3GPP TSG GERAN#43                                                                                        Tdoc GP-091213
Vancouver, Canada                                                                                       Agenda Item: 7.1.5.10

August 31 – September 4, 2009

                                           

Source: Research In Motion UK Ltd.

DTX-Based Repeated SACCH for VAMOS
1. Introduction

Voice services over Adaptive Multi-user on One Slot (VAMOS) is a new feature in GERAN for voice capacity enhancement [1]. Discontinuous Transmission (DTX) operation is mandatory for GSM mobile stations (MSs) [2]-[4]. The performance of the Traffic Channel (TCH) transmitting speech signals in VAMOS for one user can be improved if the TCH of the other user in the same VAMOS pair is in DTX mode. However, the related Slow Associated Control Channel (SACCH) cannot obtain such a benefit because SACCH is always transmitted.

Shifted SACCH mapping [5] and Repeated SACCH [6] schemes have been proposed for SACCH performance enhancement for VAMOS. The Shifted-SACCH mapping method takes advantages of DTX operation while the Repeated SACCH proposal yields SACCH performance gains with the aid of retransmission of delayed SACCH signal regardless of DTX functionality.

In this contribution, a new SACCH performance enhancement method for VAMOS, DTX-based repeated SACCH, is introduced. DTX-based repeated SACCH adopts the mechanism of Shifted SACCH mapping and further transmits SACCH repetition through the silent TCH timeslots during DTX mode within a SACCH period. The DTX-based repeated SACCH scheme can also be combined with Repeated SACCH.
2. VAMOS Channel Organization
VAMOS improves the voice capacity of GERAN by multiplexing two users on the same time slot and the same carrier frequency for both downlink and uplink, and is required to be fully compatible with the legacy GSM terminals [1]. Therefore, in VAMOS at least one VAMOS subchannel (e.g., VAMOS Subchannel A) should preserve the legacy GSM multiframe structure to transmit TCH and SACCH of the legacy MSs. A VAMOS aware MS can be mapped to either of the VAMOS subchannels.
Simply extending the legacy GSM traffic channel organization [7] yields the 26- multiframe structure for VAMOS as illustrated in Fig. 1 below, in which u and u’ in full rate (FR) (similarly, u1 and u1’; u2 and u2’ in HR) denote a pair of VAMOS users. 
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(a) TCH/FS and SACCH/FS frames (u and u’ denote a full rate VAMOS user pair)
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(b) TCH/HS and SACCH/HS frames (u1 and u2 (shaded) denote two half rate users in VAMOS Subchannel A; u1’ and u2’ (shaded) denote two half rate users in VAMOS Subchannel B)
· T, T’: TDMA frames transmitting TCH;

· A, A’, A1, A1’, A2, A2’: TDMA frames transmitting SACCH;

· I, I’: idle TDMA frame.
Fig. 1 VAMOS 26-frame multiframe structure.
3. Existing Proposals 
3.1 Shifted SACCH mapping
In DTX mode, only the SID (silence descriptor) frames and SACCH frames are transmitted [8]. Note that SACCH is always transmitted regardless of the DTX status.
It has been observed [5] that in VAMOS the relative performance between TCH and SACCH during DTX operation and non-DTX operation is imbalanced. In Shifted SACCH mapping [5], a SACCH frame is paired with a TCH frame resulting in benefits to both TCH and SACCH of a VAMOS user.
For TCH/FS, TCH/EFS and TCH/HS, as shown in Table 1 below, some TDMA frames are reserved for transmission of SID frames [8] during DTX operation. To avoid collisions between SACCH and SID frames, a modified version of shifted SACCH mapping scheme was proposed [9].
Table 1 TDMA frames transmitting SID frames (TCH/FS and TCH/HS) [8]
	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


However, as discussed in [6], [10], it is also desired that the SACCH performance be improved further.
3.2 Repeated SACCH
Repeated SACCH [11], which is independent of DTX operation, can yield significant SACCH performance gains, and has been considered to be applied to VAMOS in [6]. Performance of Repeated SACCH for VAMOS is also evaluated in [10].

However, several issues related to Repeated SACCH for VAMOS have to be taken into account.

· Delay: Repeated SACCH scheme may need multiple SACCH periods to completely decode a SACCH block. This may cause delays for power control and/or handover decision.

