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1. Introduction

This document is an updated version of a previous document (Tdoc GAHW-000221) presented during the GERAN ad hoc #2 meeting Dec 2000 in Orlando, Florida, USA. It deals with mechanisms for multiplexing speech and data over a single time slot and for a single user. Results are now given for all coding schemes (MCS-1 to 9) and additional rationales are provided to demonstrate the advantage of this scheme in the context of high priority data (e.g. SIP). We believe, based on simulation results, that the alternative proposal shows an equivalent level of efficiency as existing proposals while its implementation is simpler.

For sake of simplicity, the review is based on full rate speech traffic channels - TCH/AFS, TCH/FS, TCH/EFS and the corresponding O-TCHs– without loss of generality. The scheme is extendable to Half-Rate channels and Wideband speech. The data channel multiplexed with speech can be either low or high priority depending on the service carried (e.g. Best Effort Data or SIP signalling).

2. Current and future speech bearers

Figure 1 gives a channel identification tree for the current definition of channel coding. The first node decision is based on the type of traffic channel established. The second node decision is based on modulation detection (note that in the case of TCH, GMSK is implicit). The third node decision is based on Stealing bit detection. In the case of PDTCH, possible uncertainties in coding schemes are resolved by header decoding. In the case of AMR, the mode used among the active codec set is detected by decoding the inband channel.
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Figure 1, Identification tree for current traffic channels
In GERAN, the following traffic channel will be introduced. 

	Traffic Channel
	Service

	TCH/WFS
	Wideband AMR speech on GMSK Full Rate 

	O-TCH/AHS
	AMR on 8PSK Half Rate

	O-TCH/AQS
	AMR on 8PSK Quarter Rate

	O-TCH/WFS
	Wideband AMR on 8PSK Full Rate

	O-TCH/WHS
	Wideband AMR on 8PSK Half Rate


Table  1, New speech bearers for GERAN
These new speech bearers can be used on a dedicated channel. Therefore, the following identification tree can be derived. The type of codec is known. In the case of Narrowband and Wideband AMR, the mode used among the active codec set is detected by decoding the inband channel
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Figure 2, Identification tree extension for new 8PSK speech bearers

The performances of a newly proposed SB scheme for 8PSK have been evaluated in [1]. The performances shown are adequate for dedicated channels.

3. Multiplexing mechanism

3.1 New channel combinations and associated requirements

One of the aim of GERAN is to have the possibility to multiplex a TCH or O-TCH along with a PDTCH over a unique timeslot. The new channel combinations over one time slot are listed here:

· in FR: speech or circuit data (streaming) multiplexed with CS1-CS4 and MCS1-MCS9 data

TCH/F + FACCH/F + SACCH/F + PDTCH/F + PACCH/F

or

O-TCH/F + O-FACCH/F + SACCH/F + PDTCH/F + PACCH/F

· in HR : speech or circuit data (streaming) multiplexed with CS1-CS4 and MCS1-MCS9 best effort data

TCH/H + FACCH/H + SACCH/TH + PDTCH/H + PACCH/H

or

O-TCH/H + O-FACCH/H + SACCH/TH + PDTCH/H + PACCH/H

The new combination including the Quarter rate channel is not proposed. 

A list of requirements for the definition of this multiplexing mechanism is as follow [2]:

· 1) No degradation of the speech quality

· 2) Specification and implementation simplicity: no changes to current stealing bit design or existing channel coding

· 3) Best-effort data performance is secondary to that of speech

· 4) Should not preclude legacy transceiver support

· 5) Should be capable of supporting delay-critical interactive data

3.2 Proposed basic scheme

Solution -1- TCH/xFS + FACCH 

A scheme for legacy transceiver support was proposed and seems agreeable. It uses the FACCH physical channel (CS-1 diagonally interleaved) to carry the data channel multiplexed with voice. This solution fulfils most of the requirements and we propose this scheme as a basic solution. 

The FACCH physical sub-channel is already defined for traffic channels like TCH/EFS (EFR), TCH/HS, TCH/FS, TCH/AFS etc. and a O-FACCH is currently under definition for 8PSK speech bearers. Instead of carrying the FACCH logical channel, the multiplexed data channel can carry SIP signalling, RRC or even best effort data. FACCH frames carrying best effort data are transmitted during speech pauses. Figure 2 illustrates the decision tree for detection of the multiplex. No modification of Layer 1 is needed.

