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Introduction
For intra-band contiguous carrier aggregation, the topic of MPR for transmission with non-contiguous resource allocations (also known as multi-cluster transmission) has been discussed extensively in RAN4 over the past year [1-4].  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.
 
Based on the simulation results in [1-4], three proposals have been made for reducing the MPR allowed for some non-contiguous resource allocations.  In this contribution, the three proposals are briefly reviewed and are compared with respect to the set of non-contiguous resource allocations to which they apply and also with respect to their complexity and specification impact.  Based on this comparison, a recommendation is made as to which proposal should be incorporated in the specification.
Proposals for Limiting the MPR Allowed for Some Non-Contiguous Resource Allocations
Based on the simulation results in [1-4], three proposals have been made which would reduce the MPR allowed for some non-contiguous resource allocations, depending on the span of their fifth order intermodulation products (IM’s).  For a given non-contiguous resource allocation, we use IM5 to denote the maximum distance of the fifth order IM’s from the center of the aggregated channel.  The parameter IM5 can be calculated as 
	
IM5 = max( | FC_agg  – (3*Fagg_alloc_low – 2*Fagg_alloc_high) |,  | FC_agg  – (3*Fagg_lloc_high – 2*Fagg_alloc_low) | )

where FC_agg denotes the center of the aggregated channel, and Fagg_alloc_high and Fagg_alloc_low denote the highest and lowest allocated frequencies, respectively.

With this notation, the three existing proposals follow:

Proposal 1:
For contiguous intra-band carrier aggregation of two component carriers, the MPR for any non-contiguous resource allocation for which 

,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 5.5 dB

Proposal 1 limits the MPR to 5.5 dB so long as the fifth order IM’s do not reach the spurious domain.

Proposal 2: 
For contiguous intra-band carrier aggregation of two component carriers, the MPR for any non-contiguous resource allocation for which 

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

Proposal 2 limits the MPR to 4.5 dB so long as the fifth order IM’s do not reach the outermost 5 MHz of the SEM.

Proposal 3:
For contiguous intra-band carrier aggregation of two component carriers, the MPR for any non-contiguous resource allocation for which 

,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 4.5 dB.  For any non-contiguous resource allocation for which 

,
MPR is limited to the minimum of the MPR currently specified in Section 6.2.3A and 5.5 dB.

Proposal 3 limits the MPR to 4.5 dB so long as the fifth order IM’s do not reach the outermost 5 MHz of the SEM, and to 5.5 dB if the fifth order IM’s extend to the outermost 5 MHz of the SEM but do not reach the spurious domain.

The following comparisons can be made among the three proposals:

i) The complexity of Proposals 1 and 2 is precisely the same as both require the calculation of the value IM5 and the comparison of this value with a single threshold.

ii) The complexity of Proposal 3 is very slightly greater than for Proposals 1 and 2, as the value IM5 must be compared to two thresholds and, depending on the outcome of this comparison, two different MPR limits apply.

iii) The MPR limit for Proposal 1 is larger than for Proposal 2 (5.5 dB vs. 4.5 dB), but the set of non-contiguous resource allocations for which Proposal 1 applies is larger than the set for which Proposal 2 applies (see Figure 1 below).

iv) The MPR limit for Proposal 3 is always less than or equal to the MPR limit for Proposals 1 and 2.

The set of non-contiguous resource allocations to which Proposals 1-3 apply is indicated in Figure 1 for the aggregation of two 20 MHz component carriers.  In this figure, the blue line (labelled RB_min) indicates the minimum RB index (read off the vertical axis) for a given non-contiguous resource allocation.  Reading across the plot horizontally, the red line (labelled RB_max_SEM,5) indicates the corresponding maximum RB index (read off the horizontal axis) for the non-contiguous resource allocation such that the fifth order IM’s do not extend to the outermost 5 MHz of the SEM.  Similarly, the green line (labelled RB_max_spurious) indicates the corresponding maximum RB index (read off the horizontal axis) for the non-contiguous resource allocation such that the fifth order IM’s do not extend to the spurious domain.

Two examples are shown in Figure 1.  In the first example,  RB_min is equal to 30.  For a non-contiguous resource allocation with RB_min equal to 30, the fifth order IM’s do not reach the spurious domain so long as RB_max is less than or equal to 161, and  the fifth order IM’s do not reach the outermost 5 MHz of the SEM so long as RB_max is less than or equal to 147.

In the second example, RB_min is equal to 60.  For a non-contiguous resource allocation with RB_min equal to 60, the fifth order IM’s do not reach the spurious domain so long as RB_max is less than or equal to 183, and  the fifth order IM’s do not reach the outermost 5 MHz of the SEM so long as RB_max is less than or equal to 174.

