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Introduction
For intra-band contiguous carrier aggregation, the A-MPR allowed for non-contiguous resource allocations can be very large when CA_NS signalling is used.  The situation is much better for contiguous resource allocations, since the A-MPR allowed for contiguous allocations is generally much less.  For example, when CA_NS_01 is signalled, the A-MPR allowed for an allocation ratio of 0.5 is 9.5 dB, regardless of the placement of the allocation within the aggregated carriers.  Conversely, for a contiguous allocation with an allocation ratio of 0.5, the allowed A-MPR can be as small as 5 dB for the aggregation of two 15 MHz carriers.
While contiguous resource allocations are preferred from an A-MPR perspective, there is possibly an issue in that contiguous PUSCH allocations that span the boundary of the aggregated carriers will overlap the PUCCH resource blocks that are semi-statically configured at the edge of the component carriers, and will thus degrade the performance of the PUCCH.  It can also be observed that if the aggregated component carriers are equal in size, any contiguous allocation ratio having an allocation ratio of 0.5 or greater will either overlap both PUCCH regions on one component carrier, or will overlap at least one PUCCH region on both carriers.  As a result, though contiguous resource allocations are preferred from an A-MPR perspective, it will generally not be possible to assign contiguous allocations which span the boundary between carriers or which have an allocation ratio greater than or equal to 0.5 dB while avoiding the PUCCH region.
In this contribution, this problem is considered in more detail.  Furthermore, a proposal is made for reducing the A-MPR for PUSCH allocations which are almost contiguous except due to puncturing of the PUCCH region or other scheduling restrictions.
A-MPR Difference between Contiguous and Non-Contiguous Allocations
In TS 36.101, there are two methods used for specifying the maximum allowed A-MPR for intra-band carrier aggregation when CA_NS signalling is used.  For each CA_NS_0x, a table is defined for contiguous resource allocations and a formula is defined for non-contiguous resource allocations.  In general, contiguous resource allocations are preferred because the allowed A-MPR is typically significantly less for a contiguous allocation than for a non-contiguous allocation with the same number of resource blocks.

As noted in the introduction, if the aggregated carriers are equal in size, any contiguous allocation having allocation ratio of 0.5 or greater will fully overlap one or more PUCCH regions. It should be noted that even if the user allocated the PUSCH is not transmitting a PUCCH, other UE’s in the cell will be using the PUCCH resources for ACK/NACK signalling or for RACH.  In particular, the eNB cannot predict when the RACH resources will be used. Thus, if the UE is assigned a contiguous allocation with an allocation ratio of 0.5 or greater, the UE transmission will overlap and degrade the performance of the PUCCH.  Similarly, the performance of UE transmission will be degraded by these PUCCH transmissions.

For a non-contiguous resource allocation, the allowed A-MPR is only a function of the allocation ratio.  The A-MPR allowed for an allocation ratio of 0.5 for CA_NS_01 through CA_NS_06 is shown in Table 1.  For contiguous resource allocations, the allowed A-MPR is a function of both the size of the allocation and the placement of the allocation.  In Table 1, the minimum A-MPR is shown for a contiguous allocation with an allocation ratio of  0.5, where the  minimum is take over all possible placements of the allocation.   Since the allowed A-MPR depends on the size of the component carriers, the minimum A-MPR is provided for the aggregation of two 15 MHz carriers as well as for the aggregation of two 20 MHz carriers.

Table 1: A-MPR reduction from using contiguous A-MPR tables rather than non-contiguous    A-MPR formula for contiguous allocations
	CA_NS signalled
	A-MPR for A = 0.5 with non-contiguous formula
	Minimum A-MPR for contiguous allocation with A = 0.5 (75+75 RBs)
	Minimum A-MPR for contiguous allocation with A = 0.5 (100+100 RBs)
	A-MPR reduction for contiguous allocation (75+75 RBs)
	A-MPR reduction for contiguous allocation (100+100 RBs)

	CA_NS_01
	9.5
	5
	6
	4.5
	3.5

	CA_NS_02
	9.5
	2
	3
	7.5
	6.5

	CA_NS_03
	11.5
	2
	4
	9.5
	7.5

	CA_NS_04
	4.5
	4
	3
	0.5
	1.5

	CA_NS_05
	9.5
	5
	6
	4.5
	3.5

	CA_NS_06
	11.5
	2
	0
	9.5
	11.5



The difference in A-MPR for contiguous and non-contiguous allocations for the contiguous aggregation of two 15 MHz component carriers with CA_NS_01 signalling is further illustrated in Figure 1.  This example shows the difference in the A-MPR between the non-contiguous and contiguous formulas as a function of the number of RB’s and RB_Start for contiguous allocations.  If it is assumed that three RB’s are semi-statically configured for the PUCCH at each edge of each component carrier, then all allocations of 70 RB’s or more will overlap with one or more PUCCH RB’s.

Reducing A-MPR for Almost-Contiguous Resource Allocations
As noted above, if the aggregated carriers are equal in size, any contiguous allocation having an allocation ratio of 0.5 or greater will fully overlap one or more PUCCH regions. Additionally, unless the PUCCH is over-provisioned, it is not possible to have a contiguous allocation containing RB’s from both carriers which is contiguous and which does not overlap the PUCCH region. In the case that the PUCCH is over-provisioned, it is possible to contiguously allocate resources from the two carriers, but only in the region above the upper PUCCH region of the lower frequency carrier and below the lower PUCCH region of the higher frequency carrier, and such allocations will generally be small.

