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1. Introduction
In RAN4 meeting #57 held in Jacksonville [1] introduced the MPR scheme for contiguous allocation for CA bandwidth Class C. This contribution introduces a MPR scheme for non-contiguous allocations.
2. Discussion

2.1 Issues that affect to required MPR
Defining a MPR scheme for non-contiguous multi-cluster LTE transmission is challenging because there are many dimensions in the signal that affect the required back off. In Figure 1 we have illustrated some of the parameters that affect the MPR. For example a combination where both of the cluster are small in size and the distance between them is large is typically a situation where the interference to OOB or spurious emission region is substantial because the PSD of the IMD products is high and those spread relatively far away from the wanted signal. 
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Figure 1 Issues affecting MPR
2.2 Simulation campaign
During the simulation campaign a large set of allocation scenarios were simulated and appropriate MPR value was searched. Table 1 lists the parameter used in simulations and how many scenarios were simulated
· Ncluster means the number of cluster

· NL_CRB means the number of different L_CRB sizes used in simulations ranging from smallest possible to largest possible

· Nlocation means the number of RB_Start locations that were used
Table 1 Simulation scenarios

	CC bandwidths
	Ncluster
	NLCRB
	Nlocation
	Scenarios

	 10MHz+20MHz
	2
	11
	16
	4259

	 15MHz+15MHz
	2
	8
	16
	3886

	 20MHz+20MHz
	2
	10
	12
	3340

	 10MHz+20MHz
	3
	8
	8
	3948

	 15MHz+15MHz
	3
	6
	8
	3743

	 20MHz+20MHz
	3
	7
	8
	6092

	10MHz
	2
	8
	12
	1612

	 15MHz
	2
	10
	12
	2558

	 20MHz
	2
	11
	12
	3548

	 10MHz
	3
	6
	10
	3914

	 15MHz
	3
	7
	8
	4024

	 20MHz
	3
	7
	8
	3352


This is illustrated in the figure below with RB_Start plotted against L_CRB, with the first cluster shown with a blue x and the second shown in a green +.  The figure plots all allocations that were investigated for the case of two clusters in 20MHz+20MHz component carriers.  Note that for the narrowest allocation (single RB) there are twelve possible cluster locations evenly spread across the full allocation space.  For wider allocations, fewer locations are possible.  Note also that every non-overlapping combination of clusters represents a valid scenario, so taking the simplest case, the combination of RB_Start = 0 and L_CRB, = 100 for the first cluster (top-left), every allocation plotted in green on the right hand side of the figure can be combined with this to provide a valid scenario.  The total scenarios investigated in this case is 3340 as reported in the above table.
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Figure 2 Simulated scenarios

Simulation assumptions were as follows:

· PA operating point REL-8 20 MHz CC 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 for one fully allocated (100RB) carrier (LTE Rel-8 carrier) the reported UTRAACLR1 level was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101. Backoff and MPR values are referred to this PA operating point.

2.3 Method to define the MPR

What was found to be the best method for defining the MPR was the ratio of the sum of the allocated RBs divided by aggregated transmission bandwidth configuration i.e. NRB_alloc / NRB_agg.

NRB_alloc has not been specified yet but it refers to sum of active (transmitted) RBs when taking into account all clusters. The smaller the NRB_alloc  is the higher the PSD is on clusters. 

As an example we have an aggregated signal consisting of two 100 RB component carrier. CC1 has one RB allocation and the CC3 has 2 RB allocation so the NRB_alloc  = 3 hence NRB_alloc / NRB_agg = 3 / 200 = 0.015
In Figure 3 below we have plotted the required MPR for aggregated signal consisting of two 100 RB component carriers (QPSK) that is required for the UE to comply with all necessary requirements.
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Figure 3 NRB_alloc / NRB_agg vs. MPR
As can be seen from Figure 3 there are a lot of signals having a small NRB_alloc / NRB_agg ratio and not requiring a large MPR value. We must however keep in mind that in this simulation campaign we did not used in-band emissions requirement as a one of the targets to be met because it has not been agreed yet. 
Figure 4 presents a spectrum of intra-band CA UL signal where the CC1 allocation is RB_Start = 99 and L_CRB = 1 and CC2 allocation is RB_Start = 0 and L_CRB = 1. From there it can be seen that unless MPR is applied to UL allocations having small NRB_alloc / NRB_agg which do not produce interference to OOB or spurious region then severe in-band emissions interference occurs and other users in the cell are interfered. The in-band interference level in this particular case is higher than 25 dBc compared to wanted signal.
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Figure 4 In-band emission
2.4 Results for 2 Cluster / 2 CCs
In this chapter we present simulation results for signals consisting of two clusters in randomly selelcted positions (also such cases where the clusters are on the same CC were used).

