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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. Introduction of a more efficient spectrum allocation can potentially allow deploying UMTS in such spectrally-constrained scenarios. 

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
Identify and evaluate the benefits and technical complexity of candidate solutions. For example, following solutions could be considered

· Solutions that reuse UMTS FDD radio access protocols and procedures as much as possible

· Solutions with light enhanced secondary carriers with scalable bandwidth (e.g. data-only, cross carrier scheduling, overhead reduction, separated data/control signalling)
When evaluating candidate solutions, the following aspects should be considered

· Spectral efficiency, including comparison relative to 5 MHz UMTS bandwidth

· Link efficiency, e.g. for voice and/or other target services 

· End user performance, including latency, average and cell-edge throughput
Analyze impacts on network side, UE side and specifications.
RAN 4 has received aLS from RAN 1 in [2] on S-UMTS where initial information on the RAN 1 progress and on initial candidate solution was provided. RAN 1 asked RAN 4 to provide initial information of possible coexistence impact and foreseen impact on the specification. This paper addresses the basic issues that RAN 4 has to discuss prior to study possible coexistence issues.
2 Scenarios

RAN 4 received the LS from RAN 1 in [2] on S-UMTS. Additionally the document attached in the RAN 1 LS mentioned the scenarios which were initially proposed.

a. Standalone S-UMTS: 3 legacy UMTS carrier + 1 S-UMTS carrier in 15MHz space in Band I.

b. Multicarrier S-UMTS: 1 legacy UMTS carrier + 1 S-UMTS carrier in 6MHz space in Band VIII.

Standalone case refers to the fact that the S-UMTS carrier is run independently for the possibly adjacent carriers and it has a corresponding S-UMTS uplink carrier scheduled.

Multicarrier case refers to the fact that the S-UMTS carrier is scheduled as a secondary carrier linked to a primary legacy carrier. Single uplink case anchored to the legacy UMTS carrier would be considered in this case.

However, during email discussions companies provided their view on other possible scenarios that would need to be prioritized. While the analysis in RAN 1 can be based on the current use case and under preliminary assumptions in terms of emission limits, RAN 4 work should be sufficiently general to take into account possible new future deployments and allow for several use case. 

In the following we provide a list of possible use case which may need to be taken into account in RAN 4, by considering also the discussions which happened in the RAN 1 email reflector.

1. Standalone S-UMTS:  

a. The S-UMTS carrier is scheduled within an operator block whose width is bigger than the nominal S-UMTS bandwidth and such that S-UMTS is deployed together with other RATs within the same operator block:  

I. A possible example has been highlighted by one operator in band VIII with S-UMTS deployed over 2.4MHz and GSM deployed over the remaining 3.6MHz.
II. An other possible use case was highlighted in the LS: 3 legacy UMTS carrier + 1 S-UMTS carrier in 15MHz space in Band I. S-UMTS could be deployed either over 2.5MHz or 1.25MHz
b. The S-UMTS carrier is scheduled within an operator block whose width is equal or bigger than the nominal S-UMTS bandwidth, i.e. S-UMTS is the only RAT deployed in the operator block:  

I. A possible example would be S-UMTS deployed in a frequency band where the operator own less than 5MHz spectrum (which may come from reuse of GSM spectrum).

2.  Multicarrier S-UMTS: 

a. The S-UMTS carrier is scheduled within an operator block whose width is bigger than the nominal S-UMTS bandwidth and such that S-UMTS is deployed together with other UTRA carriers within the same operator block:  

I. The use case was already highlighted in the LS as: 1 legacy UMTS carrier + 5/NMHz S-UMTS carrier in 6MHz space in Band VIII, with N=2 or N=4.
While RAN 1 has not finalized the conceptual work of S-UMTS one candidate solution is based on the assumption that the nominal legacy UMTS bandwidth is scaled by a factor N while the TTI is dilated by the same factor N.

Since no other candidate solutions are presented so far in the rest of the analysis we consider this as possible solution, other solutions are not precluded and depends on RAN1 progress and discussion.
RAN 1 has also requested to analyze the impact on the specifications and to analyze possible coexistence issue.

Paper [3,4,5] analyze the impact on RF core, RRM and UE performance requirements. It is proposed that information as such could be included in the TR.

Section 3 provides a summary of the specifications which can be affected, and in Section 4 consider some initial thoughts on discussions and issues which may impact the coexistence of S-UMTS with legacy systems. These aspects need to be addressed by RAN 4 during the study item phase. 

3 Affected specifications

Documents [3-5] addresses the details of the potential impact on the RAN 4 specifications such as 

· 25.104 BS core and performance requirements

· 25.101 UE core and performance requirements

· 25.133 RRM core and performance requirements
However there are also other specifications which may be affected by the introduction of S-UMTS. Here we list these specifications where the impact comes from RAN 4 discussions/related aspects.

