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Mapping of SACCH for VAMOS
1. Introduction
In GSM, circuit-switched point-to-point transmission of speech is specified in a way that at any given point in time data transmitted in a burst pertains only to a single point-to-point connection. In order to increase system capacity for speech, 3GPP TSG GERAN currently works towards specifying a multiplexing technology, VAMOS, which allows the transmission of two data streams pertaining to two different point-to-point connections simultaneously during a burst [4].

This document proposes an optimized mapping of the frames of the Slow Associated Control Channel (SACCH) in the GSM multi frame structure when two users are multiplexed on the same physical resource. The benefit of the proposed mapping is that the link performance for SACCH benefits from Discontinuous Transmission (DTX) in the same way as the link performance for the corresponding Traffic Channel (TCH) does. 
2. Problem

During DTX, the TCH part of one of the two VAMOS subchannels might be inactive. Thus, the performance situation for the MS using the other VAMOS subchannel is improved since nothing is transmitted on the first channel. 

For the TDMA frames carrying SACCH, DTX mode does not provide any benefit. The SACCH is never turned off, even if nothing is transmitted on the corresponding TCH. Thus, the interference situation during TDMA frames used for SACCH remains unchanged. Considering that the link level performance for the TCH improves in DTX but remains unchanged for SACCH, this results in a performance improvement imbalance between TCH and SACCH. As a consequence, connections might be terminated by the MS due to control channel failures (“call drop”) although the link quality of the traffic channel would still be sufficiently high to provide speech service with reasonable quality. 
3. Proposed solution
3.1. Description
A new mapping of the SACCH for full rate (Figure 1) and half rate (Figure 2) VAMOS subchannels is proposed. The location of the SACCH is changed by either 4 (a) or 8 (b) TDMA frames. The detailed mapping for option (a)
 can be found in Table 3. 
The new mappings are proposed both for uplink and downlink direction.

Since the SACCH frames of the VAMOS subchannels do not overlap in these mappings, the benefits of DTX apply also for the SACCH (and not only for the TCHs), i.e., if the traffic channel on one VAMOS subchannel is in DTX, the interference for both TCH and SACCH of the other VAMOS subchannel is reduced simultaneously. Thus, performance between control and traffic channels remains balanced.

This method is also applicable in the case that one VAMOS subchannel is configured to carry TCH/FS and the other to carry TCH/HS. The resulting mapping is an original mapping for the TCH/FS or (both) TCH/HS on one VAMOS subchannel and one of the new mappings for the TCH/FS or (both) TCH/HS on the other VAMOS subchannel. 

Note that compared to the proposal in [4], the original mapping is not shifted as a whole, i.e. no TCH or SACCH frame is moved from one (26-frame) multiframe to the next one. The TCHs are just re-arranged in a (26-frame) multiframe so as to accommodate for different positions of the SACCH frames. 

3.2. Impact to specifications and side effects

3.2.1. Mapping of comfort noise frames for FR, HR, and EFR

For some speech codecs (FR, HR, EFR) information on background noise (SID) is sent during DTX in a predefined set of TDMA frames, specified in [1] section 8.3:

Table 1 Mapping of SID frames for FR, HR, and EFR

	Type of channel
	TDMA frame subset always to be transmitted

	
	TDMA frame number (FN) modulo 104

	TCH/F
	52, 53, 54, 55, 56, 57, 58, 59

	TCH/HS,subchannel 0
	0, 2, 4, 6, 52, 54, 56, 58

	TCH/HS,subchannel 1
	14, 16, 18, 20, 66, 68, 70, 72


For the mappings proposed in Figure 1 (a) and Figure 2 (a), the TDMA frames for SID mapping specified in Table 1 could be reused, since the new SACCH mapping does not coincide with the mapping of the SID frames. The mappings proposed in Figure 1(b) and Figure 2  (b), however, require a new mapping for the SID frames. When defining this mapping, care has to be taken that the SID frame mapping does not overlap with the SACCH frames of the other VAMOS subchannel since this would re-establish the link level performance issue during DTX (i.e., the interference for SACCH frames does not change even if the other VAMOS subchannel is in DTX mode).

