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Introduction
The topic of MPR for multi-cluster transmission has been discussed extensively in RAN4 over the past year.  Currently, for intra-band contiguous carrier aggregation with two component carriers, the MPR for multi-cluster transmissions is specified as a function of the allocation ratio only.  An issue with the method is that for many smaller allocations, the allowed MPR is much greater than is actually required. For example, for some small allocations, the allowed MPR is 8.2 dB while the MPR needed for these allocations can be as small as 0 dB.
 
In [1], simulation results were presented indicating that for multi-cluster allocations for which the fifth order intermodulation products do not reach the spurious domain, the MPR needed to meet all emissions requirements is less than or equal to 4 dB.  As a result, it was proposed that for multi-cluster allocations for which the fifth order intermodulation products do not reach the spurious domain, the specification be modified so that the allowed MPR is the minimum of the current value and 4.5 dB.  For allocations for which the fifth order intermodulation products do reach the spurious domain, the allowed MPR would be unchanged from the value currently in the specification.

In this contribution, a subset of the simulation results from [1] are provided again in Section 2, and the proposed modification of the multi-cluster MPR specification from [1] is provided in Section 3.  In Section 4, we estimate the resulting improvement in the cumulative distribution function of the MPR and excess MPR that can be achieved with the modification of the MPR specification proposed, though with some slightly different assumptions concerning the behaviour of the scheduler relative to [3].
Simulation Results
As presented in [1], simulations were performed to determine the MPR required for multi-cluster transmissions with contiguous aggregation of two 20 MHz component carriers.  The center frequency spacing of the two 20 MHz component carriers was 19.8 MHz so that the aggregated channel bandwidth BWChannel_CA is 39.8 MHz. All of the simulation points were generated using two cluster PUSCH transmissions, with one cluster in each component carrier.  The modulation used in the simulations was 16QAM.   It should be noted that only allowed allocations were used for each of the two clusters of each multi-cluster simulation.   A total of 20,000 two cluster PUSCH transmissions were simulated for each of two different PA models.

The following emissions requirements were applied:

· UTRAACLR1 = 33 dB
· UTRAACLR2 = 36 dB
· E-UTRAACLR = 30 dB

The spurious requirement is a function of frequency.  Below 1 GHz, the spurious limit is -36 dBm/100kHz, while the spurious limit above 1 GHz is -30dBm/1MHz.  The spurious limit above 1 GHz is thus 4 dB tighter than the limit below 1 GHz with respect to the average power allowed within the measurement bandwidth, though more frequency domain averaging is allowed.  In the simulations, no examples were observed in which use of the -36 dBm/100kHz spurious requirement for below 1 GHz resulted in larger MPR than did the use of the -30dBm/1MHz spurious requirement for above 1 GHz.  Thus, simulation results are only shown for the spurious requirement of -30dBm/1MHz that applies above 1 GHz.

The general E-UTRA CA emissions requirements from TS 36.101 [3] were also applied and are given below:

Table 6.6.2.1A-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	50RB+100RB
(29.9 MHz)
	75RB+75RB (30 MHz)
	75RB+100RB
(34.85 MHz)
	100RB+100RB
(39.8 MHz)
	Measurement bandwidth

	 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	 1-5
	-10
	-10
	-10
	-10
	1 MHz

	 5-29.9
	-13
	-13
	-13
	-13
	1 MHz

	 29.9-30
	-25
	-13
	-13
	-13
	1 MHz

	 30-34.85
	-25
	-25
	-13
	-13
	1 MHz

	 34.85-34.9
	-25
	-25
	-25
	-13
	1 MHz

	 34.9-35
	
	-25
	-25
	-13
	1 MHz

	 35-39.8
	
	
	-25
	-13
	1 MHz

	 39.8-39.85
	
	
	-25
	-25
	1 MHz

	 39.85-44.8
	
	
	
	-25
	1 MHz




The impairments used in the simulations were the following:

· Modulator IQ – image = -25 dB
· Modulator carrier leakage = -25 dBc
· Modulator C_IM3 = -60 dBc
The operating points of the PA’s were set such that the UTRAACLR requirement of 33 dB is just met with a 100 RB QPSK allocation.  The output power at which the requirement is just met is defined to be 22 dBm.

The MPR required to meet all emissions requirements is shown for the two PA models in Figures 1 and 2, respectively.  The multi-cluster MPR allowed for intra-band contiguous carrier aggregation bandwidth class C in the TS 36.101 [2] specification is also shown in the figures, and is given by

MPR = CEIL {MA, 0.5}
where MA is defined as follows 

MA = 	8.2			; 0 ≤ A < 0.025
				9.2 - 40A 		; 0.025	≤ A < 0.05
				8 – 16A			; 0.05	≤ A < 0.25
				4.83 – 3.33A		; 0.25  ≤ A ≤ 0.4,
3.83 – 0.83A		; 0.4  ≤ A ≤ 1,
and 
			A = NRB_alloc / NRB_agg.