· 37.104 MSR specification
· 37.141 MSR conformance specification
· 25.111 LMU

· 25.106 Repeater

· 25.113 EMC

· 25.141 BS conformance testing

· 25.144 UE/MS over the air performance requirements

Additionally some other RAN 4 specifications related to other RATs can be affected depending on the RAN 4 handling of S-UMTS 
· 36.104 because of coexistence of LTE with S-UMTS and because of possible new type of interferer 

· 36.101 UE core and performance requirements for LTE because of possible new type of interferer 

· 36.133 RRM core and performance requirements for LTE because of LTE UE measuring a S-UMTS carrier.
In addition, other specifications, not belonging to RAN 4 may also be affected as mentioned in [4].
· 25.331 because of possible new signaling required for measurement purposes 
· 36.331 because of possible new signaling required for measurement purposes
4 Discussion
During email discussion and in the LS from RAN 1 it is not clear what is the assumption on the nominal bandwidth for S-UMTS and for legacy UMTS: It was mentioned that the nominal bandwidth for legacy UMTS can be 5MHz, 4.8 or 4.2MHz and 5/N, 4.8/N, 4.2/NMHz for S-UMTS.

It is important to discriminate between the nominal bandwidth of S-UMTS wrt UMTS and the spectrum availability.

Nominal bandwidth means according to the specification the bandwidth such that below the lower and above the upper frequency limits the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power, i.e. the range of frequency such that contains 99% of the transmitted power. It seems clear that the nominal bandwidth for legacy UMTS is 5MHz as it is defined in the current specification Section 6.6.3 Spec 37.104. The vast majority of the UTRA deployments are based on the assumption that the nominal bandwidth is 5MHz. Few exceptions may exist where UTRA is deployed on smaller bandwidth; however these cases are neither addressed nor specified in 3GPP. Hence it is proposed here to consider 5MHz nominal bandwidth for legacy UMTS both as benchmark and for the cases such as Scenario 1.a.II and 2.a.I mentioned above. 

For S-UMTS it may be discussed further what is the best strategy to follow and how to consider the nominal bandwidth. 

In email discussion for example it was mentioned that one possibility would be to deploy or 2.5MHz or 1.25MHz squeezed together with a 5MHZ UMTS system in 6MHz spectrum (Scenario 1.a.I and 2.a.I).

Figure 1-3 show example of possible deployments as mentioned in the scenarios listed above.

Figure 1 is a representation of the Scenario 1.a.I where 2.5MHz S-UMTS is deployed in band VIII spectrum together with GSM deployed in 3.6MHz. 

Figure 2 shows the scenario 2.a.I where 2.5MHz or 1.25MHz S-UMTS is deployed together with a 5MHz legacy carrier in 6MHZ available spectrum. 
Figure 3 shows the scenario 1.b.I where a 2.5MHz S-UMTS carrier is deployed in less than 2.5MHz spectrum.

This use case can be motivated by observing the current spectrum situation and the possible future deployment scenario of S-UMTS. Some operators in fact may have the possibility in the future to reuse the GSM spectrum in order to deploy this new technology.  However most of the operators do not have 2.5MHz but only 2 or 2.1 MHz. 

Note that in the figures the neighbouring block is mentioned as “Other RAT”. This is only an example and other UTRA carriers or other S-UMTS carriers could be also deployed.


Figure 1. Representation of the Scenario 1.a.I.
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Figure 2. Representation of scenario 2.a.I.
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Figure 3. Representation of scenario 1.b.I.
Looking at these figures it seems clear that several options could be considered. If 5MHz/N nominal bandwidth is kept depending on the position of the S-UMTS carrier, in case A or B in Figure 1 and 2 the S-UMTS carrier may leak into other frequency blocks (other operator) or into other RAT degrading the performance of other systems. Case C in Figure 1 and 2 and Figure 3 show that if the nominal bandwidth is reduced in order to fit the use case (and depending on the limits which RAN 4 will specify) the impact on other adjacent carriers or other RATs could be reduced. 
For S-UMTS it may be discussed further what is the best strategy to follow: 
Case a. Consider the nominal bandwidth as 5MHz/N (i.e. scaled version of the legacy filter would be used in the analysis) and analyze the impact of S-UMTS vs other RATs (including UMTS and S-UMTS) and vice versa by considering the use cases mentioned above in terms of spectrum available for deploying S-UMTS and/or S-UMTS+UMTS (as for scenario 1.a.II). Depending on the scenario and of the position of the carriers and the distance between the carriers (how much the carriers are squeezed together), S-UMTS (or other RATs) would more or less affect other RAT (or S-UMTS), as shown in Figure 1-2-3. Analysis is needed to understand whether this is acceptable for all the other RATs for all possible configurations. 
Case b. Consider a nominal bandwidth which corresponds to the need of realistic deployments/use case, e.g. 2.4MHz or 2.1MHz or 1.2 or 1.05MHz or 1MHz. In order to down-select only certain possible bandwidth a careful review of the spectrum situation seems necessary.  It seems that at least 2.4, 2.1 and 1MHz is necessary. All the emission limits would then need to be re-evaluated and defined depending on the new nominal bandwidth.  

