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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 UE and BS receive requirements. However, no discussion took place so far on generic aspects such as UARFCN. This contribution addresses also this point. 
2 Discussion on UARFCN 
A WCDMA carrier is identified by its DL UARFCN, which identifies both the center frequency of the DL and the frequency band of the carrier. Uplink information is provided implicitly though the frequency band. 

The UARFCN is used extensively in mobility procedures, measurement setups, and secondary carrier identification in Multi-Carrier operation. It is used to identifying individual carriers and used in conjunction with the scrambling code for identifying individual cells. 

Time-dilated carriers with 1/2 or 1/4 of the chip rate of a normal carrier need to be distinguished from each other and from the normal carrier that has the same center frequency. This means the same UARFCN alone cannot be used for all cases. Several solutions are possible in RAN 4. However the solution chosen in RAN 4 may have implications on RAN 2.
RAN 4 will need at least to discuss the following aspects:
· How to capture possible new UARFCN for the Time-dilation UMTS carriers (i.e. whether new UARFCN or existing UARFCN needs to be considered). 

· Discuss whether the current UARFCN range is enough to cover all possible new entries (currently the UARFCN range is 0..16383. The largest reserved value to date is 10849 (from [25.101 v11.3.0])). 

· How to extend/modify the channel raster: Currently 25.101 specifies a channel raster of 200KHz. The channel raster is 200 kHz, for all bands which means that the center frequency must be an integer multiple of 200 kHz. With Time-dilation UMTS with channel bandwidth of 1.25MHz or 2.5MHz the channel raster needs to be modified in order to make sure that the new Time-dilation UMTS carriers can be located within the operator block. It is foreseen that new channel raster of 50KHz and 100KHz will be needed. In addition a number of additional centre frequencies may be specified which are shifted 25/50 kHz relative to the general raster (50KHz/100KHz). This can have implications on the implementation.
It should be noted that this aspect requires discussion, analysis and coordination with RAN 2 before concluding on the appropriate solution.

Proposal 1: Capture UARFCN issue in the TR, TP is proposed in [1]. Discussions with RAN 2 are needed on this aspect. 
3 Discussion on Time-dilation UMTS sensitivity 

An other aspects that need to be understood is the level of sensitivity of the Time-dilation UMTS system wrt to other RAT. In [2] it was shown that the S-UMTS system is more sensitive than legacy UMTS. The analysis can be found in [2] and it is also provided for convenience in the annex. 
The results 
The capacity loss of the S-UMTS is computed as a function of the ACIR, where ( is the power rise of Time-dilation UMTS.

Figure 1 shows the term ACIR (for delta=1) for N=2, 2.5 and 4 as a function of the SNRS-UMTS and for C=2% capacity loss (left end side) due to the presence of a WCDMA interferer. The right end side of the figure shows the capacity loss vs ACIR (Delta=1) for SNR=25dB.
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Figure1. ACIR* 
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 for different N as a function of SNR S-UMTS.(left end side). Capacity loss vs ACIR* 
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 for SNR=25dB. 

This analysis is not only used in standalone case in order to define BS/UE requirements but it can be used to define the minimum carrier spacing between Time-dilation UMTS carrier and legacy UMTS carrier. 

This analysis clearly has its limits due to the fact that an ideal capacity formula is considered. In reality system level simulations would take into account the position of the UE in the cell and would account for different geometry factor. 

However, from this simple analysis it can be seen that the narrower the bandwidth the most demanding is in terms of ACIR in order to achieve the same capacity loss. This conclusion may have on legacy RAT. In particular from this analysis it seems important to have deeper analysis to understand whether more stringent requirements for legacy systems are needed in order to protect narrowband systems such as Time-dilation UMTS. This may have implications on legacy systems. (Note also that the same analysis may be useful in order to define the minimum carrier spacing between carriers.)

Proposal 2: Consider capturing this potential impact in the TP for the TR. It is likely that the increase sensitivity of Time-dilation UMTS wrt ACIR requires more protection from Time-dilation UMTS systems itself and legacy RAT systems. 
4 Discussion on UE receiver and BS receiver requirements: ACS and blocking requirements
In general the requirements such that ACS and blocking are defined with interferers located at a certain offsets wrt the carrier frequency. The introduction of Time-dilation UMTS  may require the definition of new interferer types which corresponds to Time-dilation UMTS carrier with different nominal bandwidth. Additionally different carrier spacing should be considered compared to the legacy requirements.
The ACS is defined in 2 different cases with a UMTS modulated interferer located at 5MHz wrt to the center of the wanted carrier. In case of Time-dilation UMTS the same requirements will need to be defined for a Time-dilation UMTS wanted carrier with a Time-dilation UMTS modulated interferer located at an offset which is at least equal to the Time-dilation UMTS.  It will need to be discussed further whether the power levels of the interferers with respect to the wanted signal could be possibly reused. Additionally the characteristics of the Time-dilation  modulated interferer will need further discussion pending decisions in RAN 1. 

The requirement will need to be defined for all the Time-dilation UMTS bandwidth which will be introduced in the specifications based on realistic filters design. 

