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1 Introduction

This contribution discusses principles for the design/selection of the uplink multiple access scheme for E-UTRA in the light of the detailed requirements for E-UTRA as agreed in Tokyo as the joint RAN1/2/3/4 meeting March 7th- 8th [1].  
2 Support of multiple bandwidths/multiple bands
Multiple bandwidths are to be considered for the study for both uplink and downlink: 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20MHz. Supporting multiple bandwidth has first consequences on the design on the following two areas :
· Stand-alone E-UTRA or pairing between E-UTRA and WCDMA
· Commonalities between the physical layer parameters for the different bands

2.1 Stand-alone operational mode vs. Paired operational mode and consequence on multiple access

Clarification is first needed as to what stand-alone and pairing mean in this context:

Pairing E-UTRA and WCDMA means the following:
· The E-UTRA DL carrier may be paired with an existing WCDMA UL carrier (5MHz based)
· The E-UTRA DL carrier is  associated (‘paired’) with an existing WCDMA DL carrier, that is used to support mobility
Stand-alone means

· There is not association with an existing WCDMA carrier on the DL

· There is no assumption as to what the UL may be (no restriction in terms of bandwidth and multiple access)
2.1.1 “Stand-alone” operational mode is needed

Starting with the first point as to whether stand-alone or pairing should be assumed, our understanding is that we have to support as a minimum the stand-alone “concept”. Whether pairing can also be considered in addition may be further discussed (see next section). Rationale for the stand-alone is the following:

· Consideration of small bandwidhs such as 1.25 MHz was motivated in particular by the refarming of GSM. Considering small bandwidths for E-UTRA most probably means that there will be no pairing with a 5MHz WCDMA in the same band. 
· The only case where such a pairing would make sense would be for a 10MHz operator spectrum, where the spectrum is already shared between WCDMA and GSM, and the operator is willing to refarm only part of the spectrum used by GSM but it may not be necessarily the most common case. 
· Pairing with WCMA in a separate band may of course be considered but then we may face situation where the coverage between the different bands is significantly different which consequently means loosing the benefit of pairing (relying on the WCDMA part for the acess and mobility management). 
· Large bandwidth such as 20 MHz may correspond to the very maximum that an operator may have in a certain band. In such as case there is no room for a paired 5 MHz WCDMA in the same band. So again stand-alone is to be considered. 

So why does the discussion on stand-alone vs. paired has an influence on the Uplink multiple access design? Straightforwardly Stand-alone means that we need to design a E-UTRA UL with the following requirements :
· All frequency bandwidths are to be considered as part of the study
· Access channels (physical and transport) on the uplink are to be designed (equivalent of PRACH and RACH). 
· “traffic channels” are to be designed

2.1.2 Benefits of paired operational mode and consequences on UL multiple access 
Although pairing may not fully meet all of the UL requirements there are a number of benefits:
· It can be used in a step wise introduction of E-UTRA and allows for an early introduction of the enhanced DL as the modification is restricted with respect to the existing access network
· Associating a E-UTRA DL with a UTRA DL facilitates access and mobility as they are performed through the UTRA DL which in turn allows for a reduced overhead and globally improves efficiency compared to the stand-alone case. 
If we were to consider pairing then it would some influence on the UL multiple acess. 
· The UL WCDMA would have to be modified to the minimum to support the modified dl. 

2.2 Commonalities between the physical layer parameters for the different bands

As part of the study we need to consider multiple bandwidths. In order to minimise the UE and Node B complexity we should try to have as much as possible commonalities between the physical layer parameters for these different bands. Optimally the parameters for one bandwidth should be the result of a scaling down or up from another bandwidth though this may lead to a lack of optimisation for any single bandwidth. So we need to find the proper trade-off between commonalities and efficiency per bandwidth. 
While selecting the parameters for the different bandwidths, we should ensure that the scalability in terms of resource assignment is appropriate. Larger bandwidths are to support low bit rate services in an efficient way as the lower bandwidth do. Larger bandwidths are not to support only larger bit rates.
We propose making 5 MHz the bandwidth which is to be optimized.

3 Synchronised Networks 

The presence or absence of synchronisation within the network or level of synchronisation is an important aspect in the discussion on multiple access schemes. UTRA does not rely on the network being synchronised as this was a strong requirement from operators not to be mandated to synchronise the network. Now for E-UTRA we need to clearly state what our assumption is in terms of synchronisation. 
Given the level of improvement in terms of efficiency and coverage compared to UTRA, question is whether this can be reasonably reached in absence of synchronisation particularly for a cellular use. The working assumption we propose is that system is designed assuming each cell site is synchronised to a common timing reference such as may be provided by GPS or other means of comparable accuracy. However in specific cases, like indoor cells (particularly isolated cell) outside of coverage of a common synchronisation source, operation without synchronisation should be allowed at a possibly degraded performance. 