From these two examples, it can be seen that the scheduler has a great deal of flexibility in scheduling the non-contiguous resources allocations in a manner such that a reduced MPR applies, especially given that the scheduler can adjust the range by its selection of RB_min.  In particular, it can be seen that regardless of the value of RB_min, there is always a span of at least 102 RB’s in which resources can be allocated such that the fifth order IM’s do no reach the outermost 5 MHz of the SEM, and there is always a span of at least 116 RB’s in which resources can be allocated such that the fifth order IM’s do not reach the spurious domain.



Figure 1: Regions in which non-contiguous resource allocations can be scheduled with reduced MPR for two aggregated 20 MHz component carriers.  RB_max for the non-contiguous resource allocation is shown as a function of RB_min for two different constraints on IM5. 

From Figure 1 and the discussion above, it is clear that Proposals 1 and 3 allow the scheduler more flexibility to assign non-contiguous resource allocations such that a reduced MPR applies than does Proposal 2.  In particular, for a given value of RB_min, the maximum RB which can be allocated with reduced MPR is 9 to 14 RB’s larger for Proposals 1 and 3 than for Proposal 2, and this corresponds to an increase in the frequency span of the non-contiguous resource allocation by 1.6 to 2.4 MHz, respectively
Specification Impact
From the discussion in the previous Section, the following observations can be made with respect to the three proposals:

i) The MPR limit for Proposal 3 is 1 dB less than for Proposal 1 for non-contiguous resource allocations for which the fifth order IM’s do not reach the outermost 5 MHz of the spurious domain.  The MPR limit for Proposal 3 is the same as Proposal 1 for non-contiguous resource allocations for which the fifth order IM’s reach the outermost 5 MHz of the SEM but do not reach the spurious domain.

ii) The MPR limit for Proposal 3 is the same as Proposal 2 for non-contiguous resource allocations for which the fifth order IM’s do not reach the outermost 5 MHz of the SEM.  However, Proposal 3 allows the scheduler additional flexibility to assign non-contiguous resource allocations outside of this domain with a reduced MPR value of 5.5 dB.  Relative to Proposal 2, Proposal 3 increases frequency span of the non-contiguous resource allocations for which reduced MPR applies by 1.6 to 2.4 MHz.

iii) The complexity of Proposal 3 is very slightly greater than for Proposals 1 and 2, as the value IM5 must be compared to two thresholds and, depending on the outcome of this comparison, two different MPR limits apply.  For Proposals 1 and 2, there is only a single comparison threshold for IM5 and a single MPR limit.

Since the increase in complexity for Proposal 3 relative to Proposals 1 and 2 is quite minimal, and also because Proposal 3 allows the scheduler increased flexibility to assign non-contiguous resource allocations with reduced MPR, we consider how Proposal 3 might be incorporated in the TS 36.101 Specification.

The MPR mask for Proposal 3 is illustrated in Figure 12 and can be captured in the Section 6.2.3A of the TS 36.101 specification with the following text:




For intra-band contiguous carrier aggregation bandwidth class C with non-contiguous resource allocation, 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, MIM5), 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 MIM5 is defined as follows
MIM5 =	4.5	; IM5 ≤ 1.5 * BWChannel_CA

5.5	; 1.5 * BWChannel_CA < IM5 ≤  (BWChannel_CA)/2 + fOOB

MA	; IM5 > (BWChannel_CA)/2 + fOOB 
Where
			A = NRB_alloc / NRB_agg.
IM5 = max( | FC_agg  – (3*Fagg_alloc_low – 2*Fagg_alloc_high) |,  | FC_agg  – (3*Fagg_lloc_high – 2*Fagg_alloc_low) | )

	CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR[3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5]
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.
For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, the requirements in subclause 6.2.3 apply.

The MPR mask associated with the Proposal 3 can be found in Figure 2.
Finally, if Proposal 3 is considered to be too complex, the above text proposal can be modified to implement Proposal 2 by simply changing the definition of MIM5 to be

MIM5 =	4.5	; IM5 ≤ 1.5 * BWChannel_CA

MA	; IM5 > 1.5 * BWChannel_CA 				(for Proposal 2)	




Figure 2: Illustration of proposed MPR mask for Proposal 3.

Conclusion
Based on the simulation results in [1-4], three proposals have been made for reducing the MPR allowed for some non-contiguous resource allocations.  In this contribution, the three proposals were compared with respect to the set of non-contiguous resource allocations to which they apply and also with respect to their complexity and specification impact.  Based on this comparison, it is observed that Proposal 3 allows the scheduler increased flexibility to assign non-contiguous resource allocations with reduced MPR relative to Proposals 1 and 2 with only a minimal increase in complexity.

Based on this observation is recommended that Proposal 3 be approved.
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