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1 Introduction
During RAN#58, a study item (SI) was initiated on scalable 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. 
The objectives of the study are:

Identify the target scenarios for scalable bandwidth support in UMTS, including suitable bands, channel bandwidths (less than 5MHz), multi-carrier combinations, type of services to be supported (e.g. voice, voice and data, data only)

· Identify single carrier deployment scenarios 

· Identify multiple carrier deployment scenarios

· Identify applicable bandwidth options for available channel bandwidth in different target scenarios

RAN 4 has received an LS from RAN 1 in [2] on S-UMTS which contains an updated list of possible deployments which are under consideration in RAN 1.
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


In this contribution we discuss the following topics:
- The use cases which need to be considered for the analysis in RAN 4.

- The hypothesis which need to be taken into account in the study

- The type of analysis which is needed for the SI

- Some initial results on emissions and interference

2 Discussion
2.1 Scenarios

RAN 1 has prioritized certain scenarios for their evaluation which can be considered as a subset of all the possible deployment cases which can happen in real network. This approach can be considered in order to understand the potential gains of the feature during the study item in RAN 1. In RAN 4 however, the situation is different as RAN 4 has to ensure that the specification is sufficiently flexible to account for several possible future deployment in different regions by different operators. As an example in LTE several bandwidth were introduced in a flexible manner in order to cope with possible different use case, spectrum availability from several operators. The same approach should be considered here in order to ensure that scalable UMTS is a future proof feature. This avoids also introducing a feature in 3GPP specifications which could be useful in a limited set of scenarios.

Documents [3-5] mention some use cases and the channel bandwidth which can be considered. And the conclusion in [5] is that only a very limited subset of integer fractions of 5MHz should be considered. However, if we look at the fragmentation of the spectrum availability for all the operators, as shown in Figure 1, it is clear that this conclusion can not be done. Figure 1 represents the spectrum availability from over 200 operators in terms of block size for band VIII. 
If we consider this feature as a potential new radio access technology which can be used to allow for a better usage of the spectrum available today, it is clear that care should be taken when restricting drastically the feature to very few nominal bandwidth. This approach will not allow better usage of the fragmented spectrum but will be beneficial only in very special deployment scenarios.
As an example Figure 1 shows that there are ~32% of block sizes whose length is lower than  5MHz and ~25% with less than 3.84MHz.

In particular between 1MHz and 3.84Mhz there is almost equal probability for all the spectrum blocks. 
In order to cover possible deployment cases the following is proposed:

Proposal 1:
Consider the following approach in terms of S-UMTS nominal bandwidths:
Nominal bandwidth = 
5 MHz/N+x where value of x should be further discussed (as example 1MHz, 2.5MHz, 3MHz could be also considered).
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Figure 1. Block sizes available considering over 200 operators for band VIII. 
2.2 Discussion on coexistence
In RAN 4 66bis document [6] showed that under special conditions such as 
· The nominal bandwidth is an integer fraction of the legacy UMTS carrier 

· PSD for S-UMTS is maintained same as UMTS (power is scaled by N)

· Roll off factor is maintained the same (0.22)

· The distance between the carrier and the edge of the block is 2.5MHz/N

the emissions of S-UMTS outside the nominal bandwidth is comparable wrt UMTS. 

However, several companies were concerned about the assumptions used, e.g. not taking into account the clipping, the Digital Pre-Distortion, PA model which may have significant impact on the conclusions.  

Indeed practical aspects should be taken into account when providing proper coexistence analysis. As an example when small LTE bandwidth were considered some practical aspects were raised which required somehow more relaxed specifications for 1.4MHz. It is acknowledged that it may be difficult to properly model these aspects in a simulator and realistic implementation will need to be taken into account when real requirements will need to be developed. 

It should be noted that RAN 4 has not yet conducted any feasibility study and hence it is difficult to conclude on the real impact on particular requirements. Instead a qualitative analysis on whether a requirement will be impacted by the introduction of Scalable UMTS can be addressed as done in [7].
Proposal 2. 

