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1. Introduction

In RAN 4 meeting #60bis [1] presented studies for required A-MPR for multi-cluster transmission for Band41 carrier aggregation. And [2], [3] presented simulation results of CA_41C A-MPR results for contiguous allocation. In order to enable no A-MPR when a small allocation is provided in the region far away from the channel edge, a proposal of region based A-MPR approach [4] for CA_41C was discussed in RAN4#61. 

Extensive simulations have been conducted to verify the proposed B41_C region-based A-MPR approach for contiguous allocation [5]. This contribution proposes to capture the region-based B41_C A-MPR approach for contiguous allocation, and A-MPR tables derived from simulation results in [5] into the section 5.3.4.1 of LTE-A CA in Band41 WI TR.

2. Discussion

2.1  Simulation of Region based A-MPR for contiguously allocated CA_41C
As shown in the simulation results presented in [5], it is confirmed that no back-off is required for allocation in Region B and also that allocation in region B can be across carriers without incurring back-off.  The fact that region B can be defined across carriers further simplifies the A-MPR table, as Region Bchannel(2) and Region Bchannel(2) , initially proposed in [4] based on theoretical analysis, collapse into one single Region B. Thus, the initial A-MPR Region for contiguously allocated CA_41C presented in Table 2 in [4] can be simplified as Table 1 below. 
Table 1 A-MPR Region for contiguously allocated CA_41C  

	Channel BW
	Bandwidth Combination
	Region A
	Region B
	Region C

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

	    34.85 MHz
	20 MHz + 15MHz
	0 - 49
	50 - 124
	125 - 174

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

	     29.9 MHz
	20 MHz + 10MHz
	0 - 44
	45 - 104
	105 - 149


Simulation assumptions were as follows:

· PA operating point: UTRAACLR1 = 33 dBc with Pout = 22 dBm

· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

PA operating point was set for each bandwidth so that with fully allocated carrier the reported UTRA ACLR1 level was 33 dB when 1 dB of MPR was applied.

A-MPR studies were performed against following requirements 

Table 2: Additional requirements for CA_41C
	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


In addition to SEM also the following limits were used.

· UTRAACLR1 = 33dB

· UTRAACLR2 = 36dB

· CA E-UTRAACRL = 30dB

· Spurious emissions limit was -30dBm with 1MHz measurement bandwidth
2.2 Proposed A-MPR Table

Simulation results presented in [5] show that the required A-MPR can be determined precisely for each unique pair of RB_start and L_CRB by tabulating every possible combination, where RB_start refers to the lowest RB index of transmitted resource blocks and L_CRB stands for the length of a contiguous resource block allocation. However, this would lead to unmanageably complicated A-MPR requirement tables, imposing unnecessary high cost for developing and testing CA_41C A-MPR requirement with only marginal performance gain. Thus, it is very desirable to capture the A-MPR requirements from simulation results into a very simple set of rules yet still preserving performance as much as possible. 
From the perspective of region based A-MPR approach, it can be observed based on simulation results that L_CRB plays a dominant role in determining A-MPR required in Region A and C, while  RB_start +  L_CRB plays a dominant role in determining A-MPR required in Region B. Therefore, instead of having complicated rules as a function of both RB_Start and L_CRB, we derive A-MPR requirement for Region A&C solely as a function of L_CRB and for Region B solely as a function of RB_start +  L_CRB. With the simplified rules, Table 3 gives the A-MPR requirements for contiguously allocated CA_41C.   
Table 3: Proposed A-MPR requirements for CA_41C Contiguous allocation
	CA Bandwidth Class C
	RB_Start
	L_CRB [RBs]
	RB_start1 +  L_CRB2 [RBs]
	A-MPR for QPSK [dB]
	A-MPR for 16QAM  [dB]

	50RB / 100 RB
	0 – 44 and 105 – 149
	>0
	n/a
	≤4dB
	≤4dB

	
	45 – 104
	n/a
	>105
	≤3dB
	≤4dB

	75 RB / 75 RB
	0 – 44 and 105 – 149
	>0
	n/a
	≤4dB
	≤4dB

	
	45 – 104
	n/a
	>105
	≤4dB
	≤4dB

	100 RB / 75 RB
	0 – 49 and 125 – 174
	>0
	n/a
	≤4dB
	≤4dB

	
	50 - 124
	n/a
	>125
	≤3dB
	≤4dB

	100 RB / 100 RB
	0 – 59 and 140 – 199
	>0
	n/a
	≤3dB
	≤4dB

	
	60– 139
	n/a
	>140
	≤3dB
	≤4dB

	Note
1                 RB_start indicates the lowest RB index of transmitted resource blocks

