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1 Introduction
During RAN#58, a study item (SI) was initiated on Time-dilation UMTS [1]. The justification is that in UMTS FDD, only a 5 MHz channel bandwidth is defined, which may limit the deployment of UMTS when the available spectrum is less than 5 MHz or not a multiple of 5 MHz. An example of such a scenario is when frequency resources are re-farmed from legacy systems such as GSM. 
In the last meetings, RAN 1 has decided to consider the following scenarios:
The scenarios are

	Mode of Operation
	Bandwidth
	Comments
	Bands

	Standalone
	2.5Mhz (corresponds to N=2)
	Support for DCH shall be considered.
	Band VIII as the first band to consider

	Standalone
	1.25Mhz (corresponds to N=4)
	HSPA data only
	Band VIII as the first band to consider

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)

5 MHz+ 1.25 MHz (corresponds to N=4)
	6 MHz of contiguous band to consider first
	Band VIII as the first band to consider

	Standalone
	2.5Mhz (corresponds to N=2)
	To understand the impact of band
	Band I as the first band to consider


Additional scenarios that may be considered

	Mode of Operation
	Bandwidth
	Comments
	Bands

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)
	For example 3x5MHz + 1x2.5MHz in 15 MHz of band
	Band I as the first band to consider


It was agreed to study the following areas before concluding on coexistence.
· Agreed areas of study for Co-existence
· NodeB transmitter characteristics against the existing TS 25.104 (Standalone) and TS 37.104 (Multi-carrier)
· Metric: ACLR, UEM

· Scenarios: Multi-carrier and Standalone 

· UE transmitter characteristics against the existing TS 25.101

· Metric: ACLR, SEM

· Scenarios: Standalone 

· NodeB receiver blocking compared to the existing TS 25.104 (Standalone) and TS 37.104 (Multi-carrier)

· Metric:

· Band I: ACS and in-band blocking

· Band VIII: ACS, in-band blocking and narrow band blocking

· Scenarios: Standalone 

· UE receiver blocking compared to the existing TS25.101

· Metric

· Band I: ACS and in-band blocking

· Band VIII: ACS, in-band blocking and narrow band blocking

· Scenarios: Multi-carrier and Standalone 
Under the following assumptions
· PSD: Same PSD, Same Power, Other PSD
· PA for multi-carrier BS: A common PA, separate PAs 
· BS: Wide area BS
· Multi-carrier BW assumption

· Nominal spacing

· 6 MHz

· Note that the following assumptions are considered in RAN 1 for the analysis:

· The distance from the center carrier frequency to the band edge should be at least 2.5 MHz for legacy UMTS carriers and 2.5/N MHz for 5/N MHz S-UMTS carriers.

· A 5 MHz nominal bandwidth shall be considered for legacy UMTS

· For the 3.84/N Mcps carrier, a 5/N MHz bandwidth is assumed. The carrier separation depends on the specific scenario.

In this contribution we discuss the BS emission limits.
2 Discussion on BS emission limits

A key aspect that need to be discussed in RAN 4 is the BS emission limit in case of Time-dilation UMTS compared the emissions in case of legacy UMTS. The existing requirements in 25.104 and 37.104 can be considered as a starting point.
The requirement in 25.104 is shown by this plot:
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Figure 1: Spectrum emission mask

A certain emission limit is required starting from the edge of the channel bandwidth i.e. 2.5MHz, i.e. (f is equal to 2.5MHz plus the separation between the RF bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the RF bandwidth edge.
The first point that RAN 4 has to discuss is whether the legacy UTRA spectrum emission mask is applicable or whether a new spectrum emission mask needs to be defined for Time-dilation UMTS. The specified SEM needs to ensure:

· Compliance with regulations

· Not introducing more interference than legacy UMTS

In order to assess this we provide in the following the comparison between the realistic UEM of a legacy UMTS carrier compared with the emissions of S-UMTS for 2.5MHz and 1.25MHz. This is shown in Figures 2-7. Figures 3, 5 and 7 represent a zoom of the interesting area.

