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1. Introduction

For completing the Evolved UTRA and UTRAN SI the system concept evaluation should be document and according to [2: RP-060219] RAN4 is expected to provide text for the “System and Terminal Complexity”section of TR 25.912 together with RAN2. It was agreed on the RAN4 LTE reflector that RAN4 related complexity issues would be documented in the Section 5.3 “System and terminal complexity, cost and power consumption” of the RAN4 TR E-UTRA Radio Technology Aspects.

In this document we concentrate on UE and system complexity issues that are seen topical for the study item phase. It is expected that during the potential work item phase a lot more detailed complexity analyses need to made in order to ensure good balance between performance and complexity. 
RAN4 has discussed resource aggregation and related E-UTRA development scenarios in various contributions [1] - [5]. This is also seen as one of the main areas in the complexity analyses that should be considered in the SI phase as unnecessary and redundant resource aggregation options are expected to have significant complexity impact on the E-UTRA system and especially terminals.  We already know from the past that several redundant options in the system are likely to slow down the introduction of new features on the market. Thus, they should be avoided. This is one of the E-UTRA requirements that is mentioned in the Complexity requirements section of TR25.913. 
In this contribution we summarise our earlier findings from the resource aggregation studies and try to address some remaining issues that were not thoroughly covered in the earlier contributions. We also discuss the benefits of increasing the minimum UE DL bandwidth capability slightly for reducing system complexity and improving mobility performance on the serving frequency layer. In the end of the document we also present a text proposal to the Section 5.3 “System and terminal complexity, cost and power consumption” of the RAN4 TR E-UTRA Radio Technology Aspects. The text proposal is prepared based on different RAN4 contributions, which cover complexity area.
2. Discussion
2.1
Resource aggregation

In the last RAN4 meeting we showed simulation results for PSD results for different SC-FDMA transmission options in [4]. The results clearly indicated that the transmission of multiple SC-FDMA channels is significantly more inefficient from the PA perspective than the transmission of one wider bandwidth channel because PAR/CM levels would be higher for the transmission of multiple bandwidth channels. The document [4] also discussed what implications different resource aggregation options would have on the system as whole. In this section we continue the analyses of system and terminal impacts. The limitation of non-essential resource aggregation and deployment scenarios is expected to simplify the system and thus, allow system optimisation in the cases that are considered essential. 

The need and feasibility of resource aggregation options for contiguous spectrum allocations have already been discussed in various RAN4 contributions. Based on the discussions in RAN4#38 the general understanding seems to be no resource aggregation is needed for contiguous spectrum allocation instead we would rely on the deployment of wider operating bandwidth, which provides clear performance and complexity benefits over the deployment of more than one narrower bandwidth options.  
The discussions in the last RAN4 meeting also indicated that resource aggregation over different bands was not seen necessary due to clear UE complexity issues but also due to network planning and RRM challenges. However, in the last RAN4 meeting it was felt that further considerations of sparse spectrum allocation with narrower bandwidth options are needed. Sparse narrow bandwidth spectrum allocation on 900 MHz was considered as one necessary study scenario.  