Whether or not to introduce ACS requirement for all the combinations of Time-dilation UMTS bandwidth for the wanted signal and the interference signal still need to be decided. It may be possible to limit the number of test cases as done in E-UTRA specification (ACS requirements for carrier bandwidth xMHz are defined only for an interferer xMHz wide). 

It should be noted that new requirement will need to be defined also for the multi-RAT scenario for configurations based on the aggregation of Time-dilation UMTS  and one or several UMTS carriers. The requirements will need to be defined for both the Time-dilation UMTS carrier and the UMTS carrier participating in the multi-RAT configuration. Multi-RAT configurations will be one of  the main use case and hence these configurations, as the configurations defined for other multu-carrier cases, such as 4C-HSDPA or 8C-HSDPA, should be covered by core requirements. 
The presence of a new narrowband system may require some discussions on whether to introduce new requirements for the legacy RAT in presence of this new Time-dilation UMTS interferer.

Legacy UE UMTS specification guarantees already certain minimum performance in presence of  a GMSK modulated signal under the narrowband blocking requirement. This test is defined by considering a wanted signal wich is 4dB or 31dB lower than the wanted signal in the ACS test and the interferer is a narrowband modulated interferer (mimicing GSM RAT) located at 2.8MHz offset wrt the center UMTS carrier frequency for band VIII. 
For the BS, TS 25.104 specifies a narrowband blocking requirements whose characteristics are similar to the narrowband blocking requirements for the UE. In addition specification 37.104 specifies general narrowband blocking requirements with a E-UTRA 1RB interfering signal applicable to all the bands, due to the presence of small E-UTRA bandwidth/allocations. 
The aim of the narrowband blocking requirement is to make sure that the legacy UMTS UE/BS can cope with a GSM-like interfering signal (for UTRA UEs UTRA BS) or a narrowband E-UTRA interfering signal (for multi-RAT BS) located very close to the wanted carrier. So far, this requirement is defined 

· For UTRA UE and UTRA BS, only for certain bands where GSM deployment is possible. In particular the requirement is defined for band II, IV, V, X, XXV, XXVI, III, VIII, XII, XIII, XIV. The offset and the power level is band specific. 

· For multi-RAT BS it is defined for all the bands (independently from the band).

In general this requirement is considered to be more demanding wrt to the legacy ACS test as it is recognized by the fact that in the MSR specification no ACS is considered (but only narrowband blocking requirement). Some discussions are needed on whether the same conclusion holds true also for Time-dilation UMTS modulated ACS interferer wrt to GSMK modulated interferer (or E-UTRA 1RB interferer), depending on the interferer power level and on the interferer offset.  

At least it is foreseen that new narrowband blocking requirements will need to be specfied for legacy UMTS system in all the bands where Time-dilation UMTS can be deployed with either Time-dilation UMTS modulated or CW or GMSK-like (or 1RB E-UTRA interferer). 
Proposal 3: It is important to capture in the TR the fact that legacy RAT technologies such as UTRA UEs and BS specifications will be affected by the introduction of Scalabe UMTS potentially by 

· The introduction of new Scalable-UMTS modulated interferers for the requirements which are based on WCDMA modulated interferer, such as ACS or in band blocking and

· The introduction of new narrowband blocking requirements in all the bands where Time-dilation UMTS can be deployed with either Time-dilation UMTS modulated or CW or GMSK-like (or 1RB E-UTRA interferer). 

5 Conclusions

In this contribution we discuss the following topics:

- Some generic aspects related to UARFCN

- BS receive requirements 

- The UE receive requirements 

The following proposals have been made.

Proposal 1: Capture UARFCN issue in the TR. Discussions with RAN 2 are needed on this aspect. 

Proposal 2: Consider capturing this potential impact in the TP for the TR. It is likely that the increase sensitivity of Time-dilation UMTS wrt ACIR requires more protection from Time-dilation UMTS systems itself and legacy RAT systems. 
Proposal 3: It is important to capture in the TR the fact that legacy RAT technologies such as UTRA UEs and BS specifications will be affected by the introduction of Scalabe UMTS potentially by 

· The introduction of new Scalable-UMTS modulated interferers for the requirements which are based on WCDMA modulated interferer, such as ACS or in band blocking and

· The introduction of new narrowband blocking requirements in all the bands where Time-dilation UMTS can be deployed with either Time-dilation UMTS modulated or CW or GMSK-like (or 1RB E-UTRA interferer). 
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Annex A: Derivation of Equations Section 4

An initial analysis can be conducted by considering the following ideal capacity computation 
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The ACIR is the ratio of the total emitted power of the aggressor (P) divided by the total interfering signal over the S-UMTS bandwidth due to WCDMA signal, considering the selectivity capability of the S-UMTS UE.

Figure 7 shows the term ACIR*
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 for N=2, 2.5 and 4 as a function of the SNRS-UMTS and for C=2% capacity loss.

From (CS-UMTS, no interference - CS-UMTS, interference) /CS-UMTS, no interference(C we obtain
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