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1. Introduction

In the last RAN4 discussion on different resource aggregation options and deployment scenarios started [1] [2]. This contribution continues the discussion with further analyses on complexity and system deployment issues. The document concentrates on the resource aggregation options for unicast services as the requirements for multicast services in LTE still need further clarifications [4]. Based on the analyses some requirements for E-UTRA deployment and assumptions for the future RAN4 requirements are proposed.  
2. UE minimum BW capability
For E-UTRA 1.25, 2.5, 5, 10, 15, and 20 MHz operating bandwidth options are defined. Based on [1] it does not seem likely that each E-UTRA operating bandwidth option can be “linked” to a certain E-UTRA frequency band. Instead it seems rather likely that the specifications need to support several (if not even all) bandwidth options for each E-UTRA frequency band. In order to allow efficient operations and optimisations of E-UTRA system in the RAN1 contribution [3] we have proposed that UE minimum DL BW capability to be 10 MHz. The motivation for this 10 MHz minimum UE DL bandwidth capability is that the benefit of having a high minimum bandwidth for all UEs in terms of system complexity outweighs the drawbacks of implementing the higher bandwidth. Additionally an increase in minimum bandwidth from the current 5 MHz for WCDMA to 10 MHz for E-UTRA is seen as an appropriate incremental step considering the time between the introductions of the two systems. 
Below we have listed some system issues, which support wider minimum UE BW capability than the current 5 MHz WCDMA BW: 
· System throughput

· The higher operating bandwidth used, the lower the overhead and the higher throughput. Allowing low bandwidth UEs will significantly reduce this gain. Combinations of UEs having different maximum bandwidths will further degrade the performance.

· Scheduling

· Assuming that the scheduling information comes from a common channel, a UE with limited bandwidth capability must either be scheduled to use pretty much the same frequency block for the data reception as the one used for the common channel carrying scheduling info, or scheduling information and data cannot overlap in time. The alternative is to have several common channels for scheduling which creates significant extra overhead.

· Intra-frequency neighbour measurements
· A UE must be able to find neighbour cells and measure the identified neighbour cells in a rather continuous manner in order ensure good mobility support in E-UTRA. In case the UE operating bandwidth is lower than the operating bandwidth, UL/DL idle periods must be generated also for intra-frequency neighbour cell measurements to enable the UE to search in the correct place in the operating bandwidth for the synchronization and pilot channels of the neighbour cells. Alternatively, the synchronization channel and pilot channels of the neighbour cells would need to be repeated in frequency so that the UE can find the cell regardless of where in the operating bandwidth it is currently receiving data. This also creates unnecessary overhead. 

· The possibility for simultaneous reception of user data and system info (as well as other necessary common data and control information)

· UL/DL idle periods are also here needed if the system info is not inside the UEs bandwidth. This naturally sets additional constraints to the network design as the cases, where UL/DL periods need to be provided for a UE, would increase.
· State transitions

· If the UE is expected to perform a cell search every time it performs a state transition, the state transition can be faster if the UE is able to do this cell search in parallel. 

· Roaming

· Allowing multiple UE bandwidth capabilities will create problems in roaming. Even if the UEs’ bandwidths are matching to the operating bandwidth of the home network, problems arise when roaming UEs have lower bandwidth capabilities unless it is possible to significantly limit possible bandwidth options per frequency band.

· Resource aggregation

· Additionally the wider the bandwidth the UEs support, the less need there is for different resource aggregation options especially in case of contiguous spectrum allocation. For example, as already mentioned in [2], the UE complexity of having two 5 MHz carriers is considered higher than having one 10 MHz carrier. These complexity and performance tradeoffs are discussed further in this contribution.  
3. Further analyses of resource aggregation options for unicast services
As already noted in [2] it is our understanding that it is significantly less complex to for the UE to receive data with a single wider OFDM channel than with multiple narrower OFDM channels. It is also our understanding that UE complexity would significantly increase if multiple narrower SC-FDMA bandwidth channels were transmitted instead of one single SC-FDMA wider bandwidth channel.  The transmissions of multiple channels are also significantly more inefficient from the PA perspective because PAR/CM levels would be higher for the transmission of multiple bandwidth channels than for one wider bandwidth channel. Furthermore higher PAR/CM levels have typically negative impacts on the system as whole and therefore if possible it should be avoided when designing a system.  In Figure 1 - Figure 4 we show  example results for the PSDs of one 5 MHz SC-FDMA transmission option, one 10 MHz SC-FDMA transmission option and  two 5 MHz SC-FDMA transmissions within 10 MHz with two different back-off values. The basic simulation assumptions are given in the Annex of this document. 
In Figure 1 spectrum emission performance is shown for 5MHz SC-FDMA transmission. In this example back-off is chosen so that the UE meets the ACLR of 33dB.
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Figure 1: 5MHz E-UTRA SC-FDMA option with one 5MHz carrier. Back-off chosen so that the UE meets the ACLR of 33dB.
Figure 2 presents spectrum emission performance for 10MHz SC-FDMA transmission. The same back-off is used in this case as in the case presented in Figure 1. The ACLR is measured over 10 MHz. 
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Figure 2: 10 MHz option with one 10 MHz SC-FDMA carrier.  The back-off value is the same as the one in the previous case. The ACLR of 33dB is met.
In Figure 3 we then present spectrum emission performance for the transmission of two SC-FDMA 5MHz carriers.  The used back-off is the same as the one used for the results presented in Figure 1 and Figure 2.  We can observe that this type of dual carrier transmission of SC-FDMA destroys the benefits of SC-FDMA. In this case the ACLR for the same output power is 3dB higher than in Figure 1 and Figure 2.  This means that larger back-off would be needed to achieve the same spectrum emission performance. 
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Figure 3: 10 MHz option with two 5 MHz SC-FDMA carriers.  The back-off value is the same as the one used in the previous case but the ACLR is 3 dB higher.
Figure 4 also presents spectrum emission performance for the transmission of two SC-FDMA 5MHz carriers as in Figure 3 but this time back-off is adjusted so that the ACLR of 33 dB would be met. This means 1.7 dB larger back-off than in the example of Figure 3. 
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Figure 4: 10 MHz option with two 5 MHz SC-FDMA carriers. The back-off  is increased by 1.7 dB to meet the ACLR of 33 dB. 
The results shown in Figure 1 - Figure 4 indicate that it is more efficient to deploy E-UTRA system using wider UL BW SC-FDMA transmission rather than using more than one narrower SC-FDMA bandwidths for transmitting the same content. 
In order to meet the LTE performance targets and expectations in the best possible way we believe that it is beneficial to deploy E-UTRA system using wider BW OFDM transmission in DL or wider BW SC-FDMA transmission in UL instead of  using more than one narrower BW options for transmitting the same content. The deployment of wider operating bandwidth should be relatively easy to achieve in case of contiguous spectrum allocation. If the spectrum allocation does not directly match with one of E-UTRA transmission bandwidth options, additional E-UTRA frequency layers could be used in a similar manner as e.g. in WCDMA (i.e. different users are served on different frequency layers). Performance wise this is expected to be a better method as more emphasis could be put for improving the reception performance of single BW e.g. using receiver diversity rather than using the same or larger complexity for receiver more than one BW simultaneously. 