Note that the fifth requirement (capable of supporting delay-critical interactive data) can only be fulfilled at the expense of requirement 1 (No degradation of the speech quality). I.e. to carry delay-critical interactive data, speech frames may have to be stolen. Therefore, 4 out of the 5 requirements are fulfilled.

Note also that FACCH and speech frames are diagonally interleaved. During speech pauses, in AMR and when DTX is used, the FACCH is handled like a short speech burst. I.e. it should be preceded by an ONSET and followed by a SID_FIRST frame (see figure 4).

	TDMA#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	speech frames
	1
	2
	3
	4

	FACCH frames
	-
	F1
	-
	-

	even burst positions
	1
	1
	1
	1
	F1
	F1
	F1
	F1
	3
	3
	3
	3
	4
	4
	4
	4

	odd burst positions
	0
	0
	0
	0
	1
	1
	1
	1
	F1
	F1
	F1
	F1
	3
	3
	3
	3

	frame sent to speech decoder
	0
	1
	ND
	3

	Effect on speech
	normal
	Normal
	muting
	normal


Figure 3,  High priority data in TCH/AFS: speech stolen
	TDMA#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	speech frames
	ND
	ND
	ND
	ND

	FACCH frames
	-
	F1
	-
	-

	even burst positions
	-
	-
	-
	-
	F1
	F1
	F1
	F1
	SF
	SF
	SF
	SF
	-
	-
	-
	-

	odd burst positions
	-
	-
	-
	-
	ON
	ON
	ON
	ON
	F1
	F1
	F1
	F1
	-
	-
	-
	-

	frame sent to speech decoder
	ND
	ND
	ND
	ND

	Effect on speech
	CNG
	CNG
	CNG
	CNG


Figure 4, Low or High priority data in TCH/AFS: silence "stolen"

In Figure 3 and Figure 4, provided that the DTX state remains as is, the behaviour is the same if the number of stolen frames is higher. 

	TDMA#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	speech frames
	2
	SF
	SF
	-

	FACCH frames
	F1
	F2
	-
	-

	even burst positions
	F1
	F1
	F1
	F1
	F2
	F2
	F2
	F2
	SF
	SF
	SF
	SF
	-
	-
	-
	-

	odd burst positions
	1
	1
	1
	1
	F1
	F1
	F1
	F1
	F2
	F2
	F2
	F2
	-
	-
	-
	-

	frame sent to speech decoder
	1
	ND
	ND
	SF

	Effect on speech
	Normal
	Muting
	muting
	CNG


Figure 5, Example of FACCH use for high priority data in TCH/AFS: speech to DTX transition

	TDMA#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	speech frames
	ND
	1
	2
	3

	FACCH frames
	F1
	F2
	-
	-

	even burst positions
	F1
	F1
	F1
	F1
	F2
	F2
	F2
	F2
	1
	1
	1
	1
	2
	2
	2
	2

	odd burst positions
	-
	-
	-
	-
	F1
	F1
	F1
	F1
	F2
	F2
	F2
	F2
	1
	1
	1
	1

	frame sent to speech decoder
	ND
	ND
	ND
	ND

	Effect on speech
	CNG
	CNG
	CNG
	normal


Figure 6,  Example of FACCH use for high priority data in TCH/AFS: DTX to speech transition

The case where a change of SCR state occurs during FACCH transmission are handled as defined in 3GPP TS 26.093 to ensure an optimal quality at all time. In particular, handlings of special cases of rescheduling are described in order to avoid false DTX Rx states in the speech decoder. See Figure 5 and Figure 6.

Note that if High priority data are sent during DTX, SID_UPDATE frames are also stolen.