Consequence on the Uplink design is that we can rely on the synchronisation in order to control the inter-cell interference and intra-cell interference.
4 Services provided to higher layers

Work is to be initiated in other working groups regarding the protocol architecture. However our proposed baseline is that the work to be done as part of the study should, as far as RAN1 is concerned, rely on the existing architecture as seen from the physical layer. This means we should just like during the Study Item [2] assume that higher layers are changed in a minimal way. We have therefore the same set of transport channels to consider, same channel coding principles. Of course, depending on the multiple access scheme, we may have new or different physical channels compared to UTRA FDD.   
5 Mobility related aspects 
The UE is to perform measurements in order to allow for mobility within E-UTRA or with other RATs (GSM, UTRA FDD, UTRA TDD). It may not be be needed to nail down all details in terms of UE measurement tasks in order to make a high level decision on the multiple access scheme for the uplink and downlink for E-UTRA. However measurements are to be considered at a minimum level to agree on high level requirements for the design of the multiple access scheme.
Since seamless handover was requested then it seems reasonable to assume that :
· a UE in “connected state” on UTRA (meaning on any of the UTRA states : Cell-DCH, Cell-FACH, CELL-PCH, URA-PCH) or in connected state for GSM will need to make measurements on the E-UTRA cells

· The states that will ultimately apply to E-UTRA are undecided but probably we will have something like CELL-DCH as a minimum. In such a case we should assume that a UE connected to E-UTRA in a CELL-DCH state like will have to be able to make measurements on other RATs (UTRA, GSM)

The most demanding situation is when the UE is in DCH state whether on E-UTRA or UTRA or in connected state in GSM. This is the case that we consider in the following.

5.1 Inter-RAT mobility

The impact of the measurement requirements on the multiple access design for the uplink is highly dependent on the UE architecture and in particular on whether the UE has a single or multiple receivers as discussed in the following:

If a multi-RAT UE has a dual/multi–receiver (a receiver for E-UTRA and one/multiple receiver to monitor other RATs)
· a UE while in active communication (like in CELL-DCH state) on a E-UTRA cell can perform measurement on other RATs without any impact on its transmission or reception (no need to interrupt the transmission e.g in the equivalent of compressed mode patterns as in WCDMA or idle frames/time between Tx and receive in GSM). Any frame (whatever frame may mean) and the whole frame can be used for operation within E-UTRA. This is a reasonable consequence of dual receiver for the DL case. For the uplink case this assumes that there is no issue of frequency separation requirement between the band the E-UTRA is operating in and the band the other RAT to monitor is operating (like we have in the UMTS core band when monitoring GSM1800)
· A UE in active communication on other RATs than E-UTRA (GSM, UMTS FDD or TDD) can perform measurements on a E-UTRA cell at any time. So no need to design e-UTRA beacon channels considering the measurement capabilities of these UEs (this applies for DL considerations only). 
If a multi-RAT UE has a single receiver (a receiver for all RATs)
· a UE while in active communication on a E-UTRA cell must be able to perform measurement on other RATs  which means that there is a in-built possibility for the UE to make such measurements . So this influences the multi-access scheme design (e.g. listening to other RATs should not prevent to receive pilots for channel estimation for the E-UTRA…)
· A UE in active communication on other RATs than E-UTRA (GSM, UMTS FDD or TDD) the UE must be able to perform measurement on the E-UTRA beacons channels. For WCDMA point of view it means that during a transmission gap, beacon channels are to be listened to.
The Pros of the multi-receiver approach are the following:

· This simplifies the design as far as the measurements on other RATs is concerned (lets us not forgot how compressed mode is complicated to use)

· This lifts up possible constraints for the design of the E-UTRA beacon channels

· The multi-receiver approachs makes the joint requirement of mobility and spectrum efficiency/peak bit rates easier to achieve.

When considering the single receiver approach, it is a lot more complicated to meet the seamless mobility requirement. The resulting system is more complicated to build and the question is anyway whether a single receiver is really possible considering the different bandwidths that are being studied, all of which (with the exception of the 5MHz) being different from other RATs.
As a consequence our assumption when designing the multiple access is that the UE will have as a minimum two receivers, one of which which would as a minimum take care of the others RATs monitoring, whereas the second receiver will be responsible for receiving “traffic flows” from the E-UTRA cell(s). 
For uplink multiple access this means
· When a minimum frequency separation exists between E-UTRA and other RAT then uplink operation and performance on E-UTRA are not impacted by the measurements to be done on other RATs  (no ned to interrupt the transmission to do measurements)

· If there is no minimum frequency separation then we may have anyway to interrupt the Ul transmission on E-UTRA. 
5.2 Intra-RAT mobility
For the mobility within E-UTRA we have to consider the support of multiple bandwidths in terms of consequence on the multiple access and design of beacon channels. To derive the consequences we should agree on the monitoring scenarios and high level assumption on the UE architecture.
5.2.1 Discussion on the intra-RAT mobility case and scenarios

What sort of scenarios would we have in terms of sets of cells to monitor?
· Can we have a UE operating in a certain bandwidth and monitoring a cell at another bandwidth in the same band?
· This is dependent on the operator strategy: this will occur if an operator chooses to have e.g a 1.25 MHz bandwidth and a 5 MHz bandwitdth RAT in their network 

· If this is the case, then can it happen that the bandwidths overlap (like the UE operating in 5MHz and having to monitor a neighbour cell that operates at 20 MHz that overlaps with the 5MHz)

· Can we have a UE operating in a certain bandwidth and monitoring a cell of another bandwidth in a different band?

