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1.
Introduction

For the SI 'Evolved UTRA and UTRAN' RAN #26 in Dec. 2004 and RAN #27 in March 2007 set already the boundary conditions:

· SI description: RP-040461 [1],

· process description: RP-040554 [2],

· work plan: RP-050167 [3] ,

· status report: RP-050018 [4],

· TR 25.812 skeleton on requirements: RP-050150 [5],
with agreed input RP-050155 [6],

· TR 25.912 skeleton on feasibility study RP-050151 [7]

and the new TSG RAN decided on 11.03.2005:

"It was agreed that RAN WG1 can start the work in Long Term Evolution in April.
The other WGs will start after June, with the exception of the joint meeting with SA WG2 in May (for RAN WG2 and WG3).
"It was agreed that RAN WG4 also can start to look at propagation models and simulation assumptions in May.

As a conclusion, all WGs are allowed to work on LTE related issues, but on the very particular topics above. It is clarified that the work is to be considered lower priority, time will be allocated as far as it doesn’t delay the Rel-6 items.

Based on the progress in RAN WG1 meeting in April, RAN WG1 and RAN WG4 will analyse together the Long Term Evolution and how WG4 can start the simulation work."
One main topic for RAN1 will be to decide on the multiple access scheme that will be used within the following WI 'Evolved UTRA and UTRAN'.
This contribution has the intention to propose a limitation of the number of multiple access schemes in DL that should be taken into account for a more detailed comparison.

2.
Discussion

2.1
Multiple access schemes

From the various combinations of separating the different users in frequency domain (FDMA), in time domain (TDMA) or code domain (CDMA) the following basic options exist for DL as well as for UL:
· MC-WCDMA related adaptations: separating the users in the code domain (as done in the current UMTS standard) but taking more than one carrier (if needed) and probably to consider not only multiples of 5MHz bands ('sub-carrier') but also multiples of other bandwidths (e.g. 3 times 1.25MHz).
(note: This will certainly involve variable duplex gaps. First investigations of possible deployments in the 2500-2690MHz extension band could be found in TR 25.889 [8] "Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements".)

· OFDM based solution, which allows to consider different subcarriers which are perfectly orthogonal as long as precise synchronisation (in time and frequency) can be guaranteed.

a.
OFDM/TDMA: all subcarriers ('tones') are dedicated to one user for one period 
of time ('slot') (example: WiMAX with 256 point FFT OFDM).
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b.
OFDM/TDMA combined with CDMA: each user uses all tones/subcarriers 
of a carrier in one time slot, however spreading in the time and/or frequency 
domain ('2-dimensional spreading') is used. The users are separated in the time 
and code domain.
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c.
OFDM/FDMA=OFDMA: a number of subcarriers are dedicated to one user, 
multiple users are served in parallel

d.
OFDM/combined TDMA/FDMA=OFDMA/TDMA: each user uses a subset of 
all subcarriers of a carrier per time period, i.e. the users share the available tones 
(=subcarriers) in a time slot.

e.
OFDMA/TDMA combined with CDMA: 

which could be differentiated in 3 ways:
e1.
OFDMA/TDMA/CDMA in time domain
e2.
OFDMA/TDMA/CDMA in frequency domain
e3.
OFDMA/TDMA/CDMA in time and frequency domain: most general case in 
which one information symbol is spread over N OFDM symbols (characterized by 
a time period) and M subcarriers ('tones').

Whether the spreading should be applied more in the time or in the frequency 
domain depends on the delay spread (multipath propagation) and Doppler spread 
(UE speed): For a low delay spread over frequency axis and for a low Doppler 
spread over time axis is more appropriate.


[image: image4.emf]   

SF = 3x2    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

     

     

     

     

     

     

     

tones 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

     

     

     

     

     

     

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

     

     

     

     

     

     

     

1 information symbol   = 3x2 chips   = 3 OFDM symbols x        2 tones  

 

 

   

   

symbols/slots  


2.2
Multiple access scheme in DL

The main aspects which need to be taken into account when defining a multiple access scheme for the DL are:

· granularity of the radio resources

· flexibility of resource allocation

· support for reuse=1 especially when considering inter-cell interference

· provided level of orthogonality to cope with intra-cell interference

· provided level of orthogonality to cope with inter symbol interference (ISI)

· supported bandwidths/scalability

· BS transmitter complexity

· UE receiver complexity

· impact on signalling effort

· spectrum efficiency improvement

A SC-WCDMA (SC: single carrier) based approach could be already discarded due to the bad granularity, scalability and orthogonality problems.