It is proposed to capture in the TR that the analysis of coexistence/emission limits of S-UMTS during the study item is provided by considering non realistic implementation and that issues related to practical implementation are not considered.     
2.2.1 Emissions
In this section we provide a preliminary analysis of the emission levels of S-UMTS. The following is considered:

· Nominal bandwidth equal to 2.5MHz (for easiness of computation due to time constraints). Note that in the next meeting more analysis for the other cases will be provided. 

· The total power of the legacy UMTS is P. The PSD of S-UMTS is the same as for UMTS, i.e. the total S-UMTS is P/N.

· The same roll-off factor is considered as for legacy UMTS case.

The emissions of UMTS and S-UMTS are studied as a function of the nominal bandwidth (i.e. as a function of the distance between the carrier centre frequency and the block edge).

Figure 2 shows the damping of RoT as a function of the carrier spacing when an ideal RRC is considered for ‘BN IM’ where B means the victim carrier, N indicates the scaling factor and I indicates the aggressor carrier and M is its scaling factor, i.e. B1 I1 is the legacy case when a 5MHz UMTS carrier interferes with a 5MHz UMTS carrier. Of course the use of an ideal RRC does not capture practical design aspects, however non ideal RRC filters mainly affect the interference level in the range e.g. 4.5-5MHz for B1 I1 case for example. In reality the interference would be higher in this region and would flatten because of side lobes of practical RRC implementation. However it still allows to asses the interference rise depending on the carrier spacing for cases which are away from the asymptote.
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Figure 2. Dumping of RoT vs carrier separation.
When we consider a scenario as shown in Figure 3 the carrier separation is 2.25MHz. If we consider the curve B2 I1 the interference level due to UMTS carrier into the Scalable UMTS carrier will be equal to -5dB, and if we consider B1 I2 the interference dumping is -7.5dB. Note that in this case the power of UMTS = 1 and the power of Scalable UMTS is 1/N.

[image: image3]
Figure 3. 6MHz scenario.

It is clear that the presence of the UMTS carrier introduces significant interference on the S-UMTS carrier (-5dB) compared to negligible interference in case of nominal distance between different carriers.
In the following we compare the left end side of figure 4 and in the right end side of figure 4 with equal target SINR. 


[image: image4]
Figure 4. Comparison: legacy UMTS and 6MHz scenario.

The SINR achieved when considering the legacy UMTS carrier (which in the worst case is located at the edge of the block) is SINRlegacy=G=P/N0 =1/N0 . In case of S-UMTS the SINR will be SINRscalable=P1/(N0/N+I) =  where I is the interference due to the presence of UMTS squeezed with S-UMTS and P1 is the power used for Scalable-UMTS.
In order to make sure that UMTS and Scalable-UMTS achieve the same SINR conditions P1= P/N+ I/N0, i.e. the power of the Scalable-UMTS carrier should be raised in order to compensate for the increased interference.

Hence, when comparing the systems at fixed (scaled) capacity (fixed SINR) the crucial assumption of keeping the same PSD for Scalable UMTS does not seem to be appropriate.

If the same PSD assumption is not maintained additional analysis is needed in order to understand up to which level the emissions of Scalable UMTS are still comparable with those of UMTS.

From the above curve, if we consider  S-UMTS with N=2 as wanted signal and UMTS carrier as the interfering carrier, B2 I1 in the figure, squeezed in 6MHz (i.e. carrier spacing equal to 2.25MHz), the interference level is -5dB.
In order to achieve the same SINR as for legacy Figure 5 shows the power increase which is needed for S-UMTS for N=2 (P1 = 1/N(1+I*G*N )).
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Figure 5. Power increase in dB (1+I*G*N) for I=-5dB, N=2 as a function of G
At very low SNR (0dB) the increase in terms of power is limited ~2dB, at high SNR (15dB) the increase in terms of power for Scalable UMTS is ~13dB.

Similar analysis can be conducted for other cases.
In conclusion it seems that the same PSD assumption is not applicable in all the cases. For the cases when the same PSD assumption is not acceptable new analysis is needed in order to compare emission limits with legacy UMTS carriers. 

However it is important to notice that the presence of Scalable UMTS creates a (large in certain conditions) amount of interference on the legacy UMTS carrier which limits its achievable capacity, i.e. the performance of the legacy carrier can be largely affected by this increased interference level. This aspect should be carefully analyzed.