All the plots are provided for 43dBm BS maximum output power.
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Figure 2. Legacy UMTS
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Figure 3. Zoom of legacy UMTS
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Figure 4. Time-dilation UMTS for 2.5MHz.
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Figure 5. Zoom of Time-dilation UMTS with 2.5MHz

        
[image: image6]
Figure 6. Time-dilation UMTS for 1.25MHz
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Figure 7. Zoom of Time-dilation UMTS for 1.25MHz

From this figures it is clear that close to the block edge the margins are considerably reduced when passing from 5MHz legacy carrier to 2.5MHz or 1.25MHz Time-dilation UMTS carrier. 
Hence, it is clear that the same SEM as defined for the legacy UMTS carrier can not be fully reused and would require further investigation.

The SEM investigation in this paper concerns the stand-alone carrier and other implications might appear for multi-RAT cases when legacy UMTS and time-dilation UMTS carriers are combined in various combinations. 

Observation 1: the same SEM as defined for the legacy UMTS carrier can not be fully reused.

This is acknowledged by the E-UTRA specification for which different masks are defined depending on the channel bandwidth. This is shown in Figure 8.
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Figure 8. SEM in 36.104 for E-UTRA 1.4MHz, 3MHz and >=5MHz.
In 37.104 different requirements are present depending on the band categories

The following is an extract of the 37.104 which provides the diffent Foffset, RAT for different RAT and different band categories.

===========================================================
4.5.1
Band category 1 aspects (BC1)

BC1 requirements for receiver and transmitter shall apply with a frequency offset from the lowest and highest carriers to the RF bandwidth edges (Foffset, RAT) as defined in Table 4.5.1-1.

Table 4.5.1-1:  Foffset, RAT for Band Category 1

	RAT
	Foffset, RAT

	1.4, 3 MHz E-UTRA
	BWChannel/2 + 200 kHz

	5, 10, 15, 20 MHz E-UTRA
	BWChannel/2

	UTRA FDD
	2.5 MHz


4.5.2
Band category 2 aspects (BC2)

BC2 requirements for receiver and transmitter shall apply with a frequency offset from the lowest and highest carriers to the RF bandwidth edges (Foffset, RAT) as defined in Table 4.5.2-1. 

Table 4.5.2-1:  Foffset, RAT for Band Category 2

	RAT
	Foffset, RAT

	E-UTRA
	BWChannel/2 

	UTRA FDD
	2.5 MHz

	GSM/EDGE
	200 kHz


===========================================================
In the MSR specification the presence of the additional guard band introduced in BC 1 acknowledges the fact that fulfilling the same emission limits requirement for small bandwidth as those defined for large (>=5MHz) channel bandwidth may be challenging. 

As it can be seen, in the MSR specification there are two approaches, for BC 1 an extra guard band is introduced in order to avoid too large emissions and interference due to small bandwidth carriers to other systems.

For BC 2 this extra guard band is not considered but the requirements for the first 150KHz are relaxed. In fact in this case, the unwanted emission limits defined for the first 150KHz outside the block edge, for operation with GSM/EDGE or E-UTRA 1.4 or 3 MHz carriers adjacent to the RF bandwidth edge is shown in figure 9.
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Figure 9. UEM comparison for Delta f < 150KHz
From the figure above 2-7 it seems that the relaxation applied to the first 150KHz in BC2 is not enough in order to allow for sufficient margins (similar to legacy UMTS carrier). 

Observation 2:

The following two options can be discussed for the definition of the Time-dilation UMTS UEM :

Option 1. New UEM with relaxations of the first TBDMHz wrt to the legacy UMTS UEM needs to be defined for Time-dilation UMTS. However this may lead to lead to a considerable amount of work in terms of coexistence. Regulatory and co-existence aspects need to be considered.
Option 2. Consider the introduction of a guard band as done for BC1 (BC3) for Time-dilation UMTS. However the value of the guard band needs to be studied further (>=200KHz). 