	Symbol
	Definition

	#
	Speech frame number #

	F#   
	FACCH frame number #

	SF
	SID_FIRST frame

	ON  
	ONSET marker

	ND  
	NO_DATA frame

	-
	Nothing Transmitted

	normal
	The speech frame is used for synthesis of speech

	CNG
	Comfort noise is generated

	muting
	Bad Frame handling procedures are used to synthesise the speech


Table  2, Definitions
3.3 Extended optional mechanisms

3.3.1 Description

Solution -2- TCH/xFS + FACCH + MCS-1...MCS4

As for solution -1-, speech and FACCH are diagonally interleaved. Additionally, MCS-1 to MCS-4 are handled as "enhanced" FACCH physical channel. Therefore, as suggested in [3], these GMSK MCSs are modified in such a way that they are diagonally interleaved. The identification tree is depicted in figure 5. Note that stealing bit codewords could be changed to increase the minimum distance of the code.
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Figure 7, Identification tree for new GMSK speech/data multiplex

In the current specifications, PDTCH channels are block interleaved. This is due to the inter user multiplexing capability of GPRS and of E-GPRS. When using one time slot dedicated for a single user, as it is the case for this multiplexing scenario, data can be diagonally interleaved. Diagonal interleaving improves stealing bits detection performances and greatly simplifies receiver operations. Each of these points are addressed in the following. 

3.3.2 Performance comparisons

All GMSK MCSs were simulated to compare between block and diagonal interleaving. The diagonal interleaver used is the one used for TCH/FS. The stealing bits positions are unchanged. Radio conditions are Typical Urban, 3kmph at 900MHz, No Frequency hopping and Ideal frequency hopping with one co-channel interferer and noise. The equaliser uses a LS algorithm. Stealing bits detection was not considered. The complete results are given in the annex.

	MCS
	FH type
	C/I level in dB at 10% BLER

	
	
	Diagonal
	Block

	MCS1
	Ideal
	5.9
	7.0

	
	No FH
	9.2
	9.2

	MCS2
	Ideal
	8.3
	9.1

	
	No FH
	10.7
	11.0

	MCS3
	Ideal
	12.6
	13.6

	
	No FH
	13.7
	13.7

	MCS4
	Ideal
	18.6
	18.0

	
	No FH 
	17.8
	17.0


Table  3, Performance achieved by diagonal interleaving and block interleaving at 10% BLER
Table  3 shows that the performances in diagonal interleaving are better or equivalent (0 to 1dB gain) than the block interleaving for MCSs1 to 3. Block interleaving is better for MCS4 (max. 0.6dB). Overall, this is slightly in favour of a diagonal interleaving.

Regarding stealing bits detection performances, [3] gives performances for optimised stealing bits codeword in the case of diagonal interleaving. These results show that this new stealing bit code is good for correct detection. See Table  4.

	Content
	Stealing Bits
	C/Ico at 1% False Detection

	Speech
	10010010
	2.3 dB

	MCS1-4
	01001001
	

	FACCH / PACCH / CS-1
	00100100
	


Table  4, Stealing bit combinations after deinterleaving for OS2 
on DPSCH full rate and GMSK Traffic - Set 2 (TU3iFH 900Mhz).
(Copied from GAHW-000062)

In HR, a 40 ms based detection scheme (as possible to do for FACCH) is adequate. The mapping of the new diagonal MCS would follow the one of the FACCH.

3.3.3 Receiver operations

Compared to regular FACCH mechanism, the new operations in the layer 1 operations of the receiver are :

· detection of the GMSK MCSs stealing bits combination.

This detection is already performed diagonally to detect between FACCH, Speech and AMR markers. The addition of one codeword is simple.

· decoding of the MCSs header and data

With this solution, the layer 1 receiver remains stateless which is not the case for proposal in [2]. Also, with this solution, the DTX Rx and Tx handlers are left unchanged.

3.4 8PSK speech and MCSs

The solution can be extended to 8PSK as a solution –3-

3) O-TCH/xFS + O-FACCH + MCS-5... MCS-9

In that case, the modulation is restricted to 8PSK throughout the communication.

All 8PSK MCSs were simulated to compare between block and diagonal interleaving. The "inner" interleaver used is the same as the block one but resulting bits are mapped diagonally over 8 bursts. The stealing bits positions are unchanged. Radio conditions are Typical Urban, 3kmph at 900MHz, No Frequency hopping and Ideal frequency hopping with one co-channel interferer and noise. The equaliser uses a LS algorithm. Stealing bits detection was not considered. The complete results are given in the annex.