· Our view is that this scenario happens as an operator my have multiple bands and possibily one bandwidth for E-UTRA per band. 

5.2.2 Discussion on the UE architecture 

In terms of UE architecture we may consider multiple case of reuse of the receiver that monitors other RATs (based on the assumption of the dual receiver discussed above) :
· The receiver that monitors the other RATs (GSM or UTRA) can monitor the other E-UTRA cells (whatever cell, same or different bandwidth, same of different band, with or without overlap with the operating band). So the UE had two receivers (one to monitor whatever RAT) and one to take care of the traffix

· The receiver that monitors the other RATs (GSM or UTRA) can only monitor E-UTRA with bandwidth at 5MHz or smaller but cannot monitor E-UTRA cells with a larger bandwidth than 5MHz (10, 15 or 20) which ever band
· The receiver that monitors the other RATs (GSM or UTRA) can only monitor E-UTRA with bandwidth at 5MHz cannot monitor E-UTRA cells with bandwidths different than 5MHz (1.25, 2.5, 10, 15 or 20) which ever band

· The receiver that monitors other RAT has not capability to monitor E-UTRA whichever band or bandwidth. 
In terms of architecture we can also consider the impact on the number of receive antennas due to the introduction of MIMO on the DL : can we consider that in the case a UE has multiple receive antennas some may be free at certain time for monitoring purposes ? Again there may be a dependency on the relative bandwidth and band for the cell in operation and the cell to monitor.

Finally if neither the second receiver that monitors other RATs nor the presence of multiple antennas for MIMO operation can be used for monitoring of E-UTRA, the question is whether there can be a receiver dedicated to the monitoring of E-UTRA. 

5.2.3 Consequence on multiple access design

Ul operation will be impacted by monitoring of cells in E-UTRA for different cases: 

· Either there is a need for frequency distance (like for the monitoring of GSM1800 when in UMTS core band)

· There is a difference in the operating bandwidth and the bandwith of the cell to monitor (of course the applicability of this scenario is not clear at this stage) and the architecture does not allow for reuse of a second receiver for the E-UTRA monitoring purposes.
Otherwise as for the Inter-RAT mobility the UL operation is not impacted by the need to perform measurements on other E-UTRA cells. 
Our proposal is that solutions minimising the impact of monitoring of E-UTRA cells be investigated either based on the use of a receiver in charge of the monitoring (where such receiver may be the second receiver used for the other RATs monitoring, or a third receiver or a diversity receiver) or optimisation of the beacon channel designs.  

6 Conclusion

This paper has considered the principles required to progress the Study Item on E-UTRA. Based on the considerations we propose the following working assumptions as guidelines to be adopted for the design of the UL multiple access:
· An Uplink E-UTRA is to be designed in order to meeting the requirements as agreed in Tokyo where :

· Different bandwidths from 1.25 MHz up to 20 MHz are to be considered and commonality between parameters for the different bandwidths is to be achieved. 
· Proper trade-off is to be achieved between commonality and optimisation on per bandwidth. Trade-off optimization to be performed for the 5 MHz bandwidth
· Design should assume that the network is synchronised at the level of the cell site with possible exception for some indoor cells (for which lack of synchronisation could be accepted at the possible expense of a degraded performance)
· UE has at least a second receiver capable of reception of other RATs in the same band while in operation on E-UTRA or on different bands (e.g. 900/ 2100) 
· Impact of monitoring neighbour  E-UTRA cells (on possibly different bands and different bandwidths) should be minimised. Such minimisation may be based on the reuse of the second receiver capable of receiving other RATs, or the use of a third receiver (based possibly on the reuse of the Rx diversity capability) or optimisation of the structure of beacon channels between. 
· To consider also E-UTRA Downlink paired with W-CDMA system (with enhancements to UL W-CDMA where possible and appropriate) 

Finally
 we would propose, in line with the above principles, to consider the possibility of progressing in two phases. In one phase E-UTRA is paired with W-CDMA uplink with the focus on selected features identified in Tokyo [1] i.e. downlink enhancements and uplink features to support the enhanced downlink. In  another phase a complete ‘stand alone’ system getting as close as feasible to all the Tokyo requirements should be considered.
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