2.2.2 General considerations on coexistence

In general coexistence analysis should be run for both uncoordinated systems and coordinated systems.
We consider the following  cases:

Case 1. Coordinated deployment where Scalable UMTS carrier coexists with another UMTS carrier or an other GSM carrier. Under this condition we need to understand the minimum spacing between the carriers to avoid too large degradation on existing UMTS and GSM carriers and system (even if they are deployed in a coordinated manner). In case of UMTS/S-UMTS, it is essential to capture the impact on legacy UMTS carrier due to various mechanism e.g. inter carrier leakage considering the possible spacing. Coexistance analysis should include at least the following cases 
· 1. S-UMTS BS aggressor and WCDMA UE victim for different carrier spacing.  Thanks to this we can understand what is the limitation in terms of impact on legacy UEs due to squeezed deployment.
· 2. WCDMA BS aggressor and S-UMTS UE victim for different carrier spacing. Thanks to this we can understand whether there is the need to introduce more stringent requirements for legacy WCDMA to protect new S-UMTS deployment to avoid too large saturation of the performance because of interference.
· 3. S-UMTS UE aggressor and WCDMA BS victim. Thanks to this we can understand what is the impact on a legacy BS. In this case, since there is no carrier aggregation scenario (i.e. S-UMTS in uplink is only considered in case of standalone carrier) the distance between the S-UMTS and the WCDMA center frequency is 2.5+5MHz/N. If Proposal 1 is accepted probably this case can be considered as lower priority by assuming that, under certain hypothesis, and without considering potential issues due to practical constraints the emissions of S-UMTS are comparable to that of UMTS.
· 4. WCDMA UE aggressor and S-UMTS BS victim: thanks to this we can understand whether there is the need to have more stringent requirements for the UE in order to protect S-UMTS deployments.
· 5. S-UMTS BS aggressor and GSM UE victim, wrt the distance between the S-UMTS carrier frequency and the center frequency of the first GSM carrier closer to S-UMTS. This will allow understanding the impact on legacy GSM UEs. 
· 6. 
GSM BS aggressor and S-UMTS UE victim. Same as per point 2
· 7.
S-UMTS UE aggressor and GSM BS victim. Same as per point 3
· 8. 
GSM UE aggressor and S-UMTS BS victim. Same as per point 4
· 9.
S-UMTS BS aggressor and LTE UE victim. Same as per point 1
· 10.
LTE BS aggressor and S-UMTS UE victim. Same as per point 2
· 11.
S-UMTS UE aggressor and LTE BS victim. Same as per point 3
· 12.
LTE UE aggressor and S-UMTS BS victim. Same as per point 4
In the following we call this study compatibility analysis of Scalable UMTS vs other RAT.
Case 2. Uncoordinated deployment where S-UMTS coexists with an other uncoordinated RAT.  Under this condition we need to understand the minimum spacing between the carrier to avoid too large degradation on existing system (note that in an uncoordinated system there is possible large difference in path loss). Coexistence analysis should include at least the same type of studies as per case 1.
While the uncoordinated system is more demanding because of possible very large power difference between the carriers the coordinated system can provide insight of the impact of Scalable UMTS on other legacy carriers deployed together with Scalable UMTS. 

Hence we propose to consider analysis for both the cases. In the rest of the paper we address some aspects of the compatibility analysis.
2.2.3 Compatibility

The crucial aspect is to have an appropriate model of Scalable UMTS. Simulation assumptions need to be aligned among different companies to avoid large spread in the results. In principle the performance should be provided in terms of capacity loss vs ACIR (ACIR=1/(ACLR-1+ACS-1)).  These results should be obtained via appropriate system level simulations which take into account the cell layout, the antenna pattern, the UE location in the cell with equal capacity maintained in the cell for S-UMTS and UMTS.
Document [4] mentioned a deployment scenario of interest which can be considered together with other cases (2800m ISD and co-ordinated deployment of S-UMTS with GSM).
However, some initial qualitative discussion can be provided without system level simulations but via a pseudo analytical approach.  

UE WCDMA is the victim and Scalable UMTS is the aggressor:
If we consider SNR=10dB, the power increase needed for Scalable UMTS is ~8.5dB (Figure 5), the Interference dumping is -7.5dB (from Figure 2) by considering the above figures.

