
3GPP TSG GERAN #38
Tdoc GP-080602TSGG#34 (07)0000
Malaga, Spain
Agenda 7.1.5.6
12 - 16 May 2008
Source: 
Motorola

Title:
MUROS Intra-Cell Interference and TSC Design 

1. Introduction
MUROS [1] is proposed as an enhancement of GSM voice capacity.  Although there are several different MUROS proposals [2]

 REF _Ref197839346 \r \h 
[3]

 REF _Ref197839347 \r \h 
[4]

 REF _Ref197839349 \r \h 
[5], the key idea is to pack two or more users into one time slot.  One simple approach is to exploit signal complex domain by allocating two GMSK (or equivalent BPSK symbols) into in-phase and quadrature phase.  The resulting QPSK-like signal conveys symbols in two sub-channels, which are called OSC (orthogonal sub-channels) [2].  A modification of the approach to handle potential power control in either I- or Q-subchannels is called alpha-QPSK [4].  
As its name suggested, OSC maintains user orthogonality in the sense that the two voice users are not interfering with each other.  This is true when the DL channel has light-of-sight transmission and the channel has only one dominating propagation ray.  In general case with multipath fading channel, these two voice subchannel will interfere with each other due to varying channel phase.  The interference between the two subchannels can be called as intra-cell co-channel interference.  This intra-cell interference is different from other co-channel interference, which is originated from other base stations.  Intra-cell interference is generated by the serving base station, and the interfering signal shares the same channel as that of the desired signal.  Besides, this intra-cell interference power might be greater than the desired signal power when I- and Q-subchannels are transmitting with different power.  The impact of the intra-cell interference shall be carefully studied.
Another important motivation for MUROS is that it can take advantage of widely available DARP capable MS.  These SAIC capable MS can mitigate co-channel interference by rejecting interference power.  It has been reported that SAIC capable MS can meet performance requirement at C/Ic=0dB.  This provides the potential that SAIC could reject the intra-cell interference from MUROS subchannels [6].
For compatibility reason, MUROS users shall use the same blind modulation detection.  Blind detection requires MUROS users in the same timeslot to use different training sequences.  These training sequences differentiate one user from another.  Channel estimation and synchronization are also based on the detection of training sequence.  Intra-cell interference exists for the training sequences part of burst as well.  Although legacy TSC can still be used for MUROS, it would be beneficial to have better TSC to mitigate intra-cell interference between two interfering TSC.
This contribution provides some initial analysis on intra-cell interference between two MUROS users.  Based on the derivation of intra-cell interference, a new set of TSC is designed to mitigate TSC interference.  These TSC can work with legacy training sequences as pairs for better MUROS performance.
2. Intra-Cell and Inter-Cell Co-channel Interference
Let’s consider co-channel interference for MUROS downlink.  Let ak be the transmitting symbols where the real and imaginary parts of ak are two MUROS subchannel symbols.  Denote
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are two MUROS subchannel binary symbols.  Assume discrete channel impulse response is hk (including Tx/Rx filters).  The received discrete symbols yk can be represented as
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where zk is Gaussian white noise.  Usually, match filtering is applied for GSM receiver.  With some math manipulation, the output of the match filter becomes
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where 
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is convolution, and 
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is the autocorrelation of channel impulse response.  
Taking the real and imaginary part of Ik yields the detected symbols for both MUROS subchannels,
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Note the first item of the RHS of the equation is the desired symbol.  The second item of the RHS is the ISI (inter-symbol interference) due to channel delay.  The third item is the interference from the other MUROS subchannel, which is the intra-cell co-channel interference.  This item indicates that the intra-cell interference power is related to the imaginary part of channel autocorrelation.    
3. MUROS Training Sequence Code Design
When they share the same time slot, the two MUROS users use two TSCs (training sequence codes) to allow the receiver to differentiate one from another.  Current legacy TSC may be used together with MUROS by assigning two different TSC for two users; however, these TSC may not be optimal because of their cross-correlation property.  Ideally, the two TSCs shall have very good cross-correlation property to minimize the intra-cell interference.
Assume that pk and qk are two TSCs of the two MUROS subchannels.  The two sequences are in-phase with the corresponding binary subchannel symbols.  The discrete signal of the TSC part at the receiver side is
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where hk is the channel impulse response, and zk is the Gaussian white noise.
Correlation is the usual operation at the receiver side for channel estimation.  The correlation of received yk with TSC pk yields
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The first item of the RHS is the desired channel response.  The second item relates the autocorrelation of TSC pk with delay.  Usually good TSC will ensure the second item be zero.  The third item of the RHS is related with the cross-correlation between the two sub-channel TSC’s.
For best performance for channel estimation, ideally the TSC pk shall satisfy
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(7)
for a limited range of delay l.  The first condition is the autocorrelation condition; and the second condition is the cross-correlation condition between the two sub-channel training sequences.  The legacy TSC have good autocorrelation property.  When -5≤l≤5 and l≠0, these 8 legacy TSC’s have zero autocorrelation.  However, the cross-correlation among the 8 TSC’s is not as good as autocorrelation.  
Based on the given two conditions, an alternative TSC paring with each of legacy TSC is designed.  These new TSC’s are shown in the Annex B.  Each new TSC forms a pair with its corresponding legacy TSC.  The new TSC satisfies the autocorrelation condition.  The cross-correlation between the new TSC and its corresponding legacy TSC is zero when the delay is less than 3.  Table 1 illustrates the cross-correlation value for all pairs of TSC.
Table 1  Cross- Correlation Between Paris of New TSC and Legacy TSC
[image: image11.emf]Delay Taps i=0 i=1 i=2 i=3 i=4 i=5 i=6 i=7