Simulations were repeated with three different PA models. All simulated cases were able to comply with requlatory requiremetns with the proposed MPR scheme.
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Figure 5 Two Clusters / two CCs : 20 MHz/QPSK + 20 MHz/QPSK
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Figure 6 Two Clusters / two CCs : 15 MHz/QPSK + 15 MHz/QPSK
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Figure 7 Two Clusters / two CCs : 10 MHz/QPSK + 20 MHz/QPSK
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Figure 8 Two Clusters / two CCs : 20 MHz/16-QAM + 20 MHz/16-QAM
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Figure 9 Two Clusters / two CCs : 15 MHz/16-QAM + 15 MHz/16-QAM
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Figure 10 Two Clusters / two CCs : 10 MHz/16-QAM + 20 MHz/16-QAM
2.5 Results for 3 Cluster / 2 CCs

In this chapter we present simulation results for signals consisting of three clusters in randomly selelcted positions (also such cases where the clusters are on the same CC were used).

For some of the cases simulations were repeated with three different PA models for some cases only one PA model was used. There will be a revision of the paper consisting of the pending results. 
All simulated cases were able to comply sufficiently well with requlatory requiremetns with the proposed MPR scheme. Some cases where allocation ratio NRB_alloc / NRB_agg   > 0.5 the required MPR were a bit over 3 dB instead of proposed 3 dB. Further simulation will reveal whether there is a need to increase the amount of MPR to 4 dB in case of NRB_alloc / NRB_agg   > 0.5.
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Figure 11 Three clusters / two CCs : 20 MHz/QPSK + 20 MHz/QPSK
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Figure 12 Three clusters / two CCs : 15 MHz/QPSK + 15 MHz/QPSK
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Figure 13 Three clusters / two CCs : 10 MHz/QPSK + 20 MHz/QPSK
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Figure 14 Three clusters / two CCs : 20 MHz/16-QAM + 20 MHz/16-QAM
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Figure 15 Three clusters / two CCs : 15 MHz/16-QAM + 15 MHz/16-QAM
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Figure 16 Three clusters / two CCs : 10 MHz/16-QAM + 20 MHz/16-QAM
2.6 Results for 2 or 3 Cluster / 1 CCs

We have also simulated cases where there two or three cluster in single carrier. In those cases the RF requirement i.e. SEM, ACLR etc followed REL-8/9 requirements.

Plots can be found on appendix A.  Results showed that the MPR scheme can be extended to single carrier multi –cluster cases as well but the required MPR vs. NRB_alloc / NRB_agg   is different. Especially the three cluster 16-QAM cases required more MPR than corresponding CA cases. 
2.7 How to specify

In this chapter we present a way to capturing the MPR requirement for CA bandwidth Class C signals.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

BWChannel
Channel bandwidth

BWChannel_CA 
Aggregated channel bandwidth, expressed in MHz.
BWGB
Virtual guard band to facilitate transmitter (receiver) filtering above / below edge CCs.
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Transmitted energy per RE for reference symbols during the useful part of the symbol, i.e. excluding the cyclic prefix, (average power normalized to the subcarrier spacing) at the eNode B transmit antenna connector 
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The received energy per RE of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector 

F




Frequency

FInterferer (offset)
Frequency offset of the interferer 

FInterferer


Frequency of the interferer

FC
Frequency of the carrier centre frequency

FCA_low 
The centre frequency of the lowest carrier, expressed in MHz.

FCA_high 
The centre frequency of the highest carrier, expressed in MHz.