For multi-cluster allocations, the span of the fifth order intermodulation products is given by the frequency interval

,



where Fagg_alloc_low and Fagg_alloc_high are used to denote the lowest and highest frequency of the transmitted resource blocks of the multi-cluster allocation for the contiguously aggregated carriers.  For a given multi-cluster allocation, we then define then  as the maximum distance of any fifth order intermodulation product from the center frequency FC_agg of the contiguously aggregated carriers.  With this definition,  can be expressed as





Figure 1: MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz as a function of allocation ratio for PA1.

Figure 2: MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz as a function of allocation ratio for PA2.


The distance from the center frequency of the aggregated carrier FC_agg to the spurious domain is the sum one-half the aggregated channel bandwidth BWChannel_CA and the distance from the edge of the aggregated channel to the spurious domain, .  Thus, the fifth order intermodulation products for a given multi-cluster allocation do not reach the spurious domain so long as 


For two contiguously aggregated 20 MHz carriers, the fifth order intermodulation products of a multi-cluster allocation will not reach the spurious domain so long as 





In Figures 3 and 4, the MPR required to meet all emissions requirements (including spurious requirements) is shown for PA1 and PA2, respectively, for multi-cluster allocations for which is less than 64.7 MHz so that the fifth order intermodulation products do not reach the spurious domain.  For these simulation results, it is apparent that if the fifth order intermodulation products do not reach the spurious domain, the maximum MPR never exceeds 4 dB.  While higher order intermodulation products may extend to the spurious domain even when the fifth order products do not, these higher order products are generally lower in power and do not drive the need for the very large MPR values.


Figure 3: MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz for PA1 for allocations for which  < 64.7 MHz.


For single CC multi-cluster transmissions, the two clusters have equal power spectral densities (PSD).  However, for multi-cluster transmissions with contiguous intra-band carrier aggregation, clusters in different component carriers may have unequal PSD’s.  For this reason, the simulations shown in Figures 1 through 4 were repeated for power imbalances of 5, 10, 15, and 20 dB.  The results for these simulations can be found in the Appendix of [1].  In all cases, the MPR required to meet all emissions requirements was always less than or equal to 4 dB for multi-cluster allocations for which was less than 64.7 MHz so that the fifth order intermodulation products did not reach the spurious domain.

Figure 4: MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz for PA2 for allocations for which  < 64.7 MHz.
Proposed Modification of Multi-Cluster MPR for Contiguous CA with two CC’s

From the simulation results in Figures 3-4 above, and the results in Figures 7-8, 11-12, 15-16, 19-20 from the Appendix of [1], it can be seen that for contiguous intra-band carrier aggregation of two component carriers, the required MPR never exceeds 4 dB for multi-cluster allocations for which the fifth order intermodulation products do not reach the spurious domain.  For all of these multi-cluster allocations for which is less than 64.7 MHz  , the MPR can be limited to 4 dB, whereas with the current specification, MPR for some of these multi-cluster allocations can be as large as 8.2 dB.  In order to allow for some margin, it is proposed that MPR for these allocations be limited to 4.5 dB. For general carrier bandwidths, we thus have the following proposal.

Proposal: 
For contiguous intra-band carrier aggregation of two component carriers, the MPR for any multi-cluster allocation for which 


,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 4.5 dB.

This proposal can be captured in the Section 6.2.3A of the TS 36.101 specification with the following text:

If the multi-cluster allocation is such that



the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2A-1, is specified as follows

MPR = CEIL {min(MA, 4.5), 0.5}.
Benefits of MPR Reduction for Smaller Allocations
The benefit of reducing the MPR for allocation ratios below ~ 0.22 for which the fifth order intermodulation products do not reach the spurious domain depends on multiple factors including the loading of the two component carriers and the behavior of the scheduler.  If the system is lightly loaded, then the primary benefit of uplink carrier aggregation is the increase in the peak data rate and there may not be much benefit to reducing MPR for smaller allocation ratios.  Conversely, if the system has significant loading, the primary benefit of carrier aggregation may depend on the use of multi-cluster allocations with small allocation ratios.  In this second scenario, the benefits of carrier aggregation include:

i) load balancing between the two component carriers;
ii) an increase in average throughput of the CA-capable UE resulting from the scheduling of these UE’s on unused resources on the secondary component carrier;
iii) an increase in system throughput due to the fact that idle resources on either component carrier can be allocated to any CA-capable UE.

In this latter scenario in which the network is significantly loaded, smaller allocations become more significant as they can help to increase both the average user throughput and the average system throughput.

To first order, the benefit of reducing the MPR for smaller allocations as proposed can be estimated by evaluating the cumulative distribution function of the MPR associated with the proposed modification as in [2].  However, it can be noted that even this simple metric may depend strongly on assumptions about the type of traffic and the behaviour of the scheduler.  In Figure 5, the cumulative distribution is shown of the allowed MPR for both the existing MPR mask and for the proposed modification.  The results here are from the same data set used to generate Figures 1 and 2 above.  Thus, two 20 MHz component carriers were assumed with a center frequency spacing of was 19.8 MHz, so that the aggregated channel bandwidth BWChannel_CA is 39.8 MHz.  All of the simulation points were generated using two cluster PUSCH transmissions, with one cluster in each component carrier and only allowed allocations were considered.  As above, the modulation used in the simulations was 16QAM. 


