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Comparision of MUROS 
Candidates Techniques in MUROS TR 
1. Introduction

The MUROS study item was opened at GERAN#36 almost one year ago. Different proposals have been submitted so far, a part of the proposals being included in the MUROS TR [1] at GERAN#39, which now includes four major candidate techniques. 

This document discusses the different candidate proposals foreseen for MUROS, which are included in the TR to date. The evaluation has been done benchmarking the proposed techniques against the defined performance and compatibility objectives in section 5 of the MUROS TR [1]. 

This document is structured in the following: Section 2 analyzes the different candidate techniques in more detail, section 3 provides the benchmarking against performance and combatibility objectives and section 4 finally provides the conclusions of the comparison. 
2. Analysis of the CAndidate Proposals
This section provides an analysis of the major drawbacks of each of the candidate proposals for MUROS, whilst section 3 reflects the benchmarking.  

2.1 “Co-TCH” Candidate Proposal
Major drawbacks of this proposal are: 
1) If implemented as a combination of both signals over the air, i.e. two separate GMSK carriers transmitted in the downlink at the same time on the same timeslot using two different TRXes of the BTS, it does not provide gains in hardware efficiency. 

2) If the two carriers are combined at baseband, there is no difference to other proposed candidate techniques like OSC since both require a linear power amplifier. In this case the BTS architecture would need to support two GMSK modulators per TRX, have a linear power amplifier but no QPSK or 8-PSK modulators per TRX available. This is considered as an unrealistic scenario for a BTS architecture.
3) Network evaluation and network planning impacts are missing.

4) No enhancement using wider TX pulse shape on DL is envisaged. It is unclear whether due to the superposition of two moduulated signals there is the same order of link performance improvement as shown by QPSK using an optimized RRC pulse shape filter. 
2.2  “Orthogonal Sub Channel” Candidate Proposal

Major drawbacks of this proposal are: 
none.
2.3 “Adaptive Symbol Constellation” Candidate Proposal
Major drawbacks of this proposal are: 
1) Adaptive symbol rotation including rotation of PI/4 can only be used if two  new MUROS capable mobiles are multiplexed. It is anticipated that MUROS deployment will most likely need to support the scenario where there is a legacy DARP or non-DARP mobile on one of the subchannels.

2) There are no gains seen for adaptive symbol rotation of PI/4 in interference limited environments. In contrast legacy DARP mobile’s performance experiencing external interferers with such adaptive symbol rotation will suffer by about 0.5 dB. For alpha = 0.77 a loss of 0.65 dB was observed. This is depicted in Figure 1 for a legacy DARP mobile implementation. 
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Figure 1: Performance of legacy DARP mobile for different symbol rotation angles of the external QPSK modulated interferer in 
interference limited networks (Nokia).

It should be noted that whilst the gains by using PI/4 instead of PI/2 are only seen by the new MUROS mobiles in sensitivity limited scenarios, the losses depicted below are perceived by all the legacy DARP mobiles in the field in the neighbour cells in all circumstances. Thus the overall system performance with PI/4 rotation is expected to be inferior. Also Lower PAR for sensitivity limited scenarios will partially be offset by loss due to need for blind rotation detection. 

3) For joint detection mobiles blind angle estimation together with blind alpha estimation will lead to a performance loss. In case of alternative alpha signalling a reduced flexibility to vary alpha during a SACCH multiframe has to be taken into account and hence there are restrictions to combine it with the proposed Frequency Hopping scheme on burst level.

4) Frequency Hopping scheme for MUROS cannot be used to multiplex new and legacy mobiles, since hopping sequences are not compatible and hence a resource segregation cannot be avoided. Also compatibility issues with legacy TRX architectures have been pointed out. 

5) Network evaluation and network planning impacts are missing.
2.4 “Higher Order Modulation for MUROS” Candidate Proposal

Major drawbacks of this proposal are: 
1) The compatibility objective to coexist with legacy mobiles using full rate codecs cannot be meet.

