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1. Introduction
RAN4 has recently agreed to MPR requirements for intra-band multi-cluster or non-contiguous UL transmission for CA BW class C devices [1]. In these requirements, MPR is parameterized as a piece-wise linear function of one variable: the allocation ratio. While this approach is very attractive due to its simplicity, there are some potential limitations to it. In this contribution, we discuss some of these aspects and provide an approach that can tighten MPR without leading to implementation risks.
2. MPR parameterization
RAN4 has agreed to the following requirements for MPR for intra-band multi-cluster transmissions [1]:
For intra-band contiguous CA Bandwidth Class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 due to multi cluster transmission is specified as follows 

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
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Where A = NRB_alloc / NRB_agg.

For intra-band contiguous CA, MPR has been parameterized as a function of a single variable, the allocation ratio (A) which is the ratio of total allocated BW across all clusters to the configured UL BW (i.e., 0 < A <= 1). This is a significant simplification compared to the multi-dimensional dependence of MPR on allocation size, location in frequency domain, distances between the edges and the allocations, inter-allocation distances, PSD difference between allocations, etc. 

3. Potential approach for reducing allowed MPR
In general, using a piece-wise linear function of just one parameter (as agreed to in [1]) can lead to over-dimensioning of the allowed MPR. In other words, a larger MPR than what is necessary is allowed potentially leading to UL inefficiencies. From Fig. 1, with the allocation ratio metric, the 50%-tile (median) excess backoff is 2 dB and the 80%-tile excess backoff is slightly above 3.5 dB. The CDFs in Fig. 1 were obtained from a set of > 1E5 random allocations. 
. 
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Figure 1 [1, Figure 6.2.3.1-8] CDF of excess backoff for each method/metric

Fig. 2 shows the MPR limit based on the allocation ratio mask from [1]. For any given allocation ratio A, a large number of realizations of multi-cluster allocations are several dB below the allocation ratio mask. Suppose A = 0.3. The allowed limit for this allocation ratio, MPR(A = 0.3) = 3.8 dB. But, clearly, 3.8 dB is an upper bound on the required UL power reduction and there are a large number of multi-cluster allocations that do not require a 3.8 dB backoff. Allowing a larger MPR than necessary can lead to UE implementations that sub-optimally apply a large backoff thus reducing UL spectral efficiency.  This leads to the question of whether it is possible to reduce the allowed MPR in a way that does not lead implementation risks (i.e., the risk that UE vendors / PA suppliers will not be able to meet MPR requirements if MPR requirements were to be modified or tightened relative to that in [1]).  In the next section we describe one approach for tightening MPR without leading to implementation risks.
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Fig. 2 [1, Figure 6.2.3.1-4] Allocation ratio mask 
4. Using the min() function of two masks
Suppose that there is a multi-cluster allocation over a 10 MHz BW with PUCCH + PUSCH. Suppose that PUCCH spans 1 RB with RB index = 2 and PUSCH spans RBs indexes 4 through 10. From the definitions, the allocation ratio is 
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and the gap ratio [1,2] for this allocation is 
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. The MPR limit from the allocation ratio mask is 5.4 dB and the MPR limit from the gap ratio mask is about 3.6 dB (from Fig. 3). Clearly, with the current definition, the UE is allowed an MPR backoff equal to 5.4 dB although, for this UL multi-cluster configuration, a backoff equal to min(5.4, 3.6) = 3.6 dB is sufficient based. This is because, by definition, the MPR limit from the gap ratio mask is the maximum power reduction required for all allocations (i.e., 
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This example illustrates that the MPR definition in [1] is somewhat suboptimal for some multi-cluster allocations as it leads to excessive MPR limits. The method of taking 
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 is the allocation ratio mask and 
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 is a piece-wise linear gap ratio mask, can improve upon [1] if there are allocations for which the gap ratio mask results in a lower MPR limit relative to the allocation ratio mask. Instead of the gap ratio mask, we could have very well considered a different variable (e.g., balance ratio, etc.). To generalize the above discussion, MPR can be determined as 
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 is a piece-wise linear MPR mask applicable to variable 
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 (see Appendix A for a more formal treatment). 
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Figure 3 [1, Figure 6.2.3.1-54] Gap ratio with possible mask

This leads to the following proposals:

Proposal 1: Specify 
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Proposal 2: Variable 
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 of proposal 1 is TBD and subject to further RAN4 study.
5. Conclusions

In this contribution, we pointed to a potential limitation of the current MPR requirements and described an approach that can address this limitation. We propose the following:
Proposal 1: Specify 
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[image: image24.wmf]X

.

Proposal 2: Variable 
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 of proposal 1 is TBD and subject to further RAN4 study.
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7. Appendix A

Consider a function of two variables 
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where 
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 is the set of the range of values that 
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 can take. Clearly, we have the following inequalities:


[image: image31.wmf](

)

(

)

{

}

(

)

112211

min,

YgXgXgX

££

.

                 (1)

From (1), using 
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leads to a tighter upper bound on 
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as compared to 
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In [1], for the MPR requirements, we have 
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. Instead of using the point-wise maximum 
[image: image39.wmf](

)

11

gX

, a piece-wise linear function (i.e., the allocation ratio mask as shown in Fig. 2) is used as an upper bound to express MPR as a function of 
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. From the observation above, if we constructed a similar piece-wise linear approximation or mask for 
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for some other variable 
[image: image42.wmf]{

}

2

,,,

XWEGB

Î

, we can achieve a bound on MPR that is potentially lower than the individual bounds 
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 by simply taking the minimum of the two bounds. In the example in Section 4,  
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, the gap ratio [1,2]. The piece-wise linear upper bound for 
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is shown in Fig. 3.
By considering a second variable 
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that is an element of the set 
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 is a piece-wise linear MPR mask applicable to variable 
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A multi-linear regression approach to factoring into the MPR bound multiple parameters,
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, was considered in [2]. But, the multi-linear fit was found to be inferior compared to a piece-wise linear fit on 
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But, the application of the min() function across two piece-wise linear masks as proposed in this contribution can never lead to a larger MPR than either of the piece-wise linear masks. This approach better identifies the limiting factors in the multi-cluster UL configuration and allows the UE to only apply the smallest upper bound on MPR. Furthermore, this approach can be extended to the multiple variable case 
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 where the min() function can be applied to more than two variables. 
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