	10% BLER
	C/I level
	(dB)
	

	iFH
	Block
	Diag
	Diag gain

	MCS5
	11,0
	8,7
	2,3

	MCS6
	13,5
	12,9
	0,6

	MCS7
	19,5
	19,0
	0,4

	MCS8
	25,2
	25,5
	-0,3

	MCS9
	27,4
	28,6
	-1,2

	
	
	
	

	nFH
	Block
	Diag
	Diag gain

	MCS5
	15,2
	14,7
	0,5

	MCS6
	17,3
	17,3
	0,1

	MCS7
	21,4
	21,1
	0,3

	MCS8
	24,9
	25,4
	-0,5

	MCS9
	26,8
	27,7
	-0,8


Table  5, Performance achieved by diagonal interleaving and block interleaving at 10% BLER

	10% BLER
	C/I level
	(dB)
	

	iFH
	Block
	Diag
	Diag gain

	MCS5
	11,0
	8,7
	2,3

	MCS6
	13,5
	12,9
	0,6

	MCS7
	19,5
	19,0
	0,4

	MCS8
	25,2
	25,5
	-0,3

	MCS9
	27,4
	28,6
	-1,2

	
	
	
	

	nFH
	Block
	Diag
	Diag gain

	MCS5
	15,2
	14,7
	0,5

	MCS6
	17,3
	17,3
	0,1

	MCS7
	21,4
	21,1
	0,3

	MCS8
	24,9
	25,4
	-0,5

	MCS9
	26,8
	27,7
	-0,8


Table  5
 shows that the performances in diagonal interleaving are better or equivalent (0.1 to 2.3dB gain) than the block interleaving for MCSs5 to 7. Block interleaving is better or equivalent for MCS8 and 9 (from 0.3 to 1.2dB gain). Overall, this is slightly in favour of a diagonal interleaving.

3.5 Mixed modulation case

When using 8PSK coding schemes and GMSK coding schemes modulation changes have to be performed at block boundaries. With the proposed solution, in AMR, this is easily performed at the beginning of a silence period and at the beginning of a speech period since SID_FIRST and ONSET frames are here to fill the blocks. So the solution is straightforward when low priority data are carried.

For high priority data, stealing a frame using a different modulation implies that one frame is filled with dummy frame at the boundaries of the change. This loss is to be compared to the number of modulation changes due to high priority data. One can also decide to avoid these cases by enabling modulation changes only at speech period boundaries.

3.6 Performances in the context of high priority data (e.g. SIP signalling)

The use of multiplexing for conveying high priority data adds to the complexity of interpreting the link level results. Even though some of the link level performances of the block-interleaved proposal are better than the diagonal interleaving (where coding rates are high), these performances are hiding the problem of the interleaving switch. 

In the block-interleaved case, in Full Rate, each time n blocks have to be sent, one extra frame is stolen to fit the markers (FORCE_SILENCE and ONSET). Every time n blocks have to be transmitted, n+1 speech frames are lost in Full Rate. For example, every time a block has to be retransmitted - which is the often case when operating at 10% BLER- 2 speech frames are stolen. This is a major drawback.

In the diagonally interleaved case, in Full Rate, every time n blocks have to be transmitted, n speech frames are stolen. This is also applicable in case of retransmission. Therefore, the diagonally interleaved multiplexing minimises the impact on speech quality.

4. Conclusion

A simple extension of the existing FACCH mechanism is proposed for speech and data multiplexing over one time slot. This scheme is compatible with the requirements and supports both GMSK and 8PSK speech. Performance results indicates that this alternative proposal shows an equivalent level of efficiency as existing proposals for MCS1 to MCS9 while its implementation is simpler. Additionally, in the context of high priority data, this scheme performs better than the block-interleaved solution regarding the impact on speech quality.
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6. Annex: simulation results

The simulation tool used is the same as the one used during the performance requirement definition of EDGE channels. Here are the simulation parameters:

A maximum of 10000 frames were simulated except when at least 100 frames were erased in the BLER estimation. 

Radio parameters

· Profile: Typical Urban, uplink channel

· MS speed: 3kmph

· Frequency Hopping: both ideal and no FH

· Interferer: one GMSK co-channel interferer

· Carrier frequency: 900MHz

MCS1 to 4, No FH.
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