The SINRUMTS = P/(N0+I). In order to compute the interference level applicable in this case we should scale the curve B1 I2 in Figure 2 up according to the power scaling factor provided in Figure 5, I = 8.5 -7.5 =1dB. Hence,

SINRUMTS = P/(N0+I) = G/(1+G*I) 

The UMTS SINR is reduced by a factor DeltaSINR = (1+G*I). When G=10dB, I=1dB this term is 
DeltaSINR = (1+G*I) = 11.3dB. 
Hence the legacy UMTS carrier looses a large fraction of its SNR due to the interference rise of S-UMTS carrier.
When the same PSD assumption can be considered as a valid assumption the impact of UMTS is lower, i.e.

DeltaSINR = (1+G*I) = 4.5dB.
This degradation is still not negligible. Figure 6 shows the term DeltaSINR vs G.
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Figure 6. DeltaSINR vs G for same PSD assumption.

It seems important that this information is conveyed to RAN 1. RAN 1 should carefully analyze the impact of Scalable UMTS to legacy system such as UMTS in both the cases when same PSD assumption can and can not be assumed. Initial analysis shows that the loss in SINR due to the presence of S-UMTS is not negligible for the cases when the same PSD is maintained and it large for the cases when different PSD is assumed. This will have large negative impact on legacy UEs.
UE S-UMTS victim
It is important also to understand during the study item the capacity loss of S-UMTS vs ACIR when a WCDMA interferes an Scalable-UMTS carrier. In order to do so we propose to consider the following two cases.

Case 1. No WCDMA interference on  S-UMTS, the capacity of S-UMTS is computed
Case 2. WCDMA aggressor BS emitted power is P, S-UMTS BS emits P1 =P*(/N. SNRS-UMTS = P1/N0. The capacity loss of the S-UMTS is computed as a function of the ACIR.
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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And
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Figure7. ACIR* 
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 for different N as a function of SNR S-UMTS.
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Figure. Capacity loss vs ACIR* 
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 for SNR=25dB.
This has to be valid independently from the carrier separation.

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 will need to be taken into account. This aspect requires further/more accurate study. 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 S-UMTS.

3 Conclusions
In this contribution we discuss the following topics:

- The use cases which need to be considered for the analysis in RAN 4.

- The hypothesis which need to be taken into account in the study

- The type of analysis which is needed for the SI

- Some initial results on emissions and interference

Proposal 1:

Consider the following approach in terms of S-UMTS nominal bandwidths:

Nominal bandwidth =  

5 MHz/N+x where value of x should be further discussed.
Proposal 2. 

It is proposed to capture in the TR that the analysis of coexistence/emission limits of S-UMTS during the study item is provided by considering non realistic implementation and that issues related to practical implementation are not considered.     

Observation 1:

It seems important that the information about the potential impact of Scalable UMTS on legac UMTS carrier is conveyed to RAN 1. RAN 1 should carefully analyze the impact of Scalable UMTS to legacy system such as UMTS in both the cases when same PSD assumption can and can not be assumed. Initial analysis shows that the loss in SINR due to the presence of S-UMTS is not negligible for the cases when the same PSD is maintained and it large for the cases when different PSD is assumed. This will have large negative impact on legacy UEs.

4 References
[1]
RP-122017
Study on Scalable UMTS
[2]
R1-131701, 
“LS on updated S-UMTS scenarios”, RAN 1
[3]
R1-131192,
“Considerations on scalable UMTS scenarios”, China Unicom

[4]
R4-131625,
“Target Scenarios for scalable UMTS”, Vodafone Group

[5]
R4-131657,
“Scenarios for Scalable UMTS”, Qualcomm Incorporated
[6]
R4-131834, “Multi-carrier S-UMTS performance and coexistence”, Qualcomm Incorporated
[7] 
R4-132830, “TP for TR 25.701 v 0.1.0 [TP to capture the impact of S-UMTS on specifications]” Ericsson, ST-Ericsson
6 MHz











S-UMTS











UMTS























6 MHz











6 MHz





S-UMTS





UMTS











UMTS








_1429652463.unknown

_1429652498.unknown

_1429652530.unknown

_1429652575.unknown

_1429652505.unknown

_1429652488.unknown

_1429652200.unknown