3.2.2. Pairing with two users in turn

The concept of VAMOS implies that 2 users are multiplexed on the same time slot. The assumption so far was that once a pair has been selected by the base station this pairing remains in effect until one of the corresponding connections is terminated. However, this assumption is not valid – even according to the current specification [1] – if on one VAMOS subchannel TCH/FS is used and on the other VAMOS subchannel two TCH/HSs. In this case, the base station has to find two pairs ((FR, HR subchannel 0) and (FR, HR subchannel 1)).  
With the proposed SACCH position for HR channels in , the pairing changes after every TDMA frame used for SACCH. The user on VAMOS subchannel A is thus paired with each of the two users of VAMOS subchannel A in turn. This affects the scheduling algorithm in the base station and the pairing algorithm. Figure 2
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3.2.3. Reporting period

During SACCH frames the MS sends, amongst others, measurement reports about link quality to the base station. The reporting period and TDMA frames when to send the reports are specified in [2] section 8.4.1:

Table 2 Reporting period and TDMA frame mapping for measurement reports

	Timeslot number (TN)


	TDMA frame number (FN) modulo 104



	Full Rate
	Half rate, subch.0
	Half rate, subch.1
	Reporting period
	SACCH Message block

	0
	0 and 1
	
	0 to 103
	12, 38, 64, 90

	1
	
	0 and 1
	13 to 12
	25, 51, 77, 103

	2
	2 and 3
	
	26 to 25
	38, 64, 90, 12

	3
	
	2 and 3
	39 to 38
	51, 77, 103, 25

	4
	4 and 5
	
	52 to 51
	64, 90, 12, 38

	5
	
	4 and 5
	65 to 64
	77, 103, 25, 51

	6
	6 and 7
	
	78 to 77
	90, 12, 38, 64

	7
	
	6 and 7
	91 to 90
	103, 25, 51, 77


In case of a new SACCH mapping for VAMOS, an additional table specifying the reporting period and position of the SACCH message blocks is required. Depending on the chosen SACCH mapping, the position of the SACCH message blocks in Table 2 will have to be offset by 4 or 8 frames, respectively.

The reporting period can remain unchanged.

Table 3 provides the new position of the SACCH message blocks for an offset by 4 TDMA frames. 

Table 3 Reporting period and TDMA frame mapping for measurement reports on VAMOs subchannel B

	Timeslot number (TN)


	TDMA frame number (FN) modulo 104



	Full Rate
	Half rate, subch.0
	Half rate, subch.1
	Reporting period
	SACCH Message block

	0
	0 and 1
	
	0 to 103
	8, 34, 60, 86

	1
	
	0 and 1
	13 to 12
	21, 47, 73, 99

	2
	2 and 3
	
	26 to 25
	34, 60, 86, 8

	3
	
	2 and 3
	39 to 38
	47, 73, 99, 21

	4
	4 and 5
	
	52 to 51
	60, 86, 8, 34

	5
	
	4 and 5
	65 to 64
	73, 99, 21, 47

	6
	6 and 7
	
	78 to 77
	86, 8, 34, 60

	7
	
	6 and 7
	91 to 90
	99, 21, 47, 73


4. Conclusion
This document proposes an optimized mapping of the frames of the Slow Associated Control Channel (SACCH) in the GSM multi frame structure when two users are multiplexed on the same physical resource. The benefit of the proposed mapping is that the link performance for SACCH benefits from Discontinuous Transmission (DTX) in the same way as the link performance for the corresponding Traffic Channel (TCH) does. 