It is noted that discussions are also on going in the context of UEM applicable for E-UTRA carrier aggregation when small bandwidths are close to the edge. The proposal by several companies in this context (see [2,3]) is to follow BC1/BC3 methodology and apply a guard band of 200KHz for intra-band contiguous carrier aggregation for narrow carriers.

Under Time-dilation UMTS one of the main scenario corresponds to the aggregation of a legacy UMTS carrier together with a Time-dilation UMTS carrier in 6MHz spectrum. This is equivalent to the intra-band contiguous carrier aggregation for narrow carriers in E-UTRA specification when 1 carrier if >=5MHz and one carrier if 1.4MHz or 3MHz. 
Under Time-dilation UMTS the multi-RAT configurations are of special nature as they assume, according to the agreed scenarios, squeezing of the Time-dilation UMTS and UMTS carrier(s) which in turn increases the inter-carrier interference and the cumulative emissions due to a multi-RAT configuration can be higher than a legacy multicarrier configuration. In [4] it was shown that in order to maintain the same SNR between the UMTS and the Time-dilation UMTS carrier the power level of the Time-dilation UMTS carrier has to be raised by a certain amount. This may be non negligible depending on the configurations. This may also lead to the conclusion that higher total power is needed for Time-dilation UMTS compared to the legacy UMTS carrier which needs to be discussed further when introducing new UEM. 
Observation 3:

As for E-UTRA, it is foreseen that UEM should be defined also for the multi-RAT scenarios. It seems beneficial to follow the same approach as for the E-UTRA carrier aggregation scenarios, i.e. introducing a guard band. However the value of the guard band needs to be studied further (>200KHz). The output power level for muti-RAT configurations needs further discussion.
The Foffset,RAT for Time-dilation UMTS could be defined as follows:
	Time-dilation UMTS BWchannel
	Foffset, RAT 

	1.25, 2.5 MHz 
	BWChannel/2 + FFS kHz


FFS>=200KHz could be considered as a starting point.

It may be noted that the introduction of a guard band may have implications on the possible deployment scenarios and on system level simulations gains, as the introduction of an additional guard band forces additional squeezing between UMTS and Time-dilation UMTS carrier which need to be taken into account when evaluating the benefits of the feature. This is shown in Figure 10 for the scenario in band VIII.

[image: image10]
Figure 10. Introduction of a guard band.

Observation 4: 
Considering the very stringent time budget for the SI, it is proposed to liaise back to RAN 1 asap to inform them about this increase in terms of overlapping due to additional guard bands needed in order to fulfil the unwanted emission mask. Also the minimum carrier spacing for multi-RAT cases should be defined depending on the scenarios.
3 Conclusions

In this contribution we discussed BS emissions. The following observations have been done.
Observation 1: the same SEM as defined for the legacy UMTS carrier can not be fully reused.

Observation 2:

The following two options can be discussed for the definition of the Time-dilation UMTS UEM :

Option 1. New UEM with relaxations of the first TBDMHz wrt to the legacy UMTS UEM needs to be defined for Time-dilation UMTS. However this may lead to lead to a considerable amount of work in terms of coexistence. Regulatory and co-existence aspects need to be considered.
Option 2. Consider the introduction of a guard band as done for BC1 (BC3) for Time-dilation UMTS. However the value of the guard band needs to be studied further (>=200KHz). 

Observation 3:

As for E-UTRA, it is foreseen that UEM should be defined also for the multi-RAT scenarios. It seems beneficial to follow the same approach as for the E-UTRA carrier aggregation scenarios, i.e. introducing a guard band. However the value of the guard band needs to be studied further (>200KHz). The output power level for muti-RAT configurations needs further discussion.
Observation 4: 

Considering the very stringent time budget for the SI, it is proposed to liaise back to RAN 1 asap to inform them about this increase in terms of overlapping due to additional guard bands needed in order to fulfil the unwanted emission mask. Also the minimum carrier spacing for multi-RAT cases should be defined depending on the scenarios.
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