· Compatibility: Repeated SACCH is a Rel. 6 feature [11]. This limits the application of the Repeated SACCH method to MSs compliant with Rel. 6 to be used in VAMOS.
4. DTX-Based Repeated SACCH
4.1 Transmission of SACCH repetition in DTX mode
DTX-based repeated SACCH transmits SACCH repetition of a VAMOS aware user through silent TCH timeslots when DTX is turned on. Similar to Repeated SACCH [11], at the receiver the original SACCH and the SACCH repetition can be soft-combined for decoding of a SACCH block. Unlike Repeated SACCH, DTX-based repeated SACCH transmits the repetition of a SACCH block within a SACCH period (480 ms). In addition, DTX-based repeated SACCH does not require signaling to request transmission of SACCH repetition.
DTX-based repeated SACCH can be combined with Shifted SACCH mapping and Repeated SACCH [11] to achieve further benefits. 

In the following, DTX-based repeated SACCH adopts the mechanism of Shifted SACCH mapping. As shown in Figs. 2-4 below, in DTX-based repeated SACCH, both the relocated original SACCH and the repeated SACCH are arranged into the TDMA frames without collisions with the TDMA frames for transmission of SID in TCH/FS and TCH/HS (Table 1). For AMR (Adaptive Multi-Rate) traffic channels, in DTX-based repeated SACCH, when a TDMA frame transmitting SACCH repetition collides with a TDMA frame transmitting TCH or SID signals, this TDMA frame may transmit TCH or SID signals. At the receiver, the partially transmitted repetition of a SACCH block can be combined with the received original SACCH block for decoding.
Note that Figs. 2-4 illustrate the SACCH mapping only for the 1st 26- multiframe transmitting a part of a SACCH block. An encoded SACCH block is interleaved and mapped to four SACCH frames [12], and is transmitted through four 26- multiframes in 480 ms [7]. SACCH mapping in the 2nd, 3rd, and 4th 26- multiframe can be updated accordingly.
4.2 Downlink
4.2.1 Full-rate speech channels
Assume that legacy SACCH mapping and decoding are maintained for User u assigned in VAMOS Subchannel A.
 New SACCH mapping of DTX-based repeated SACCH for User u’ assigned in VAMOS Subchannel B for full-rate speech channels is shown in Fig. 2. The SACCH frame A’ of User u’ shifts from TDMA Frame 12 to 8 in VAMOS Subchannel B. 
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 (a) when user u’ is in DTX mode.


[image: image4.emf]f rame   no.  0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25   Sub A  u            a’’   A              I   Sub B  u’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  A ’  T ’  T ’  T ’  T’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  T ’  I ’  


(b) when user u is in DTX mode. 
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(c) when both users u and u’ are in DTX mode.
Fig. 2 DTX-based repeated SACCH for TCH/FS and SACCH/FS in VAMOS (DL).
· Case A: when User u’ is in DTX operation (Fig. 2 (a)), the SACCH performance of User u is improved. For User u’, in addition to the SACCH signal transmitted in TDMA Frame 8, another SACCH frame a’, which delivers the repetition of SACCH A’ and is controlled by the BS, is transmitted through another TDMA frame (e.g., Frame 11) which avoids collision with the reserved TDMA frames for SID (see Table 1) in FR and HR speech traffic channels in VAMOS Subchannel B. The transmitted additional SACCH frames may be detected by the receiver of User u’ without knowledge of DTX status of VAMOS Subchannel B, and are combined with the original SACCH signals received on the same subchannel in a SACCH period. 

Note that in this case, the DTX operation in VAMOS Subchannel B yields performance benefits for SACCH in both VAMOS Subchannels A and B.

· Case B: when User u is in DTX operation (Fig. 2 (b)), for User u’, in addition to the SACCH signal transmitted in TDMA Frame 8, another SACCH frame a’’, which delivers the repetition of SACCH A’ and is controlled by the BS, is transmitted through another TDMA frame (e.g., Frame 10) on VAMOS Subchannel A. The transmitted additional SACCH frames may be detected by User u’ without knowledge of DTX status of VAMOS subchannel A, and are combined with the original SACCH signals received on VAMOS Subchannel B in a SACCH period. 