2) The proposed concept has been refined at GERAN#39 and at MUROS telco#6 introducing a new multiplexing of users allowing to contol the power by defining different constellation weights for each user. However the signalling related to the multiplexing of users is still unclear. 

3) The concept is expected to impact on existing control message sizes, i.e. associated control messages, hence considerable effort has to be spent in Layer 2 and Layer 3 adaptation. 
4) Sensitivity Performance has not been shown so far.

5) Design and performance of associated control channel signalling is left unclear or missing, respectively.
6) Network evaluation and network planning impacts are missing.

3. BenchMarking of CAndidate Proposals

This section includes the benchmarking against performance objectives in Table 1 and against compatibility objectives in Table 2. Note in both tables the term “SAIC mobile” includes also DARP phase I mobiles.
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Table 1 Comparison of MUROS candidate techniques – performance objectives.

[image: image3.png]Candidate Techniques proposed in MUROS

Objective

C1: Maintainance of Voice Quality
1) voice quality should not decrease as perceived by the
user.

2) Avoice qualiy level better than for GSM HR should be
ensured

Co-TCH

UncleariFFs.
1) tis assumed that channel mode adaptation
(CMA) takes place if quality in co-TCH channel
egrades.

2 Minimum FER thresholds have been defined
inthe TR, that need to be evaluated by system
level analysis.

Orthogonal Sub Channels

Fuifiled.
1) tis assumed that channel mode
adaptation (CMA) takes place if qualityin 0SC|
channel degrades.

2) Minimum FER thresholds have been
defined in the TR, that have heen taken into
accountin system level analysis.

Adaptive Symbol Constellation

Expected to be fulfled
1) tis assumed that channel mode
adaptation (CM#) takes place if quality in
alpha-QPSK channel degrades.

2) Minimum FER thresholds have been
efined in the TR, that need to be evaluated
by systern level analysis.

Higher Order Modulation for MUROS

UncleariFFs.
1) tis assumed that channel mode adaptation
(CMA) takes place if quality in HOM for MUROS
channel degrades. Howsver itis unclear how this
s performed, ifa user is switched to a more robust
constellation weight or to a non-MUROS channel
2) Minimum FER thresholds have been defined in
the TR, that need to be evaluated by system level
analysis

C2: Support of Legacy Mobile Stations
1) Support of legacy MS wio implementation impact
2) First piority on supportoflegacy DARF phase 1
terrminals, second priority o support of legacy GMSK
terminals not supporting DARP phase 1

Unciear  FFS.
1) With power assignment procedure in DL,
lboth legacy non-SAIC MS and legacy -SAIC MS
are expected to be multiplexed

2) Performance for SAIC MSs available, for non-
SAIC M3 pending for sensitiity and MTS-1 to
MTS-4 scenarios, only shown in AWGN
channel,

Expected o be fulfiled
1) Link level performance for of mix of SAIC
and non-SAIC mobiles shown at GERAN#30
Results from other vendars da confirm our
resuls.

2) Syster level performance for 100 % DARP
mobiles shown at GERAN#39, inclusion of
legacy non-SAIC MS ongoing.

Nt furiled.
1) Adaptive symbol rotation using U4 phase
offsst s not compatible to legacy SAIC MS
and hence not applicable.

2) Performance for SAIC MS considered but
als0 mix of legacy SAIC and non-SAIC MS
has been studied

Not fufiled.
1) This candidate requires the supportof Higher
order modulation schemes both in DL and UL.
New mobiles are needed to benefit rorm this
proposal, hence the feature cannot be used neither
for existing non-SAIC nor for SAIC mobiles

2) Priority lies on introduction of new Higher arder
modulation capable MS's.

C3: Implementation Impacts to new MS's
1) change MS hardware as litle a5 possible

2) Adaltional complexity interms of processing power and
mermory should be keptto a minimurn

Expected o be fulfiled
1) Depends on capabilties of MS HW platiorm
2) For new S ncrease in computational load
due to awareness of TSC of paired subchannel
thus yielding a higher signal processing load.
However itis yst unclear, how power
assignment procedurs impacts on MS
complexty.