-5 0 -0.25 -0.25 0 0.5 -0.5 0.5 0

-4 -0.25 -0.25 0.25 0.25 0 0 0 0

-3 0.25 -0.5 -0.5 0.25 0.5 -0.5 0.5 -0.75

-2 0 0 0 0 0 0 0 0

-1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0

3 -0.5 0.25 0.25 -0.5 -0.5 0.5 -0.5 0

4 -0.25 -0.25 0.25 0.25 0 0 0 0

5 -0.25 0 0 -0.25 -0.5 0.5 -0.5 1

Xcorr Values of TSC Pairs


4. Conclusion
MUROS intentionally introduces intra-cell interference between voice sub-channels to pack more users into a single time slot.  This intra-cell interference is due to the phase variation of multipath channel, although the two voice sub-channels are orthogonal with AWGN channel.  Some analysis on this intra-cell interference is presented in this contribution.

Based on intra-cell interference analysis, the training sequences of the two sub-channels shall have low (ideally zero) cross-correlation property, and optimal auto-correlation.  With these two conditions, a new set of TSC is presented in this contribution.  Each new TSC shall work as a pair with one of the existing legacy TSC.
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Annex A
TSC Sequences

Legacy training sequence code (TSC)
[image: image12.emf] TSC TSC Symbols

0

+1 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 +1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 

1

 +1 +1 -1 +1 -1 -1 +1 -1 -1 -1 +1 -1 -1 -1 -1 +1 +1 +1 -1 +1 -1 -1 +1 -1 -1 -1 

2

 +1 -1 +1 +1 +1 +1 -1 -1 -1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 +1 -1 -1 -1 +1 

3

 +1 -1 +1 +1 +1 -1 -1 -1 -1 +1 -1 -1 +1 -1 +1 +1 +1 -1 +1 +1 +1 -1 -1 -1 -1 +1 

4

 +1 +1 +1 -1 -1 +1 -1 +1 -1 -1 -1 +1 +1 -1 +1 +1 +1 +1 +1 -1 -1 +1 -1 +1 -1 -1 

5

 +1 -1 +1 +1 -1 -1 -1 +1 -1 +1 -1 -1 +1 +1 +1 +1 +1 -1 +1 +1 -1 -1 -1 +1 -1 +1 

6

 -1 +1 -1 +1 +1 -1 -1 -1 -1 -1 +1 -1 -1 +1 +1 +1 -1 +1 -1 +1 +1 -1 -1 -1 -1 -1 

7

 -1 -1 -1 +1 -1 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 -1 -1 -1 -1 +1 +1 


Annex B
New MUROS Training Sequence Code

[image: image13.emf]New TSC TSC Symbols

0

 -1 -1 +1 +1 +1 -1 +1 -1 -1 -1 -1 +1 -1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 -1 -1 -1 

1

 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1 +1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 

2

 -1 +1 -1 -1 -1 -1 +1 -1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 -1 -1 -1 -1 +1 -1 -1 +1 

3

 +1 -1 +1 +1 -1 +1 +1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1 +1 +1 +1 -1 

4

 +1 +1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 -1 +1 +1 +1 -1 +1 +1 +1 -1 +1 +1 -1 

5

 -1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 +1 +1 +1 -1 -1 -1 -1 +1 -1 +1 +1 -1 +1 

6

 +1 -1 +1 +1 +1 -1 +1 +1 +1 -1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 +1 +1 +1 -1 

7

 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 -1 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 


Each new TSC shall work with its corresponding legacy TSC as a pair.

_1271491705.unknown

_1271491841.unknown

_1271494758.unknown

_1271495341.unknown

_1271587576.unknown

_1271491985.unknown

_1271491731.unknown

_1271491008.unknown

_1271491185.unknown

_1271490927.unknown