Corresponding draft CRs are provided in [6], [7], and [8].
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Figure 1 TDMA frame mapping for TCH/FS with re-positioned SACCH
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Figure 2 TDMA frame mapping for TCH/HS with re-positioned SACCH


Table 3 Mapping of logical channels onto physical channels for VAMOS channel B
Channel
Sub‑channel
Direction
Allowable time slot
Allowable RF channel
Burst
Repeat length
Interleaved block 
designation
number 

assignments
assignments
type
in TDMA frames
TDMA frame mapping
TCH/FS, TCH/EFS,
TCH/AFS, TCH/F2.4 &
TCH/WFS

D&U
0 ... 7
C0 ... Cn
NB1
13
B0(0...7),B1(4...7,9…12),B2(9...12,0...3)

TCH/HS & TCH/AHS
0
D&U
0 ... 7
C0 ... Cn
NB1
13
B0(0,2,4,6),B1(4,6,9,11),B2(9,11,0,2)

1





B0(1,3,5,7),B1(5,7,10,12),B2(10,12,1,3)

FACCH/F

D&U
0 ... 7
C0 ... Cn
NB1
13
B0(0...7),B1(4...7,9...12),B2(9...12,0...3)

FACCH/H 
0
U
0 ... 7
C0 ... Cn
NB1
26
B0(0,2,4,6,9,11),B1(9,11,13,15,17,19),B2(17,19,22,24,0,2)
FACCH/H 
0
D
0 ... 7
C0 ... Cn
NB1
26
B0(4,6,9,11,13,15),B1(13,15,17,19,22,24),B2(22,24,0,2,4,6)
FACCH/H 
1
U
0 ... 7
C0 ... Cn
NB1
26
B0(1,3,5,7,10,12),B1(10,12,14,16,18,20),B2(18,20,23,25,1,3)
FACCH/H 
1
D
0 ... 7
C0 ... Cn
NB1
26
B0(5,7,10,12,14,16),B1(14,16,18,20,23,25),B2(23,25,1,3,5,7)

SACCH/TF

D&U
0
C0 ... Cn
NB2
104
B(8, 34, 60, 86)
SACCH/TF

D&U
1
C0 ... Cn
NB2
104
B(21, 47, 73, 99)
SACCH/TF

D&U
2
C0 ... Cn
NB2
104
B(34, 60, 86, 8) 
SACCH/TF

D&U
3
C0 ... Cn
NB2
104
B(47, 73, 99, 21) 
SACCH/TF

D&U
4
C0 ... Cn
NB2
104
B(60, 86, 8, 34)
SACCH/TF

D&U
5
C0 ... Cn
NB2
104
B(73, 99, 21, 47)
SACCH/TF

D&U
6
C0 ... Cn
NB2
104
B(86, 8, 34, 60)
SACCH/TF

D&U
7
C0 ... Cn
NB2
104
B(99, 21, 47, 73)

SACCH/TH
0
D&U
0
C0 ... Cn
NB2
104
B(8, 34, 60, 86) 

1





B(21, 47, 73, 99) 
SACCH/TH
0
D&U
1
C0 ... Cn
NB2
104
B(8, 34, 60, 86) 

1





B(21, 47, 73, 99) 
SACCH/TH 
0
D&U
2
C0 ... Cn
NB2
104
B(34, 60, 86, 8) 

1





B(47, 73, 99, 21)
SACCH/TH 
0
D&U
3
C0 ... Cn
NB2
104
B(34, 60, 86, 8)

1





B(47, 73, 99, 21)
SACCH/TH 
0
D&U
4
C0 ... Cn
NB2
104
B(60, 86, 8, 34)

1





B(73, 99, 21, 47)
SACCH/TH 
0
D&U
5
C0 ... Cn
NB2
104
B(60, 86, 8, 34) 

1





B(73, 99, 21, 47) 
SACCH/TH 
0
D&U
6
C0 ... Cn
NB2
104
B(86, 8, 34, 60) 

1





B(99, 21, 47, 73)
SACCH/TH 
0
D&U
7
C0 ... Cn
NB2
104
B(86, 8, 34, 60)

1





B(99, 21, 47, 73)

NOTE 1:
An Access Burst (AB) is used on the uplink during handover.

NOTE 2:
An Access Burst (AB) may be used on the uplink during handover.
� Option (a) is the preferred solution. Option (b) is included for completeness.
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