Fulfilen.
1) Depends on capabiliies of MS HIY
platiorm.

2) For new S increase in computational
l0ad due to awareness of TSC of paired
subchannel thus yielding a higher signal
processing load. For SC only 3 different
constellations are defined hence additional
complexity in new MS is rather low.

Expected o be fulfiled
1) Depends on capabiliies of MS HIY
platiorm.

2) For new MS increase in computational
l0ad due to awareness of TSC of paired
subchannel thus yielding a higher signal
processing load. Additional efort by angle
estimation and alpha estimation, ifalpha is
not signalled.

Nt ufiled.
1) Change of HW platform expected due to new.
{transmit and receive part for higher order
modulation support.

2 Both RF and B8 partneed to be upgraded.

C: Implementation Impacts to BSS
1) Change BSS hardware as litle as possible and HY
Upgrades to the BSS should be avoided

2) Any TRX hardware capatle for MUROS shall support
legacy nor-SAIC mobiles and SAIC mobiles

3) Impacts to dimensioning of resources on Abis interface
shall be minimised.

Nt furiled
1) BTS HW changs required for cases whers a
[TRX does not support two modulators

2) This depends on BTS architecture.

) Impact s to reserve a higher number of
subchannels an Abis interface and possibly
use another packet Abis technology.

Fuifiiea.
1) No BTS HW change required, since QPSK
and 8-PSK are supported on EDGE capatle
BTS. JD or SIC receiver needed.

2) For EDGE capable BTS this is usually the
case.

) Impact s to reserve & higher number of
subchannels an Abis interface and possibly
use another packet Abis technology.

Unclear | FFS.
1) Depends on capabilties of BTS HW
platiorm related to adaptive symbol
constellation

2) This depends on BTS architecture.

3) Impact s 1o reserve a higher number of
subchannels an Abis interface and possibly
use another packet Abis technology

Nt fufiled
1) BTS HW changs required for cases whers new
Higher arder modulations are not supported.

2) This depends on BTS architeciure.

) Impact s to reserve a higher number of
subchannels an Anis inferface and possibly use
another packet Abis technology

C5: Impacts to Network Planning
1) Impacts to network planning and requency reuse shall
be minirmised

2) Impacts to legacy M interfered on downlink by the
MUROS candidate technique stiould be avoided in case of
usage of a wider ransmit pulse shape on downlink.

3) Furthermore investigations shall be dedicated into the
usage atthe band edge, atthe edge of an operator's band
allocation and in country border regions where no
frequency coordination are in place

Unclear/ FFS.
1) Notyst described in TR

2) wider TX pulse shape not proposed.
9 NA

Expected o be fulfiled
1) Impacts described in TR

2) Impacts on legacy MS reception for wider
[TXpulse shape need to be further
investigated

3) Wider T pulse shape s not expected to
e used at band edge or at the edge of an
operator's allocation

Unciear  FFS.
1) Notyst described in TR Unclear how
legacy MS's interwork with new Frequency
Hopping scheme for MUROS based on MAIO
hopping approach

2) Wider TX pulse shape not proposed.

9 NA

Unclear/ FFS.
1) Notyst described in TR

2) wider TX pulse shape not proposed.
9 NA





Table 2 Comparison of MUROS candidate techniques – compatibility objectives.

4. CONCLUSIONS

This document has discussed the different candidate techniques foreseen for MUROS, which are included in the Technical Report [1] to date. 

Among the proposed candidates the Orthogonal Subchannel Concept was evaluated to perform best against the defined performance and compatibility objectives. 

Whilst both candidates Higher Order Modulation for MUROS and co-TCH are not fulfilling either performance or compatibility objectives, the Adaptive Symbol constellation concept is yet to show superior performance over Orthogonal Subchannel concept. 

Thus it is proposed to include both tables in section 3 into the MUROS TR and to agree on the above stated conclusion to allow for opening now the work item on MUROS after almost 1 year of study in 3GPP and as requested by operators [2].  
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