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Introduction

RAN 4 has discussed how the MPR and A-MPR should be defined for single carrier multi-cluster signals, for example in [1][2][3]. In RAN4 meeting it was discussed that in meeting #61 comppanies should concentrate to so call NS_01 bands. NS_01 band means a E-UTRA band which do not have additional regulatory requirements indicated with NS-signaling.
Discussion

So far the single CC multi-cluster MPR simulations for “NS_01 bands” have been concentrating for ACLR, SEM and general spurious emission requirements and the proposed MPR masks should enable UE to meet those requirements. However as the multi-cluster signal is very different in nature when it comes for generating interference we think that it is necessary to consider also UE to UE co-existence and self desense issues.
Co-existence with protected bands

If we take a look Fig 1 which has 2x1 RB multicluster transmissions with Tx power of 16 dBm i.e. 7 dB of MPR has been applied based on studies on [1] we can see that the interference power of the highest intermodulation peaks are almost – 20 dBm/1MHz. With 7 dB of MPR the UE can meet the ACLR, SEM and general spurious emission limits but it is evident that incase there exists a co-existence scenario where the protected band is close to agressor band and if the duplex-filter does not provide attenuation there will be problem to meet typical co-ex protection limits (-50 dBm/1 MHz or -57 dBm/6.25 kHz). 
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Figure 1 Two times 1 RB multicluster transmission on 10 MHz LTE carrier
In table 1 we have listed E-UTRA bands which have close in adjacent protected bands with either 0 or 2 MHz guard band. Apart from bands 7 and 38 where the emission requirement is -15.5 dBm/5 MHz it is evident that UE cannot meet these requirements as the duplex-filter cannot provide any attenuation. Therefore multi-cluster operation in certain carrier assignements in these bands would lead to violation of requlatory requirments even though the UE would use the “NS_01” multi-cluster MPR.
Table 1 E-UTRA bands which have close in Co-ex requirements
	E-UTRA Band
	Co-ex scenario
	Distance / [MHz]
	Requirement

	1
	Band 33
	0
	- 50 dBm / 1 MHz

	 
	Band 34
	0
	- 50 dBm / 1 MHz

	 
	Band 39
	0
	- 50 dBm / 1 MHz

	 
	PHS
	 
	 

	5
	Band 27
	2
	 

	 
	Public Safety
	2
	?

	7
	Band 38
	0
	-15.5 dBm / 5 MHz

	12
	DL only band 
716 MHz - 722 MHz
	0
	?

	13
	Public Safety DL
	2
	-57 dBm / 6.25 kHz

	14
	Public Safety UL
	1
	-35 dBm / 6.25 kHz

	17
	DL only band 
716 MHz - 722 MHz
	0
	?

	26
	Band 27
	2
	?

	33
	Band 1
	0
	- 50 dBm / 1 MHz

	38
	Band 7
	0
	-15.5 dBm / 5 MHz

	42
	Band 42
	0
	- 50 dBm / 1 MHz

	43
	Band 22 & 43
	0
	- 50 dBm / 1 MHz


Self desensitization
From UE to UE co-existence point of view own downlink is not problematic as duplex-filter will provides sufficient attenuation automatically for UE to meet the co-existence requirements. However the desensitization of own receiver can be problem as the filter attenuation is not sufficient to reduce the power of the intermodulation product to level which is not causing desensitization. This problem is similar for band 20 and NS_10, in that case the narrow single cluster allocation creating IMD with modulator image and LO was already sufficient to produce self-desensitization. Given that in mind it is easy to understand that multi-cluster Tx is much more challenging in this sense as both clusters can have equal power. 
In figure 1 we have drawn two arrows which indicate that 3rd order IMD products span the distance of three times the LTE channel bandwidth and 5th order IMD five times the bandwidth and so on. Hence the wider the maximum supported channels bandwidth of the E-UTRA band is the further the IMD will spread. In table 2 we have compared maximum supported channel bandwidth and UL-DL separation and calculated a maximum supported channel bandwidth / UL-DL separation ratio. From the table it can be seen that for most of the bands this ratio is below 5 meaning that 5th order IMD products will hit the UE own receive band and potentially desensitize the reception. Wheter desensitization happens dependes ans where the UL and DL allocations are exactly within the channels and what are the UL and DL allocation bandwidths. 
Table 2 E-UTRA bands which have potentially self-desensitization issue

	E-UTRA Band
	UL-DL Separation
	Max Supported CH BW
	UL-DL Separation /
max supported CH BW

	1
	190
	20
	9.50

	2
	80
	20
	4.00

	3
	95
	20
	4.75

	4
	400
	20
	20.00

	5
	45
	10
	4.50

	6
	45
	10
	4.50

	7
	120
	20
	6.00

	8
	45
	10
	4.50

	9
	95
	20
	4.75

	10
	400
	20
	20.00

	11
	48
	10
	4.80

	12
	30
	10
	3.00

	13
	-31
	10
	-3.10

	14
	-30
	10
	-3.00

	17
	30
	10
	3.00

	18
	45
	15
	3.00

	19
	45
	15
	3.00

	20
	-41
	20
	-2.05

	21
	48
	15
	3.20

	22
	100
	20
	5.00

	23
	180
	10
	18.00

	24
	-101.5
	10
	-10.15

	25
	80
	20
	4.00


How to address these issues in specification
As was discussed there will be co-existence and self-desensitization problems for certain E-UTRA bands. Co-existence is either regulatory of 3GPP defined. Regulatory based co-existence limits are mandatory and a mechanism to fullfill those must be established. Co-existence limits between 3GPP bands are not necessary regulatory and therefore subject to discussion although often requlatory bodies have adopted those (for example in Europe). From network performance point of view it would anyhow seem to be feasible to demand that also in case of multi-cluster transmission these limits must be obeyd. 
Self-desensitization seems to be a problem for most of the E-UTRA bands hence if there is a decision to develop a MPR solution to cancel the desensitization it would be applicable in majority of the bands. It would be however very difficult to develop a MPR scheme as the need for MPR dependens also on DL allocation. One pragmatic way forward could be to ignore the self-desensitization due to multi-cluster transmissions and rely the intelligent scheduling algoriths. The location of IMD product on DL can be easily calculated hence it would be possible to avoid DL scheduling on those locations. 

If both co-existence and self desensitization needs to taken into account based on discussion above then current “NS_01” simulations cover bands 4, 10, 23, 24 and 34. On the other hand band 23 has difficult co-ex with bands 25 and 2 and band 24 has co-ex with GPS and band 34 might have issues with band 1 so in the end it can be that only band 4 and 10 are applicaple to current “NS_01” simulations.
Bottom line there needs to be a mechanism in 36.101 to indicate which bands are ok to deploy single carrier  multi-cluster transmissions if “NS_01” MPR scheme is used.
Conclusion

In this contribution we have discussed co-exitense and self-desensitization problems relating to single carrier multi-cluster transmission.
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