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1. Introduction

In RAN 4 meeting #60bis [1] presented studies for required A-MPR for multicluster transmission for Band41 carrier aggregation. And [2] presented results of a study showing how much A-MPR is needed for contiguous allocation in case of CC-combinations 75+75 RB and 100+100 RB to meet the additional SEM requirement.

This contribution proposes a region based A-MPR approach for CA_41C contiguous allocation that enables no A-MPR when a small allocation is provided in the region far away from the channel edge. The motivation of such an approach is to preserve, as much as possible, the link budget performance for cell edge users, while still keeping A-MPR rules simple for implementation. 
2. Overview of CA_41C additional spectrum emissions mask
When the additional spectrum emissions mask is required by the network, for CA Bandwidth Class C, the power of any UE emission shall not exceed the levels specified in Table 1. 

Table 1: Additional requirements

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	34.85 MHz
	39.8

MHz
	Measurement bandwidth

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

	( 1-5.5
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-34.9
	-25
	-25
	-25
	-25
	1 MHz

	( 34.9-35
	
	-25
	-25
	-25
	1 MHz

	( 35-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


Additional spectrum emission requirements are signalled by the network for a B41_C UE by using NS_1X, with the exact NS value being defined when the CRs are written for this CA band, during CA specific configuration of PCell and SCell to indicate that the UE shall meet the additional SEM defined in this section. 
As the additional spectrum mask indicated by NS_1A is essentially a fixed 5MHz mask and all eligible bandwidth combinations of B41 CA are considerably larger than 5 MHz, some A-MPR is thus needed for either the case of large/full RB allocation or smaller allocations at or close to the channel edges that cause problems due to inter-modulation products. 
Note that contiguous allocation in this contribution refers to case where no empty RB’s are located within an UL allocation. There is however a gap between the CC which is defined by the nominal channel spacing formula in TS 361.01. 
3. Proposed region based A-MPR approach for contiguous allocation
It is worth noting that not all RB allocations will require an A-MPR in order for the emissions to meet the NS_1X requirements, for example a small allocation located far away from the channel edge will effectively provide significant internal guard band such that the emissions requirements are inherently met. Therefore, it can be conceived that there are some cases where an A-MPR allowance for contiguous allocation is not required.

One approach could be to specify A-MPR value as a function of the number of allocated RB, regardless of the location of allocated RB inside the carrier. However, as indicated by simulation results in [2], this approach leads to A-MPR being required for all the RB allocations. Consequently, this could impact the cell edge performance in terms of UL link budget, since no region is available for allocation where A-MPR doesn’t have to be applied. Therefore we propose that a simple, allocation specific rule be developed that enables no A-MPR when a small allocation is provided in the region far away from the channel edge, in order to preserve, as much as possible, the link budget performance for cell edge users.
Our proposed approach is extended from A-MPR framework developed for B41 [3], utilizing the similar “internal guard bands” where possible to prevent the need for A-MPR. When internal guard bands cannot be used in an allocation provided by the eNB, then some A-MPR is allowed. 
Here we presents a brief analysis of the proposed CA_41C A-MPR framework for contiguous allocation in terms of at what RB number the worst case 5th order product will fall into the more relaxed region of the emissions mask, which happens 5.5MHz from the channel edge. This is a straightforward extension of the analysis of B41 A-MPR framework [3] by taking into account of nominal CA channel spacing. The case 20+20MHz bandwidth combination is used as a concrete example to derive the boundary of region. 
The location in frequency of the 5th order IM product is given by the following equation:
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Where 
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 is the centre frequency of the single RB allocation and 
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 is the carrier centre frequency.
Assuming 
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 is 2600MHz, substituting the requirement that 
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must be greater than 2574.6MHz (which is 5.5MHz from the lower channel edge of 2580.1MHz) yields the required centre frequency for the single RB allocation to ensure the 5th order IM product falls into the -13dBm/MHz region.
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This means that the single RB allocation must be less than 2600 – 2591.5 = 8.5MHz from the carrier centre frequency to ensure that the 5th order IM product falls into the -13dBm/MHz region. In terms of RBs, this would mean that the edge of Region B should be greater than ~57RBs from the lower edge, assuming that middle guard band size of the nominal CA channel spacing is 1.8MHz. With a reasonable margin of 2 or 3RBs, Region B in lower carrier, denoted as Region Bchannel(1), has 40RBs and spans from RB #60 to RB#99. Symmetrically, Region B of the higher carrier, denoted as Region Bchannel(2), spans from RB#100 to RB#139. This makes a Region B, consisting of both Region Bchannel(1) and Region Bchannel(2), a total size of 80RBs. The result of this analysis is the definition of a region B with sufficient margin enabling ~40% of the RBs to be possibly allocated without A-MPR.
Similarly, Region Bchannel(1) and Region Bchannel(2) for the case of bandwidth combination of 15MHz +15MHz can be derived. Its Region Bchannel(1) has 30RBs and spans from RB #45 to RB#74, and its Region Bchannel(2) also has 30RBs and spans from RB#75 to RB#104. This gives a total Region B size of 60 RBs, 40% of the total number of 150 RBs.  
The analysis for unsymmetrical CC bandwidths, e.g. channel BW 34.85MHz, just requires consider the case of 20MHz + 15MHz and the case of 15MHz + 20MHz respectively, 
Similar ananlysis were also performed to ensure the 3rd order IM product between 
[image: image7.wmf]1,