Figure 5: Cumulative distribution function of the MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz for PA1.  Also shown is the cumulative distribution function of the allowed MPR for both the current MPR mask as well as the proposed modification.  One cluster is randomly chosen from each of the two component carriers.

Also shown in Figure 5 is the cumulative distribution of the MPR actually needed to meet the emissions requirements.  In Figure 6, the excess MPR is shown for both the existing MPR mask and for the proposed modification where the excess MPR is defined as the difference between the MPR allowed by the specification and the MPR needed to just meet the emissions requirements.  From Figure 6, it is apparent for 90% of the simulated two cluster allocations, the allowed MPR is less than 4 dB and 3 dB for the existing MPR mask and the proposed modification, respectively. Thus, for a cumulative probability of 0.9, the allowed MPR is reduced by approximately 1 dB with the proposed modification.


Figure 6: Cumulative distribution functions of the excess MPR for both the current MPR mask as well as the proposed modification.

As mentioned above, the reduction in MPR associated with the proposed modification of the MPR mask depends in part on the behaviour of the scheduler.  For example, it is possible for the scheduler to take advantage of the proposed modification of the MPR mask for smaller allocations and intentionally schedule clusters on the two component carriers for which the fifth order intermodulation products do not reach the spurious domain.  For such a scheduler, it would never be necessary to allow more than 4.5 dB of MPR for multi-cluster transmissions.  It should also be noted that for these smaller allocations, there is a great deal of flexibility to schedule the clusters such that the fifth order intermodulation products do not reach the spurious domain.  In Figure 7, the cumulative probability of the allowed MPR is shown for a scheduler that assigns the carrier aggregation UE’s multi-cluster allocations for which the fifth order IM’s do not reach the spurious domain for allocation ratios less than 0.22.  The data for Figure 7 was generated by pruning out multi-cluster allocations from the data set used for Figures 5 and 6 for which both the allocation ratio was less than 0.22 and the fifth order intermodulation product reached the spurious domain.  The excess MPR for this same scheduler is shown in Figure 8 for both the existing MPR mask and the proposed modification.  For this modified scheduler, the excess MPR is less than 4.5 dB with a cumulative probability of 0.95 for the current MPR specification.  With the proposed modification of the MPR mask, the excess MPR is less than 3 dB with a cumulative probability of 0.95, so that by this measure excess MPR is reduced by 1.5 dB.

It can be argued that the MPR for small multi-cluster allocations can be reduced more by simply assigning contiguous multi-cluster allocations in combination with the MPR specified in Table 6.2.3A-1.  However, the requirement to schedule contiguous resources across the boundary between carriers is much more restrictive from a scheduling perspective than what has been proposed in this contribution since any such contiguous multi-cluster allocation with allocation ratio less than 0.22 will have the property that the fifth order intermodulation products do not reach the spurious domain.  Furthermore, the scheduling of contiguous multi-cluster allocations will be complicated by the existence of PUCCH resources at the edges of each of the component carriers, and the number of such PUCCH resources is variable and configured by the network.  As currently specified, it seems that no user in either cell can be actively transmitting on a PUCCH resource when contiguous multi-cluster allocations are scheduled.  Another possible drawback with the use of contiguous multi-cluster allocations is that the eNB generally attempts to schedule the UE on frequency resources with the best instantaneous propagation characteristics.  If the eNB schedules the non-carrier aggregation UE’s first on the best available frequency resources, the remaining resources allocated to the carrier aggregation-capable UE may not be contiguous with the second carrier so that the tables containing the MPR allowed for “contiguous” multi-cluster allocations do not apply.  Thus, multi-cluster allocations are required to always be contiguous the boundary between the component carriers, the eNB may be significantly constrained with respect to its ability to schedule the non-carrier aggregation UE’s on the best available frequency resources.
Conclusion
For contiguous intra-band carrier aggregation of two component carriers, simulation results have been presented indicating that the MPR can be limited to 4.5 dB for multi-cluster allocations for which the fifth order intermodulation products do not reach the spurious domain.  Thus, for these multi-cluster allocations, MPR can be limited to the minimum of the MPR currently specified in Section 6.2.3A of TS 36.101 and 4.5 dB.  It is proposed that the specification be modified as indicated in Section 3 above so as to limit the MPR to 4.5 dB for these small allocations for which the fifth order intermodulation products do not reach the spurious domain.
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Figure 7: Cumulative distribution function of the MPR needed to meet SEM, ACLR, and the spurious requirement above 1 GHz for PA1.  Also shown is the cumulative distribution function of the allowed MPR for both the current MPR mask as well as the proposed modification.  One cluster is randomly chosen from each of the two component carriers.  Multi-cluster allocations with both an allocation ratio < 0.22 and with  > 64.7 MHz were removed from the data set.


 Figure 8: Cumulative distribution functions of the excess MPR for both the current MPR mask as well as the proposed modification.  One cluster is randomly chosen from each of the two component carriers.  Multi-cluster allocations with both an allocation ratio < 0.22 and with  > 64.7 MHz were removed from the data set.
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