FDL_low
The lowest frequency of the downlink operating band

FDL_high
The highest frequency of the downlink operating band

FUL_low
The lowest frequency of the uplink operating band

FUL_high
The highest frequency of the uplink operating band 

Fedge_low 
The lower edge of aggregated channel bandwidth, expressed in MHz. 

Fedge_high 
The higher edge of aggregated channel bandwidth, expressed in MHz. 
Foffset 
Frequency offset from FC_high to the higher edge or FC_low to the lower edge.
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The power spectral density of the total input signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the UE antenna connector, including the own-cell downlink signal
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The total transmitted power spectral density of the own-cell downlink signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the eNode B transmit antenna connector 
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The total received power spectral density of the own-cell downlink signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the UE antenna connector
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The received power spectral density of the total noise and interference for a certain RE (average power obtained within the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector 

Ncp
Cyclic prefix length

NDL 
Downlink EARFCN
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The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector NOffs-DL 
Offset used for calculating downlink EARFCN

NOffs-UL 
Offset used for calculating uplink EARFCN
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The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing) simulating eNode B transmitter impairments as measured at the eNode B transmit antenna connector
NRB
Transmission bandwidth configuration, expressed in units of resource blocks 

NRB_agg
Aggregated Transmission Bandwidth Configuration. The number of aggregated RBs transmitted/received within the fully allocated Aggregated Channel Bandwidth
NRB_alloc
Total number of active resource blocks in aggregated UL allocation.
NUL 
Uplink EARFCN

Rav

Minimum average throughput per RB

PCMAX
The configured maximum UE output power.

PEMAX 
Maximum allowed UE output power signalled by higher layers. Same as IE P-Max, defined in [7].

PInterferer
Modulated mean power of the interferer

PPowerClass
PPowerClass is the nominal UE power (i.e., no tolerance).

PUMAX
The measured configured maximum UE output power.

ΔFOOB
Δ Frequency of Out Of Band emission.

6.2.3A
UE Maximum Output power for modulation / channel bandwidth for CA
For CA Bandwidth Class A (Table 5.6A-1), the requirements in Clause 6.2.3 apply.

For CA Bandwidth Class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 due to higher order modulation and contiguously aggregated active resource blocks is specified in Table 6.2.3A-1.
Table 6.2.3A-1: Maximum Power Reduction (MPR) for contiguously allocated active resource blocks 
	Modulation
	CA bandwidth Class C / NRB_alloc
	MPR (dB)

	
	50 RB / 100 RB
	75 RB / 75 RB
	100 RB / 100 RB
	

	QPSK
	12 < NRB_alloc ≤ 50
	16 < NRB_alloc ≤ 75
	18 < NRB_alloc ≤ 100
	≤ 1

	QPSK
	NRB_alloc > 50
	NRB_alloc > 75
	NRB_alloc > 100
	≤ 2

	16 QAM
	NRB_alloc ≤ 12
	NRB_alloc ≤ 16
	NRB_alloc ≤ 18
	≤ 1

	16 QAM
	12 < NRB_alloc ≤ 50
	16 < NRB_alloc ≤ 75
	18 < NRB_alloc ≤ 100
	≤ 2

	16 QAM
	NRB_alloc > 50
	NRB_alloc > 75
	NRB_alloc > 100
	≤ 3


The allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 due to higher order modulation and allocations where active resource blocks do not form a fully contiguous allocation is specified in Table 6.2.3A-2.

Table6.2.3A-2 Maximum Power Reduction (MPR) for non-contiguously allocated active resource blocks
	CA bandwidth Class C
NRB_alloc / NRB_agg
	MPR (dB)

	NRB_alloc / NRB_agg ≤ 0.25
	≤ 8

	0.25 < NRB_alloc / NRB_agg ≤ 0.5
	≤ 5

	NRB_alloc / NRB_agg > 0.5
	≤ 3


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.

3. Conclusion

In this contribution we have presented a way to specify the MPR for UL allocations that consist of multiple clusters. Method can be used for single and dual component carrier cases no matter how many clusters are being allocated. Suitability for cases where there are more than two component carriers needs further study.

In this contribution we are proposing to add MPR definition for CA bandwidth class C signals and leave the single carrier multi cluster MPR definition for later.
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Appendix A
Single carrier multi-cluster plots.
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