2

RBimage

f

and the image of
[image: image8.wmf]1

RB

f

, i.e. 
[image: image9.wmf]11,1,1

2, 2

RBRBimageRBimagecRB

ffwherefff

-=-

 or 3rd order IM product 
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falls into -13dBm/MHz region, yield compatible results as the analysis of the 5th order IM product. As a result of analysis, Table 2 summarizes the A-MPR regions derived for CA_41C contiguous allocation.

Table 2: A-MPR Region for contiguously allocated CA_41C
	Channel BW
	Bandwidth Combination
	Region A
	 Region Bchannel(1)
	Region Bchannel(2)
	Region C

	39.8 MHz
	20MHz + 20MHz
	0 – 59
	60 - 99
	100 - 139
	140 - 199

	    34.85 MHz
	CC1 20 MHz, CC2 15MHz
	0 - 49
	50 - 99
	100 - 124
	125 - 174

	
	CC1 15 MHz, CC2 20MHz
	0 - 49
	50 - 74
	75 - 124
	125 - 174

	30 MHz
	15MHz + 15MHz
	0 - 44
	45 -74
	75 - 104
	105 - 149

	     29.9 MHz
	CC1 20 MHz, CC2 10MHz
	0 - 44
	45 - 99
	100  -104
	105 - 149

	
	CC1 10 MHz, CC2 20MHz
	0 - 44
	45 - 49
	50  -104
	105 - 149


Conceptually, Region A and C can be regarded as “internal guard band” that enables no A-MPR band for any contiguous allocation entirely within either Region Bchannel(1) or Region B channel(2) . Though it is possible to allow contiguous allocation span across two CCs within Region B without incurring A-MPR, we propose to allocate RBs to UE that are either within Region Bchannel(1) or Region B channel(2) . This is to mainly simplify A-MPR rules, as there could be corner cases of allocating large RB across two CCs requiring A-MPR even within Region B. This is because that allocation across two carriers is no longer single carrier transmission, thus more MPR is required to compensate increased PAR and the cubic metric compared to truly single carrier transmission. However, this would result in rather complex rules with no real link budget gain as cell edge UEs will generally not require allocation so large as to across two carriers. 
Therefore, the structure of the proposed CA_41C A-MPR region based approach provides a good compromise between complexity for eNB scheduler, UE implementation and network performance. In summary, it enables ~40% of the RBs to be allocated at full power with reasonable margins. Given the real world UE transmit power profile distribution within a cell and likely distribution of users at the edge, this is considered to be more than sufficient
4. Conclusion

It is proposed to adopt a region based approach for contiguous allocation for CA_41C to ensure the preservation of UL link budget. Interested companies are encouraged to conduct simulations to verify that small/medium contiguous allocation within either Region Bchannel(1) or Region B channel(2) can be accommodated without incurring A-MPR. 
5. Reference

[1] R4-114907, CA_41C MPR and A-MPR studies, Nokia

[2] R4-115005, A-MPR for CA in Band 41 for transmission with contiguous RBs, Huawei
[3] R4-102724, A-MPR aspects for LTE_TDD_2600_US WI, Clearwire
_1382121290.unknown

_1382183640.unknown

_1382183765.unknown

_1382184360.unknown

_1382182219.unknown

_1339407220.unknown

_1339407249.unknown

_1339407094.unknown

_1339407187.unknown