A SC-WCDMA based approach is not applicable to higher bandwidths, as the number of paths to be taken into account and therefore the number of needed RAKE fingers and corresponding self interference would increase too much.
A MC-WCDMA based approach would have the following advantages and disadvantages:

pros:

· SC-WCDMA is currently used so migration might be easier

· reuse=1 is possible using cell specific scrambling codes

cons:

· compared to OFDM similar spectrum efficiency only possible with advanced UE receivers (and not under all channel conditions) which are more complex, see TR 25.892 [9]

· worse granularity than OFDM based systems

· bandwidth of a single carrier is limited (see SC-WCDMA comments above)

· intra-cell interference depending on channel conditions

· near/far effect critical (no orthogonality and limited receiver dynamics, i.e. complex receiver does not really help in some cases)

Now looking at OFDM based systems:

OFDM/TDMA (a.) and OFDM/FDMA (c., i.e. without a TDMA component) could be also already discarded for a general approach because of the low level of granularity and the problem of achieving a reuse=1.

For OFDMA/TDMA (d) two different methods need to be distinguished:

d1.
“Frequency diversity”: The allocated tones for each user are 'randomly' distributed over 
the frequency domain of the considered carrier independent of the channel conditions 
on the individual tones.


(example: Flash-OFDM, WiMAX Scalable OFDMA 802.16e)

pros:

- simple and robust MAC signalling


- reuse=1 much more robust than d2.

- well understood, already in use

cons:


- no exploitation of frequency selectivity (less efficient)
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d2.
“Frequency domain scheduling”: all tones of a carrier are grouped, the scheduler assigns 
each user those tone groups for which the user has good channel conditions

(scheme is not yet applied)


pros:


- Higher spectrum efficiency as channel conditions are taken into account for tone 
selection


cons:


- reuse=1 much less robust than d1.


- significantly more UL (CQI) /DL (tranport format) signalling


- not used in commercial system so far
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Introducing a CDMA component in OFDM systems like OFDM/TDMA (a.) or OFDMA/TDMA (d) for OFDM/TDMA/CDMA (b.) or OFDMA/TDMA/CDMA (e.) leads to the following effects:

pros:

· improvement of cellular performance (reuse=1 more robust), e.g. by a cell specific scrambling code

cons:

· orthogonality is reduced if channel is not constant over SF_f tones and SF_t OFDM symbols for spreading over SF_f x SF_t
(therefore adding CDMA component to (d1.) would lead to bad orthogonality)

· higher complexity (for transmitter & receiver and due to additional administration of code domain)

further comments:

· granularity doesn't change (OFDM system with and without CDMA)

· Peak to Average of OFDM is already bad so that multicode usage of CDMA leads to a negligible deterioration

Although OFDM is not yet used in UMTS (which was mentioned as migration benefit for MC-WCDMA based approaches) a corresponding 'evolved UTRAN' might fill the gap between 3G and 4G in a way which could allow a smooth transition to 4G.

3.
Conclusion

We think for DL the following multiple access schemes could be already discarded:

· OFDM/TDMA

· OFDM/FDMA

· OFDMA/TDMA/CDMA with frequency diversity (d1.)

· SC-WCDMA

· MC-WCDMA

and the best approach would be 
· OFDMA/TDMA (which includes an FDMA part: either d1. or d2.)
to achieve reuse=1 method d1. may be better
Depending on special applications a CDMA multiplexing component (like mentioned for OFDMA/TDMA/CDMA) might also be considered.

Considering the latency requirements of the SI it should be taken into account that an optimization of the multiple access scheme/resource allocation/physical layer needs to go together with an optimization of the corresponding MAC/scheduling strategies/signalling.

Only such a joint PHY/MAC layer design will allow for efficient support of bursty (=fast varying) traffic.
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