Also in case of sparse spectrum allocation we believe that it is better to use different E-UTRA frequency layers for serving different users rather transmitting the same content on more than one E-UTRA operating BW. As long as one user does not need more bandwidth that one frequency layer can offer, it is not necessary to transmit the same content on more than one BW. We believe 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 receiving data on one operating BW at the time.
Without setting limitations for possible resource aggregation options we endanger the efficient optimisation of e.g. scheduling and interference control methods as well as UE implementations for achieving the best possible performance out of the E-UTRA system due to increased complexity that the variety of many different options typically creates. 

The limitations of different resource aggregation options are possible if the minimum UE BW capabilities both in DL and UL is large enough. Based on our complexity - performance trade-off analyses 10 MHz minimum UE BW capability would be a suitable trade-off both for DL and UL. For efficiently supporting asymmetrical traffic it seems desirable to define UE bandwidth capability independently for downlink and uplink. It should be possible to define UL and DL operating bandwidths independently from each other in order to facilitate the deployment of E-UTRA in various different spectrum allocation scenarios.  
In order to facilitate easy migration from one BS operating BW to another and allow different operating BWs in different areas (e.g. 10 MHz BW in urban and 5 MHz BW in sub-urban areas) possibility for having different operating bandwidths in the same carrier frequency of the same E-UTRA network. Naturally for efficient E-UTRA operations it is not attractive to change operating bandwidth in a cell by cell basis even if the signalling is made to support this. 
4. Conclusions
This document has analysed E-UTRA system performance and UE complexity issue for resource aggregation options for unicast services. 

· It appears that both from the system performance and UE complexity perspective it is more efficient to deploy one single wider E-UTRA bandwidth option rather than more than one narrower E-UTRA bandwidth options for transmitting the same content. This should be possible if the minimum UE BW capabilities are large enough. We believe that 10 MHz minimum UE BW capability would be reasonable trade-off both for DL and UL. 
· In case it is not possible to use one single wider E-UTRA bandwidth option for all E-UTRA UL or DL transmissions e.g. due to sparse spectrum allocation the best way of providing E-UTRA services seems to through different E-UTRA frequency layers similarly as e.g. in WCDMA.
5. Proposal
Based on the analyses presented in this document it is proposed that RAN4 agrees the following requirements for the resource aggregation of unicast services in E-UTRA deployment. 

In case of contiguous spectrum allocation E-UTRA system is deployed using wider BW OFDM transmission in DL and wider BW SC-FDMA transmission in UL rather than using more than one narrower BW options for transmitting the same content.    
If the spectrum allocation is contiguous but allocation e.g. does not directly match with one of E-UTRA transmission bandwidth, different E-UTRA frequency layers for serving different users should be used instead of transmitting the same content on more than one E-UTRA operating bandwidths. Also in case of sparse spectrum allocation different E-UTRA frequency layers should be deployed instead of transmitting the same content on more than one E-UTRA operating BW.
The RAN4 requirements should also be developed based on the above-mentioned assumptions.
It is proposed that RAN4 considers the proposed approach. Based on discussion, the actual text proposal to the E-UTRA RF scenarios TR could be made available during the meeting. 
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7. Annex: Simulation Assumptions

	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	UE TX power
	24 dBm
	

	Over-sampling rate
	8x
	

	BB signal spectral shaping
	- No windowing

- Upsampling image rejection filter and analog filter 
	- Spectral shaping is not defined in [5]


	Clipping (for PAPR reduction)
	No
	

	PA model
	Simple model for PC3 WCDMA Rel-6 compatible PA
	

	PA operating point
	33dB ACLR1 with HSDPA/HSUPA capable PA.
	- Modulation quality not verified.

- For one of the dual carrier cases 1.7 dB higher back-off has been assumed. 

	Architecture assumption
	1 PA and 1 Tx Antenna
	

	Other RF impairments 
	Not modelled
	

































































3GPP