2                 L_CRB is the length of a contiguous resource block allocation

3                For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per  slot basis
4                For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Note that it is assumed that in order to maintain PUCCH link budget that over provisioning of PUCCH resources will be applied to enable the PUCCH allocations to fall into RBs where no A-MPR will be applied. The over provisioned PUCCH resources can be reused for PUSCH allocation to UEs where the application of an A-MPR is acceptable.
As shown in Table 3, the proposed A-MPR requirements are very simple, e.g. specifying a fixed A-MPR to be applied to any allocation falls into Region A and C regardless of the size of allocation. This definitely compromises the performance compared to the approach of optimizing A-MPR requirements depending on L_CRB in both Region A and C. But the intention is to keep A-MPR rule as simple as possible to minimize development and test cost, in consideration that performance loss can be minimized by allocating link budget limited UE in A-MPR free Region B whenever possible.  
It is worth noting that the A-MPR proposal for CA_41C contiguous RB allocation presented here is not to be added on top of general carrier aggregation MPR. Similar proposal has been done for multi-cluster A-MPR as combining MPR and A-MPR masks is difficult to take into account different break points. In short, the MPR and A-MPR are not additive for carrier aggregation, if UE is allowed to have A-MPR in CA mode the allowed maximum output power reduction defined solely in by A-MPR mask and will surpass MPR mask. 

4.
Conclusion

Based on an extensive simulation campaign, a proposal of A-MPR requirement for contiguous allocated RBs for B41_C was derived.  It is proposed to capture the outcome of this study into the TR for the WI by adopting the text proposal below.
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5.3.4.1
Contiguous RB transmission

<Text to be added>

The need for A-MPR with contiguous allocations was studied against following requirements in Table 5.3.2-1 for all allowed CC combinations, with:

· UTRAACLR1 = 33dB

· UTRAACLR2 = 36dB

· CA E-UTRAACRL = 30dB

· Spurious emissions limit was -30dBm with 1MHz measurement bandwidth
Simulation assumptions were as follows:

· PA operating point: UTRAACLR1 = 33 dBc with Pout = 22 dBm

· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

PA operating point was set so that with fully allocated carrier REL-8 20MHz carrier the reported UTRA ACLR1 level was 33 dB when 1 dB of MPR was applied.

Results from these simulations are shown in the figures below
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Figure 5.3.4.1-1: Required A-MPR for 50 + 100 RB, QPSK
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Figure 5.3.4.1-2: Required A-MPR for 50 + 100 RB, 16QAM
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Figure 5.3.4.1-3: Required A-MPR for 75 + 75 RB, QPSK
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Figure 5.3.4.1-4: Required A-MPR for 75 + 75 RB, 16QAM
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Figure 5.3.4.1-5: Required A-MPR for 75 + 100 RB, QPSK
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Figure 5.3.4.1-6: Required A-MPR for 75 + 100 RB, 16QAM
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Figure 5.3.4.1-7: Required A-MPR for 100 + 100 RB, QPSK
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Figure 5.3.4.1-8: Required A-MPR for 100 + 100 RB, 16QAM

Based on the simulation results presented from Figure 5.3.4.1-1 to Figure 5.3.4.1-8, the A-MPR requirements for contiguously allocated CA_41C is given in Table 5.3.4.1-1. 
Table 5.3.4.1-1: A-MPR requirements for contiguously allocated CA_41C configuration

	CA Bandwidth Class C
	RB_Start
	L_CRB [RBs]
	RB_start1 +  L_CRB2 [RBs]
	A-MPR for QPSK [dB]
	A-MPR for 16QAM  [dB]

	50RB / 100 RB
	0 – 44 and 105 – 149
	>0
	n/a
	≤4dB
	≤4dB

	
	45 – 104
	n/a
	>105
	≤3dB
	≤4dB

	75 RB / 75 RB
	0 – 44 and 105 – 149
	>0
	n/a
	≤4dB
	≤4dB

	
	45 – 104
	n/a
	>105
	≤4dB
	≤4dB

	100 RB / 75 RB
	0 – 49 and 125 – 174
	>0
	n/a
	≤4dB
	≤4dB

	
	50 - 124
	n/a
	>125
	≤3dB
	≤4dB

	100 RB / 100 RB
	0 – 59 and 140 – 199
	>0
	n/a
	≤3dB
	≤4dB

	
	60– 139
	n/a
	>140
	≤3dB
	≤4dB

	Note
1                 RB_start indicates the lowest RB index of transmitted resource blocks

2                 L_CRB is the length of a contiguous resource block allocation

3                For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per  slot basis
4                For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Note that it is assumed that in order to maintain PUCCH link budget that over provisioning of PUCCH resources will be applied to enable the PUCCH allocations to fall into RBs where no A-MPR will be applied. The over provisioned PUCCH resources can be reused for PUSCH allocation to UEs where the application of an A-MPR is acceptable.

For carrier aggregation the MPR and A-MPR are not additive, if UE is allowed to have A-MPR in CA mode the allowed maximum output power reduction defined solely in by A-MPR mask and will surpass MPR mask.
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