In case of sparse spectrum allocation we see that the most feasible way of deploying E-UTRA system is to use different narrowband bandwidth carriers apart from each other as different frequency layers similarly as in WCDMA. Different E-UTRA frequency layers would be used for serving different users meaning that different content would be transmitted over the narrow operating bandwidths. As discussed earlier it is also our understanding that that implementation complexity, that is needed for receiving and transmitting the same data on more than one operating BW, can be better utilised by improving the performance of data reception on one operating bandwidth at the time. As long as one user does not need more bandwidth that one frequency layer can offer, different frequency layer should be able to efficiently serve the E-UTRA deployment needs since the UE should support all E-UTRA bandwidth options up to its capability. The minimum UE UL and DL bandwidth capabilities are agreed to be 10 MHz. This means that different E-UTRA operating bandwidth could be used on different bandwidth of the same frequency band (e.g. in case of sparse spectrum allocation on 900 MHz). Furthermore different bandwidth options could also be deployment on DL and UL. 
One remaining case that has not been covered yet and was mentioned during the RAN4 discussions as one possible resource aggregation scenario is a scenario where E-UTRA is deployed on the 900 MHz frequency band with sparse spectrum allocation and the bit rate of one user is higher than what one E-UTRA bandwidth is able to offer, even with continuous time domain user allocation. Since only one user is expected to be served, it seems that this cell is some type of an isolated cell (e.g. small home cell). However, as lower frequency bands like 900 MHz are typically well suited for providing good network coverage, we would like to understand whether it is really necessary to complicate E-UTRA system development significantly by considering this case as a reason for resource aggregation on unicast services.  It is also good to remember that significant system performance gains can be achieved by advanced scheduling and other network algorithms on wider bandwidths and when more than one user is served by a given operating bandwidth. Control channel overhead also increases unnecessarily when the same content is transmitted on more than one BW. In our opinion it would be desirable to avoid putting extra burden on the system and terminal complexity by defining the system requirements for the resource aggregation of the same content based on this single scenario, especially as it is considered that there are other even more efficient ways of deploying E-UTRA on sparse spectrum allocation even with narrow bandwidth slices.
The MBMS related requirements in TR25.913 indicate some level of resource aggregation is probably needed for providing unicast and MBMS services simultaneously as possibility for deploying MBMS on separate carrier frequency is set as a target for the E-UTRA system. The details of E-UTRA MBMS concept are still quite open. Currently quite a few MBMS deployment scenarios are considered.  In order to ensure an efficient MBMS concept effort should be put to minimise the number of redundant options for MBMS as well. 
2.2
UE DL Bandwidth considerations

As already discussed, RAN1 has agreed that the UE minimum bandwidth capability both in DL and UL is 10 MHz. This relatively wide minimum UE bandwidth capability facilitates the efficient deployment of cells with wider operating bandwidths (BW≥10 MHz). 

The RAN1 contribution [6] discusses benefits of extending the minimum UE DL bandwidth capability slightly from 10 MHz in order to avoid UL/DL idle periods for neighbour cell searches and pilot measurements of the neighbour cells on the serving frequency layer. It has already been agreed as a working assumption that synchronisation channel is always transmitted using the 1.25 MHz middle block and a cell can be identified using the reference symbol (pilot) subcarriers on the same 1.25 MHz middle BW. 
In a frequency reuse = 1 network (potentially combined with interference coordination schemes like soft frequency reuse) mobility within the serving frequency layer can been seen as the primary mobility mechanism. All neighbour cells have the same carrier frequency. DL operating bandwidth may occasionally vary between the cells when e.g. moving from urban to rural area. The bandwidth should not have an impact on UE mobility support when the DL bandwidth capability of the UE is large enough and all the necessary common control channels needed for mobility supported are sent over the 1.25 MHz DL middle block. 

By extending the minimum UE DL BW capability slightly from 10 MHz so that all UEs within any DL bandwidth option (including 20 MHz BW) would be able to receive the 1.25 MHz middle BW block with any resource block allocation it would be possible to simplify the E-UTRA system significantly as it would not be necessary for the network to provide measurement gaps for supporting mobility within the serving frequency layer. Increase in UE complexity on the other hand is expected to be rather minor. In addition to the reduction in system complexity this bandwidth extension is also expected to provide performance benefits for mobility support.  Thus, we see that the extension of the minimum UW bandwidth capability on DL is justified. 
3. Conclusions
In this contribution we have continued analyses of resource aggregation for unicast services by concentrating on sparse spectrum allocation on the 900 MHz band, which was seen as a potential candidate for resource aggregation in the last RAN4 meeting. Based on our analyses it is our understanding that it is desirable to deploy E-UTRA using wider bandwidth carrier when ever possible due to its clear performance and complexity benefits. When wider bandwidth is not an option due to non-contiguous spectrum allocation separate frequency layers either with the same or different operating bandwidths are considered as a feasible way of deploying E-UTRA system. Flexibility deployment of E-UTRA system is supported with a number of bandwidth options and relatively large UE minimum bandwidth, which simplify the deployment. 
Additionally in the contribution it is felt that the minimum UE DL bandwidth capability to extended a bit further from 10 MHz to 10.625 MHz in order to simplify the E-UTRA system. This extension would make it possible to avoid the usage of gap assisted UE neighbour cell measurements within the serving frequency layer even with 20 MHz DL operating bandwidth, provided that the current working assumption of the usage of the 1.25 MHz middle block operations for cell search procedures is agreed.