Note that in this case, the DTX operation in VAMOS Subchannel A results in performance benefits for SACCH only in VAMOS Subchannel B. 
· Case C: when both Users u and u’ are in DTX operation (Fig. 2 (c)), transmission and decoding of SACCH frames are the same as Case A above.
In DTX-based repeated SACCH, the procedures of soft-combining of the repeated SACCH signal and the original SACCH signal and decoding of a SACCH block are similar to those in Repeated SACCH. If a SACCH block is incorrectly decoded in DTX-based repeated SACCH, Repeated SACCH [11] may be further activated, if possible, by setting SACCH Repetition Request (SRR) in the next uplink SACCH block as “Repeated SACCH required”.
4.2.2 Half-rate speech channels
Fig. 3 shows the DTX-based repeated SACCH scheme for TCH/HS and SACCH/HS. Assume that legacy SACCH mapping and decoding are kept for the half-rate users in VAMOS Subchannel A. SACCH A1’ of User u1’ and SACCH A2’ of User u2’ shift from TDMA Frame 12 to 8 and from TDMA Frame 25 to 22, respectively, in VAMOS Subchannel B. Denote a1’ and a1’’ to be SACCH repetitions of A1’, and a2’ and a2’’ to be SACCH repetitions of A2’.
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(a) when User u1’ is in DTX mode.
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(b) when User u2’ is in DTX mode.


[image: image8.emf]f rame  no.  0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25   u1            a1’ ’   A1                  S ub A  u2   T   T   T   T   T   T    T   T   T   T   T   T  A2   u1’  T ’   T ’   T ’   T ’   A1 ’   T ’   T ’  T ’   T ’   T ’   T ’   T ’   T ’       S ub B  u2’   T ’   T ’   T ’   T ’   T ’   T ’    T ’   T ’   T ’   T ’   A2 ’   T ’  T ’  

(c) when User u1 is in DTX mode.
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(d) when User u2 is in DTX mode.

Fig. 3 DTX-based repeated SACCH for TCH/HS and SACCH/HS in VAMOS (DL).
The repetition of a SACCH block for half-rate speech channels is also transmitted within 480 ms through silent TCH timeslots during DTX operation. Detection and decoding for SACCH/HS in DTX-based repeated SACCH are similar to those for SACCH/FS. Combination of DTX-based repeated SACCH and Repeated SACCH is as described in Sec.4.2.1 above.
4.3 Uplink
On the UL, when VAMOS Subchannel B is in DTX mode, as on the DL, the VAMOS aware user(s) in VAMOS subchannel B can transmit SACCH repetition through VAMOS Subchannel B; however, when VAMOS Subchannel A is in DTX mode, unlike on the DL, the user(s) in VAMOS Subchannel B cannot transmit SACCH repetition through VAMOS Subchannel A since the user(s) in VAMOS Subchannel B cannot detect the DTX status of VAMOS Subchannel A. Fig. 4 presents DTX-based repeated SACCH for full-rate speech channels on the UL. The DTX-based repeated SACCH scheme for half-rate speech channels on the UL can be obtained by modifying Fig. 3 accordingly.

Similar to the DL, If at the receiver a SACCH block is incorrectly decoded in DTX-based repeated SACCH, Repeated SACCH [11] may be further activated, if possible, by setting SACCH Repetition Order (SRR) in the next downlink SACCH block as “Repeated SACCH required”. 
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 (a) when User u’ is in DTX mode.
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(b) when User u is in DTX mode. 
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(c) when both Users u and u’ are in DTX mode.
Fig. 4 DTX-based repeated SACCH for TCH/FS and SACCH/FS in VAMOS (UL).
5. Summary

This contribution proposes the DTX-based repeated SACCH scheme which transmits the repetition of a SACCH block through silent TCH timeslots when DTX is turned on. Decoding of combined received original SACCH and repeated SACCH signals can be carried out within one SACCH period without delays. This DTX-based repeated SACCH scheme can adopt the mechanism of Shifted SACCH mapping to further improve the SACCH performance of Shifted SACCH mapping method. DTX-based repeated SACCH can also be combined with Repeated SACCH to probably reduce the average delays of SACCH decoding in Repeated SACCH. SACCH performance of the DTX-based repeated SACCH method is FFS. 
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� If User u in VAMOS Subchannel A is VAMOS aware, it is also possible to transmit SACCH repetition for User u.
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