3GPP TSG GERAN Meeting #54




       

 
  








TDoc GP-120542
Sanya, P. R. China, 14 May - 18 May 2012
    










Agenda Item: 7.1.5.2.3
<>

Source: MediaTek Inc.

Voice Enhancements with Repeated Downlink Orthogonal Sub Channels
1.
Introduction
1.1
Repeated DL FACCH and Repeated SACCH
Repeated DL FACCH and Repeated SACCH have been standardized in GERAN as Rel-6 specifications. The repetition of coded bits has been implemented in control channels associated with voice. The time diversity between FN (Frame Number) and FN+8 improves the decoding performance effectively [1].

1.2
Downlink Orthogonal Sub Channels 
VAMOS (Voice service over Adaptive Multi-user channels on One Slot) [2][3] has been standardized in GERAN as Rel-9 specifications for voice capacity evolution [4], and allows operators to refarm GSM voice spectrum to broadband data applications in the future [5][6]. AQPSK modulation (2 bits per symbol) has been implemented in DL (Downlink) with 2 OSC (Orthogonal Sub Channels). In some use cases, there may be only one active OSC, either the other OSC enters DTX (Discontinuous Transmission), or the other OSC has not been used.
1.3
Way Forward for Voice Enhancements
This document follows up the way forward for voice enhancements, as proposed in [7]. 
Legacy TCH/H can reduce the DL transmit duty (also the DL interference to other cells) by half, and also allows 2 users per slot as VAMOS TCH/F to increase GSM voice capacity. However, due to the reduction of coded bits by half, the higher C/I requirement may restrict the applications in higher interference cells.
DL OSC allowed the repetition of coded bits from one active OSC into the other unused OSC, when there is only one active OSC, named as Repeated DL OSC. We started considering this concept for MS energy saving at GERAN#53 [8][9][10], and continued considering this concept for voice enhancements, named as Repeated DL TCH, with the time diversity between FN (Frame Number) and FN+2. 

Figure 1 showed the existing Repeated DL FACCH and the proposed Repeated DL TCH/HR, where % is modulus, the original coded bits are in green, the repeated coded bits are in yellow, F and T in Repeated DL FACCH bursts denotes FACCH and TCH respectively, 0 and 2 in Repeated DL TCH/H bursts are the FN%13%4 of the active OSC. Repeated DL FACCH steals an additional radio block of FN+8/9 to allow the repetition. Repeated DL TCH only borrows the other unused OSC. We believe the time diversity of the proposed Repeated DL TCH could improve the decoding performance as the existing Repeated DL FACCH, thus lower the C/I requirement.
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Figure 1. Repeated DL FACCH and Repeated DL TCH/H. 
2.
Concept Description 
2.1
Summary of Downlink Concept
When there is only one active OSC (i.e. VAMOS DTX), BTS transmitter keeps the AQPSK modulation (2 bits per symbol), instead of returning GMSK modulation (1 bit per symbol). The coded bits of the active OSC can be repeated into the other OSC with the time diversity between FN and FN+2. MS receiver can demodulate the AQPSK signals [11][12] with 2 OSC, and combine coded bits and their repetition with the time diversity. 
This performance gain (referred to Section 3) can lower the DL C/I requirement than returning GMSK modulation, and allow BTS to reduce DL signal level (also the DL interference to other cells). We agree the impact of GMSK interference with higher DIR (Dominant to rest of Interferer Ratio) [13] may be less than AQPSK interference [9]. VAMOS MS performance [14] was already guaranteed with AQPSK interferences. We believe network planning should also guarantee Speech QoS (Quality of Service) with the worse AQPSK interferences, instead of relying VAMOS DTX returning to GMSK interference. 

This management of returning GMSK modulation or keeping AQPSK modulation may depend on DL quality condition or radio resource optimization [15], and need further study in GERAN.
Figure 2 showed the repetition of Repeated DL TCH/F and TCH/H as red arrows.
[image: image2.emf]FN%13%4 0 1 2 3

OSC0 bits 0 1 2 3

OSC1 bits 2 3 0 1

OSC0 bits 0 2

OSC1 bits 2 0

Repeated

DL TCH/F

Repeated

DL TCH/H


Figure 2. Repeated DL TCH/F and TCH/H. 