Finally also a text proposal for Section 5.3 “System and terminal complexity, cost and power consumption” is proposed. 
4. Text Proposal for TR “E-UTRA Radio Technology Aspects”
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5.3
System and terminal complexity, cost and power consumption
5. The document [7] introduced and proposed the following set of  resource aggregation options for E-UTRA. 
· Resource aggregation type 1 - over adjacent channels in the same band with same content

· Resource aggregation type 2 - over separated channels in the same band with same content
· Resource aggregation type 3 - over separated channels in different bands with same content
· Resource aggregation type 4 - DL broadcast channel and bidirectional channel in the same band

· Resource aggregation type 5 – DL broadcast channel and bidirectional channel in the different bands
RAN4 has analysed the feasibility and necessity of these different resource aggregation options. The RAN4 work has especially concentrated on the types 1-3 as the MBMS requirements were only clarified in the last RAN meeting and therefore L1 details of MBMS are still rather open in RAN1. The MBMS requirements indicate some level of resource aggregation is probably needed for providing unicast and MBMS services simultaneously since a possibility for deploying MBMS on separate carrier frequency is set as a target for the E-UTRA system in TR25.913. Due to lack of detailed information during the RAN4 analyses no clear recommendation on possible MBMS resource aggregation options is made at this stage. However, it is expected that good solution can also be found for MBMS and this would not be a reason to delay the start of the WI.
The resource aggregation type 1-3 have been discussed and analysed in the documents [7] – [11]. 
It was recognised in [7] that there may be benefits of having aggregation for different kinds of spectrum allocations for the operators. However, it was also considered in [9] that E-UTRA complexity compared to WCDMA is already increased due to e.g. flexible bandwidths and in order to avoid delays in the introduction of systems and terminals it would be beneficial if the different possible aggregation types could be limited and maybe reduced to one possible type. 

It was considered in [8] that instead of using resource aggregation wider bandwidth carrier should be used for E-UTRA deployment on a contiguous spectrum allocation due to lower complexity and better performance allowed by advanced network algorithms like frequency domain scheduling.  The presented simulation results in [10] indicated that the transmission of multiple SC-FDMA channels is significantly more inefficient from the PA perspective than the transmission of one wider bandwidth channel because PAR/CM levels would be higher for the transmission of multiple bandwidth channels.
In case of sparse spectrum allocation within a frequency band it was felt in [10] that the most feasible way of deploying E-UTRA system would to use different narrowband bandwidth carriers apart from each other as different frequency layers similarly as in WCDMA. Additionally, it is seen more efficient to improve the performance of data reception on one operating bandwidth rather than increasing UE complexity for supporting resource aggregation of the same content on more than one bandwidth.
With the resource aggregation of the same content over different band, in addition to UE complexity issues network planning issues ( i.e. cell borders being at different locations) were considered more challenging in [11], which would then also complicate RRM and network signalling.  
Thus based on the findings of  [8] – [11] and RAN4 discussions in general that it would be beneficial to avoid resource aggregation for the same content in order to allow simple E-UTRA system and fast introduction of systems and terminals. Based on the WCDMA experience it is known that several redundant options in the system are likely to slow down the introduction of terminals and new features on the market. The limitation in resource aggregation options should be possible as the minimum UE UL and DL bandwidth capabilities are agreed to be 10 MHz. Additionally terminals are expected to support all bandwidth options within its bandwidth capability
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