As noted in the previous section, for a given contiguous allocation, the A-MPR allowed using the contiguous A-MPR table is generally much less than that allowed using the  non-contiguous A-MPR formula.   Thus, it is worth considering whether it might be possible to adjust the A-MPR for contiguous allocations in some way to apply to allocations which are almost-contiguous – for example, for allocations which are contiguous except for the PUCCH region – in order to avoid using the non-contiguous A-MPR formula which allows much larger A-MPR values.  Towards this end, the following two resource block allocations are considered:



Figure 1:  Difference between contiguous and non-contiguous A-MPR for contiguous allocations with 70 or more resource blocks


Allocation 1:  
A contiguous allocation with RB_Start = A and RB_End = B, where RB_Start and RB_End are the lowest and highest frequency RB’s of the allocation, respectively.  The power spectral density for the allocated RB’s has the value PSD1.

Allocation 2:  

A non-contiguous allocation with RB_Start = A and RB_End = B, where RB_Start and RB_End are the lowest and highest frequency RB’s of the allocation, respectively.  A total of  resource blocks between (but not including) RB_Start and RB_end are not allocated (i.e., are punctured).  The power spectral density for the allocated RB’s is PSD2.
 
Consider the case that the PSD2 for Allocation 2 is equal to PSD1 for allocation 1, so that PSD2 = PSD1.  Since the RB’s in Allocation 2 are a subset of  the RB’s in Allocation1, it follows that if Allocation 1 satisfies all of the emissions requirements when transmitting its RB’s with PSD1, then Allocation 2 will also satisfy all emissions requirements when transmitting its RB’s with PSD1.  However, since Allocation 2 has fewer RB’s than Allocation 1, the A-MPR allowed for Allocation 2 must be increased relative to the A-MPR allowed for Allocation 1 in order to maintain the same PSD limit for Allocation 2.  The required increase in A-MPR is given by

,

where RB_Start = A and RB_End = B. With this increase in A-MPR, the maximum PSD for the Allocation 2 resource blocks will be the same as the maximum PSD for the Allocation 1 resource blocks.


Given the above observation, we now define the A-MPR for a almost-contiguous resource allocations with RB_Start = A, RB_End  = B, and a total of  resource blocks punctured between  RB_Start and RB_End.  Towards this end, define A-MPR_non-contig and A_MPR_contig as follows:

A-MPR_non-contig is the A-MPR computed using the non-contiguous A-MPR formula in Section 6.2.4A of TS 36.101 for the given CA_NS_0x signalling

A_MPR_contig is the A-MPR determined using the contiguous table in 6.2.4A of TS 36.101 for the given CA_NS_0x signalling and for the given component carrier combination for a contiguous allocation with RB_Start = A, and RB_End  = B.

With these definitions, A_MPR_almost_contig  is defined as 


A_MPR_almost_contig = A_MPR_contig .



In the case that  is almost as large as the span of the allocation given by , the additive term can be very large so that in some cases

A_MPR_almost_contig  > A_MPR_non-contig

For this reason, we propose that for non-contiguous allocations, the allowed A-MPR be defined as 

A_MPR = min(A_MPR_non-contig, A_MPR_almost_contig)

So, in summary, we have the following proposal for reducing A-MPR for non-contiguous allocations:

Proposal:  

For a non-contiguous resource allocation with RB_Start = A, RB_End  = B, and a total of  resource blocks punctured between  RB_Start and RB_End, the allowed A-MPR is defined as 

A_MPR = min(A_MPR_non-contig, A_MPR_almost_contig)

where 

A-MPR_non-contig is the A-MPR computed using the non-contiguous A-MPR formula in Section 6.2.4A of TS 36.101 for the given CA_NS_0x signalling

A_MPR_contig is the A-MPR determined using the contiguous table in 6.2.4A of TS 36.101 for the given CA_NS_0x signalling and for the given component carrier combination f or a contiguous allocation with RB_Start = A, and RB_End  = B

and, A_MPR_almost_contig  is defined as 


A_MPR_almost_contig = A_MPR_contig .

The reduction in A-MPR achievable using Proposal 1 is illustrated in Figure 2 for the contiguous aggregation of two 15 MHz component carriers with signalling of CA_NS_01.  For the results in Figure 2, it was assumed that the outer-most three resource blocks of both carriers were semi-statically allocated for the PUCCH.  As in Figure 1, only allocations spanning at least 70 resource blocks are considered, since these allocations are guaranteed to overlap the PUCCH region of one carrier or the other.

It should be noted that the vertical axis in Figure 2 is labelled as RB_End  - RB_Start + 1 rather than  “Number of RB’s.” The reason for this change relative to Figure 1 is that the vertical axis indicates the span of the PUSCH  allocation rather than the number of RB’s allocated.  The PUSCH allocation is assumed to be contiguous except in the locations in which it overlaps the PUCCH resource blocks.  In these locations, the allocation is punctured by the PUCCH.

From the results in Figure 2, it can be shown that the A-MPR is reduced by up to 5 dB for these resource allocations for which the contiguous A-MPR tables cannot otherwise by applied.




Figure 2:  A-MPR Reduction relative to non-contiguous A-MPR formula for large allocations which are discontinuous due to overlap with the PUCCH region 
Conclusion
In this contribution, a proposal was presented for reducing the A-MPR allowed for large PUSCH allocations which are non-contiguous due to overlap with the PUCCH region.  With this proposal, the allowed A-MPR is significantly reduced for large resource block allocations that are almost-contiguous in the sense that they are contiguous except that the PUCCH region (or other small region) is punctured from the allocation.  Results are presented for the contiguous aggregation two 15 MHz carriers with the signalling CA_NS_01.  The reduction in A-MPR with the proposed method will depend both on the CA_NS_0x signalled and the bandwidths of the component carriers.  For example, based on Table 1, it can be expected that the A-MPR reduction with the signalling of CA_NS_06 would be greater than shown in Figure 2, while the A-MPR reduction would be significantly less with the signalling of CA_NS_04.
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