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MULTIBEAM SATELLITE USER DOWNLINK
− 5G Satellite Networks envisage 

very high throughput demands
− Multibeam systems 

with very high spectral reuse
− Co-channel interference

becomes major issue

Forward link
1. Precoding at gateway
2. MUD at user terminal
3. Novel intermediate approach
̶ SC-SCD
̶ NCRS



• Achievable rates analysis 
under Gaussian signaling,  
system level simulations.

• Time offset between 
cooperating beam 
signals…Implications?
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TRANSCEIVER STRATEGIES

Superposition coding with successive 
cancellation decoding  (SC-SCD)

Non-coherent rate splitting (NCRS)

Suitable scheme for degraded broadcast 
channels 
• weak/strong user

Evolved from idea to increase the
GDoF metric in MIMO channels

• Interference enhancement (ENH)
• Public and private messages • Common and private messages
• Suitable rate assignment • Suited rate assignment

Appealing since insensitive to the channel 
phase

Modification required to avoid channel 
phase dependence

 Take advantage of CCI  rate splitting, superposition coding
 Limited amount of CSIT needed  only channel amplitudes
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TRANSCEIVER STRATEGIES

1. 𝐸𝐸𝑠𝑠𝜆𝜆1𝑥𝑥1 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆1 𝑥𝑥2 𝑘𝑘

2. 𝐸𝐸𝑠𝑠𝜆𝜆2𝑥𝑥4 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆2 𝑥𝑥3 𝑘𝑘



TRANSCEIVER STRATEGIES

̶ SC-SCD

1. 𝐸𝐸𝑠𝑠𝜆𝜆1𝑥𝑥1 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆1 𝑥𝑥2 𝑘𝑘

2. 𝐸𝐸𝑠𝑠𝜆𝜆2𝑥𝑥4 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆2 𝑥𝑥3 𝑘𝑘

i 3i-1

NCRS

1. 𝐸𝐸𝑠𝑠𝜆𝜆1𝑥𝑥1 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆1 𝒙𝒙𝟐𝟐 𝒌𝒌

2. 𝐸𝐸𝑠𝑠𝜆𝜆2𝑥𝑥4 𝑘𝑘 + 𝐸𝐸𝑠𝑠 1 − 𝜆𝜆2 𝒙𝒙𝟑𝟑 𝒌𝒌

i 3i-1
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ACHIEVABLE RATE REGION ANALYSIS
Mutual information rates 𝑀𝑀𝛽𝛽

Symbols modeled as:
̶ Long sequences. 
̶ i.i.d. complex-Gaussian RVs 

(mean 0, variance 1).

Closed-form expressions using 
̶ Schur complement. 
̶ Asymptotic properties of 

sequences Toeplitz matrices.



ACHIEVABLE RATE REGION ANALYSIS
Mutual information rates 𝑀𝑀𝛽𝛽, 𝛽𝛽 ∈ 1,2
For given
‒ Weight factors 𝝀𝝀=(𝜆𝜆1, 𝜆𝜆2)
‒ UT role distribution, (𝑖𝑖)
‒ Channel coefficients 

(𝑯𝑯=(ℎ1,1,ℎ1,2,ℎ2,1,ℎ2,2))
‒ TO (𝝉𝝉=(𝜏𝜏1, 𝜏𝜏2))

Region of achievable rate pairs

ℛ𝑖𝑖 𝑯𝑯,𝝀𝝀, 𝝉𝝉
= 𝑅𝑅1,𝑅𝑅2 : 0 ≤ 𝑅𝑅1 ≤ 𝑀𝑀1, 0 ≤ 𝑅𝑅2 ≤ 𝑀𝑀2

Main observations:

1. Independent of integer part of 
𝜏𝜏𝛽𝛽
𝑇𝑇𝑠𝑠

2. Independent of sign of TO
3. Independent of channel phases
4. Minimum for zero TO

ℛ 𝑯𝑯, 𝝉𝝉 = conv �
𝝀𝝀,𝑖𝑖

ℛ𝑖𝑖 𝑯𝑯,𝝀𝝀, 𝝉𝝉

ℛ 𝑯𝑯 = conv �
𝝉𝝉

ℛ 𝑯𝑯, 𝝉𝝉 𝐨𝐨𝐨𝐨 𝓡𝓡 𝑯𝑯,𝟎𝟎



NUMERICAL RESULTS
Achievable rate region 𝓡𝓡 𝑯𝑯, 𝝉𝝉
in bps/Hz 

• SC-SCD, NCRS 
• 𝑝𝑝 𝑡𝑡 : square-root cosine rolloff
• 20% rolloff

• Fractional part 
𝜏𝜏𝛽𝛽
𝑇𝑇𝑠𝑠

: ℰ𝜏𝜏 ∈ 0,0.4

• 𝛾𝛾𝑖𝑖,𝑗𝑗 = 𝐸𝐸𝑠𝑠 ℎ𝑖𝑖,𝑗𝑗
2

𝑁𝑁0,𝑖𝑖
, (𝛾𝛾1,1, 𝛾𝛾1,2, 𝛾𝛾2,1, 𝛾𝛾2,2)

= (14, 4, 4, 14) dB



NUMERICAL RESULTS
Achievable rate region 𝓡𝓡 𝑯𝑯, 𝝉𝝉
in bps/Hz 

• SC-SCD
• 𝑝𝑝 𝑡𝑡 : square-root cosine rolloff
• 0%, 20%, 50% rolloff

• Fractional part 
𝜏𝜏𝛽𝛽
𝑇𝑇𝑠𝑠

: ℰ𝜏𝜏 ∈ 0,0.2,0.5

• 𝛾𝛾𝑖𝑖,𝑗𝑗 = 𝐸𝐸𝑠𝑠 ℎ𝑖𝑖,𝑗𝑗
2

𝑁𝑁0,𝑖𝑖
, (𝛾𝛾1,1, 𝛾𝛾1,2, 𝛾𝛾2,1, 𝛾𝛾2,2)

= (14, 4, 14, 14) dB



CONCLUSIONS

Achievable rates for SC-SCD and NCRS 
̶ Closed-form expressions for non-zero TO, ℛ𝑖𝑖 𝑯𝑯,𝝀𝝀, 𝝉𝝉

̶ Independent of integer part of 
𝜏𝜏𝛽𝛽
𝑇𝑇𝑠𝑠

, sign of TO and channel 

phases
̶ Minimum for TO = 0

No TO information at GW 
 achievable rates are those for TO = 0
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