown is the aggregate of all simulation scenarios for 2 to 5 clusters and for both PAs.  It also includes the in-band mask.
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Figure 6.2.3.1-4 New allocation ratio mask proposal
Gap ratio

Plotting the same backoff data against the gap ratio, G, defined in earlier Section, yields the profile shown in Figure 6.2.3.1-5.
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Figure 6.2.3.1-5 Gap ratio with possible mask
Edge ratio

Plotting the same data again but versus the edge ratio, E, defined above, yields the profile shown in Figure 6.2.3.1-6.
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Figure 6.2.3.1-6 Edge ratio with possible mask

Balance ratio

Finally, we plot the data against the balance ratio, B, defined in earlier section.
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Figure 6.2.3.1-7 Balance ratio with possible mask
Using a formula to define backoff

Another approach that was tried was to look at directly detemining a set of coefficients for the various ratios that would provide acceptable performance.  The search was for an equation of the form:

MPR = c1 + c2A + c3G + c4W + c5E

where c1 to c5 are fixed coefficients and the A, G, W and E are the parameters defined in earlier section. The minimum and maximum values of the equation were “clipped” to 0dB and 7dB.  The challenge was to find an equation that minimised the excess backoff (i.e. the difference between MPR determined by the above equation and backoff determined through simulation) for the largest number of simulation points.  

A manual search was used initially, but this proved rather challenging so instead a MonteCarlo approach was used with a large number of random coefficients being tried, and the best set of coefficients selected at the end.  

A set of 23,000,000 sets of coefficients was tried with the following equation providing the “best” solution:
One possibility is: MPR = 3 – 6.5A + G + 6W – 1.2E
Note however that this is not a unique solution, a large number of solutions were developed providing very similar results with radically different coefficients.  This indicates that the problem is under-determined.  
Comparison of CDF curves
In order to compare the various approaches and masks, the excess backoff was determined for each data point and for each backoff method/metric and the CDF of this excess backoff was plotted for each method.

The excess backoff is defined as the MPR determined using the chosen metric (i.e. allocation ratio, gap ratio, equation, etc) minus the backoff required derived from the simulation result.

The CDFs are shown in Figure 8.  It can be seen that the best metric is the allocation ratio with the new mask shown in Figure 4, for which around 20% of the points have less than 1.2dB of excess backoff, 50% have less than 2dB of excess backoff and around 70% have less than 3dB of excess backoff.

[image: image10.emf]0 1 2 3 4 5 6 7 8 9 10

0

10

20

30

40

50

60

70

80

90

100

Excess backoff (dB)

% of points not exceeding this value

CDF of excess backoff for various criteria

 

 

allocation ratio, A

gap ratio, G

edge ratio, E

balance ratio, B

equation

old allocation mask


Figure 6.2.3.1-8 CDF of excess backoff for each method/metric

If we further assume that with aggregated carriers, it is unlikely in a practical deployment to use only a few small allocations, it seems reasonable to look at the CDF with allocation ratios of less than 0.1 excluded.  The results for this are shown in Figure 9 and it is clear the proposed allocation ratio mask provides less than 2dB of excess backoff for 60% of the time and less than 3dB of excess backoff  for 70% of the scenarios.
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Figure 6.2.3.1-9 CDF of excess backoff for each method/metric – excluding narrow allocations
Conclusion

Based on a large number of simulation points it is proposed that a single metric be used to determine the required MPR.  The proposed metric is the allocation ratio, written formally as NRB_alloc / NRB_agg. where NRB_alloc has not been specified yet but refers to sum of active (transmitted) RBs when taking into account all clusters. 
The proposed MPR mask is generated by the linear interpolation between the following points:

	A = NRB_alloc / NRB_agg
	0
	0.05
	0.25
	0.4
	1

	Mask limit (dB)
	7.2
	7.2
	4
	3.5
	3


And can be written formally as:
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********************** End of text proposal to TR 36.807 Chapter 6.2.3 ***************************
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