Note that these new carriers could be used also in a standalone scenario as the one described in 1.a.II. In this case even if S-UMTS nominal bandwidth is reduced compared to 5MHz/N there will always be a partial overlap between S-UMTS and legacy UMTS. This aspect needs to be taken into account when doing the analysis.  

Considering that RAN 4 should define requirements which represent generic possible deployment and which are future proof but on the other end which also correspond to realistic use case it is proposed to follow both case a AND case b.
Hence it is proposed that RAN 4 consider the following nominal bandwidths for S-UMTS:

BS-UMTS = (5MHz/N – x) where x = {0, 0.1, 0.2, 0.3, 0.4} at least, for N=2 and x={0, 0.05, 0.1, 0,15, 0.2, 0.25} at least, for N=4 by following a generic approach.  


· For x = 0 a feasibility study should be performed in order to understand whether the degradation of the performance of adjacent system due to the possible use case as mentioned above is acceptable. Note that the example provided when listing the scenarios should be considered as such and RAN 4 needs to study impact to other systems in a generic manner (e.g. wrt GSM, UTRA, E-UTRA). For example the coexistance of S-UMTS and other RATs can be studied as done in the past in terms of increased system outage for different amount of ACIR (adjacent channel interference ratio) depending on the carrier spacing. RAN 4 and GERAN 1 should be involved in this analysis. 
· For x>0, the same analysis which was done for legacy UMTS is needed. Also for this case a feasibility study it required. The level of emissions can be established based on acceptable system performance degradation of other RATs and taking into account practical constraints. 
It is important that RAN 4 performs these studies during the SI phase as it may have consequences on assumptions done by RAN 1, as recognized already in the LS.
RAN 4 should study the feasibility of the different use case considering the hypothesis above mentioned. It may be necessary to liaise back to RAN 1 to provide information on the nominal carrier frequency and on the intention to perform a feasibility study. RAN 1 would then keep informed about the progress and the findings.
While in the carrier aggregation scenario the uplink carrier would be anchored to the primary DL legacy UMTS carrier in the standalone case the uplink carrier will be linked to the S-UMTS downlink carrier. The nominal bandwidths mentioned above should be considered for the UE transmission as well. Hence in addition to the feasibility study related to the DL transmission in new nominal bandwidth RAN 4 should perform studies to understand whether all the nominal bandwidths needed for the proposed use case can be acceptable for the UE transmit point of view. Correspondingly possible new emission limits (if allowed due to regulatory issues) and UE coexistence issues needs to be analyzed in RAN4 in an early stage by taking into account practical UE limitation and complexity issues.
5 Conclusions
In this paper we have initiated the discussion on the studies and discussion which RAN 4 should perform in the context of S-UMTS. 
It is proposed that RAN 4 considers the use case suggested by some operators and according to this defines a set of possible nominal bandwidth based on which new emission limits can be specified. Feasibility study for these new nominal bandwidths should be performed in RAN 4 taking into account practical constraints and coexistence limits.

Additionally RAN 4 should also consider the possibility to deploy S-UMTS in with bandwidth larger than what can be extrapolated from the scenarios outlined by operators and hence RAN 4 should also analyze the impact of these possible deployments on legacy RATs such as GSM, UMTS, LTE. 

RAN 4 should understand the amount of system degradation which S-UMTS cause (wrt to legacy systems) towards other RATs as a function of the ACIR and of the carrier distance. 
Moreover RAN 4 should study the UE coexistence limits and in general the feasibility of new nominal bandwidth in a standalone deployment from the UE point of view i.e. by taking into account practical limitations on the UE complexity and regulatory constrains.  

Detailed assumptions for these analyses can be discussed further to start the work.

It is proposed that RAN 4 liaises back to RAN 1 to provide information on the nominal carrier frequency and on the intention to perform a feasibility study for the different use case highlighted here. RAN 1 would then keep informed about the progress and the findings related to the feasibility.
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(A). No impact to other RAT within the same operator block
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(C). Reduced nominal bandwidth: No/smaller impact to other operators and no/smaller impact to other RAT within the same operator block
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(B). No impact to other operators but impact to other RAT within the same operator block
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(C). Reduced nominal bandwidth: No or smaller impact to other operators and no or smaller impact to other RAT within the same operator block
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