2.2
Burst Structure
The burst structure should be compatible with the existing bursts [16][17]. Figure 3 showed the burst structure of Repeated DL TCH, where the existing tail bits and guard bits are in grey, and the repetition of coded bits are in yellow, training sequence bits and stealing flags are in red and need further study in GERAN. We believe that there exists candidate solution that could provide the information for the active OSC MS to detect the dynamic availability of the Repeated DL OSC effectively, and should also avoid the false detection of the other inactive OSC MS. We also believe the candidate solution does not require the definition of new TSC set.
We assume there is no additional signalling from BTS to indicate VAMOS DL DTX [18].
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Figure 3. Burst structure of Repeated DL TCH.
2.3
RR Signalling
The Repeated OSC should only give to the MS with Repeated DL OSC capability, or it may become a waste occupying some of the carrier power. So MS should provide the radio access capability indication of Repeated DL OSC for BTS to manage the requirement to provide the Repeated DL OSC. 
Figure 4 showed the RR signalling of Repeated DL TCH.
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Figure 4. RR signalling of Repeated DL TCH.
2.4
MS Energy Saving

When Repeated DL OSC is given and DL quality is good, MS can spent the DL RF duty of 1 burst (i.e. FN%13%4=0) and get the reliable coded bits of 2 bursts (i.e. 0 in green,2 in yellow). So the DL RF duty of the other burst (i.e. 2 in grey) could be eliminated, based on the link quality measure of the received burst (i.e. FN%13%4=0). The UL RF duty elimination has been implemented as DTX (Discontinuous Transmission) with VAD (Voice Activity Detection) and CNG (Comfortable Noise Generator) [19]. We believe that this DL RF duty elimination could be the potential complement for MS energy saving. 
Figure 5 showed the DL RF duty elimination of Repeated DL TCH in grey.
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Figure 5. DL RF duty elimination of Repeated DL TCH.
3.
Performance
3.1
TCH/AHS Performance
Figure 6 and 7 showed the FER performances of TCH/AHS7.4 and TCH/AHS5.9 at Band GSM 900, VDTS-1, TU50 noFH. We could observe that VAMOS TCH/AHS (SCPIR 0 dB) in green has <3 dB loss than Legacy TCH/AHS in red, even only half of the total carrier power was given to one VAMOS subchannel. Given the similar carrier power, Repeated TCH/AHS with AQPSK in yellow showed good FER performance gain than Legacy TCH/AHS with GMSK modulation. Here a reference VAMOS-II MS was draft evaluated, and 0.5 dB loss of Repeated OSC detection (referred to Section 2.2) was reserved.
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Figure 6. FER performance of TCH/AHS7.4 at Band GSM 900, VDTS-1, TU50 noFH.
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Figure 7. FER performance of TCH/AHS5.9 at Band GSM 900, VDTS-1, TU50 noFH.
4.
Implementation Aspects 
4.1
BTS Implementation Aspects
Figure 8 showed the BTS implementation aspects, where a new building block for creating the time diversity of Repeated DL OSC was in yellow. Existing critical building blocks of speech coding, channel coding, burst mapping, and AQPSK modulation could be transparent with no or minor modification. We believe this should be affordable for BTS vendors. More details need further study in GERAN.
4.2
MS Implementation Aspects 

Figure 8 also showed the MS implementation aspects, where a new building block for combining the time diversity of Repeated DL OSC was in yellow. Existing critical building blocks of building blocks of speech decoding, channel decoding, burst demapping, and AQPSK demodulation could be transparent with no or minor modification. We believe this should be affordable for MS vendors. More details need further study in GERAN.

[image: image8.emf]Speech Coding

Channel Coding

BTS Transmitter

Speech Decoding

Combining the time diversity of 

Repeated OSC

AQPSK Demodulation

MS Receiver

Burst Demapping Burst Mapping

AQPSK Modulation

Repeated

DL TCH

Creating the time diversity of 

Repeated OSC

Channel Decoding


Figure 8. BTS and MS implementation aspects.
5.
Conclusions 
Repeated DL OSC is believed to have a high potential for voice enhancements, but would need further study in GERAN. It’s believed that GERAN should agree to either reopen the Rel-9 VAMOS study [18] or open a new work item with proper scope on the introduction of Repeated DL OSC.
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