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Enhanced Channel Organization Schemes for SACCH
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Introduction

A work item, VAMOS (Voice services over Adaptive Multi-user channels on One Slot), was agreed at GERAN#40 meeting, whose basic idea is to allow at least two voice users multiplexing on the same carrier frequency and the same time slot, both in downlink and uplink [1].
VAMOS allows multiplexing of two users configured to use full-rate speech codecs, or up to four users all configured to use half-rate speech codecs, on the same radio resource both in downlink and in uplink, using the same timeslot number, ARFCN and TDMA frame number [2]. In the default channel organization, when the users from one VAMOS pair are allocated on a single resource, each user’s SACCH transmissions always occur simultaneously with the other user’s SACCH transmissions even during DTX. Therefore, SACCH performance is degraded due to interference from the paired user.
Allowing for the importance of SACCH, there have been several rounds of discussion on enhanced SACCH schemes proposed for MUROS/VAMOS [3,4,5,6 and 7]. In these schemes, there is no full solution covering all user multiplexing scenarios, such as two-user, three-user or four-user scenarios.
In this contribution, we further discuss the enhanced channel organization schemes for SACCH and give our solution which can improve SACCH performance in all user multiplexing scenarios.
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Problem description
A basic physical channel capable of VAMOS comprises of up to four TCH channels along with their associated control channels (FACCH and SACCH). There are also three-user or two-user cases, for example, one full-rate TCH and two half-rate TCHs, three half-rate TCHs, two full-rate TCHs, one full-rate TCH and one half-rate TCH, or two half-rate TCHs on the same VAMOS subchannel. These user multiplexing scenarios come from the network scheduling or changed user pairing status, such as one user from the VAMOS pair leaves its current cell, enters neighboring cell after handover or finishes its speech.
2.1 Two-user cases
Two-user cases, such as two full-rate TCH users, one full-rate and one half-rate, or two half-rate TCH users on the same VAMOS subchannel, are shown in Figure 1.

[image: image1.emf]T T T T TTTTTTTTTATTTTTTTTT TT -

T T T T TTTTTTTTTATTTTTTTTT TT -

（

a

）

（

b

）

（

c

）

T T T T TTTTTTTTTATTTTTTTTT TT -

T T T T T T AT T T T T T

VAMOS SC1

VAMOS SC2

VAMOS SC1

VAMOS SC2

0 12 25

T T T T T T AT T T T T T

T T T T T T AT T T T T T

VAMOS SC1

VAMOS SC2


(a) 1 TCH/FS+1 TCH/FS

(b) 1 TCH/FS+1 TCH/HS    
(c) 1 TCH/HS+1 TCH/HS  

T, t: TDMA frame of TCH 
-: idle frame
 A, a: SACCH frame
Figure 1 default channel organizations for two-user case in VAMOS
2.2 Three-user cases

Three-user cases, such as one full-rate TCH and two half-rate TCHs or three half-rate TCHs, are shown in Figure 2.
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Figure 2 default channel organizations for three-user case in VAMOS
2.3 Four-user case

Four-user case, that is to say, four half-rate TCH multiplexing, is shown in Figure 3.
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Figure 3 default channel organization for four-user case in VAMOS
Among two-user, three-user and four-user cases shown in Figure 1, 2 and 3, we can see that SACCH frames of some users always have the conflict and interference each other, while those of other users have no interference.
Therefore, if there is no enhanced channel organization scheme, the SACCH performance is not balanced in three-user cases and poor in two-user cases or four-user case.
In order to enhance SACCH performance, one channel organization scheme for SACCH is proposed in next sections, which can be seen as a full solution.
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Proposed channel organization scheme
In order to enhance SACCH performance in four-user, three-user or two-user cases shown in Figure 1, 2 and 3 for VAMOS system, one channel organization scheme for half-rate SACCH is proposed.
Allowing for the different user pairing, Figure 1, 2 and 3 can be divided into three scenarios: 1) two full-rate TCHs; 2) one full-rate TCH and two half-rate TCHs, three half-rate TCHs, one full-rate TCH and one half-rate TCH, or two half-rate TCHs on the same VAMOS subchannel; 3) four half-rate TCHs. The detailed channel organizations are shown in Figure 4, 5 and 6.
Scenario 1 is the proposed channel organizations for two-user case shown in Figure 4.

For two full-rate TCHs, shifting SACCH frame on VAMOS subchannel 2 from frame 12 to frame 25 can avoid the interference between two VAMOS subchannels and improve SACCH performance.
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Figure 4 proposed channel organizations for two-user case in VAMOS

As for Figure 1(b) and Figure 1(c), intra-cell channel handover can be adopted to switch half-rate subchannel on VAMOS subchannel 2. Therefore, the two users can have no interference on SACCH frame and improve SACCH performance.
Scenario 2 is the proposed channel organizations for three-user case shown in Figure 5.

One SACCH period is composed of four consecutive 26-multiframes numbered by 0, 1, 2 and 3. In [5], the proposed scheme is to swap the two half-rate TCH subchannels in each 26-multiframe. If the current 26-multiframe is the even numbered in one SACCH period, the initial channel organization is maintained as shown in Figure 2; While the current 26-multiframe is the odd numbered in one SACCH period, the half-rate TCH user swaps its half-rate subchannel, for example, the user on half-rate subchannel 0 uses half-rate subchannel 1 and the user on half-rate subchannel 1 uses half-rate subchannel 0. The detailed enhanced schemes are shown in Figure 5.

So, in case of three-user multiplexing of VAMOS as Figure 2, the current channel organization is maintained in the even-numbered 26-multiframe and the proposed enhanced organization is adopted in the odd-numbered 26-multiframe as Figure 5. By the means of swapping the half-rate subchannel, one user’s SACCH can be paired with another’s or Idle frame alternately, which can share the benefit and balance the performance.
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Figure 5 proposed channel organizations for three-user case in VAMOS
Scenario 3 is the proposed channel organizations for four-user case shown in Figure 6.

For four half-rate TCHs, shifting the first SACCH frame on VAMOS subchannel 2 from frame 12 to frame 13 and shifting the second SACCH frame on VAMOS subchannel 2 from frame 25 to frame 24 can avoid the interference between SACCH frames from two VAMOS subchannels, which can obtain the gain and improve SACCH performance during DTX [8].
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Figure 6 proposed channel organization for four-user case in VAMOS
4 
Conclusion

In this contribution, an enhanced channel organization for VAMOS was discussed. In summary, the proposed solution can improve SACCH performance in all user multiplexing scenarios. Users on VAMOS subchannel 2 can use the proposed enhanced scheme while there is no change to users on VAMOS subchannel 1. The proposed scheme can ensure that one user is not continuously interfered by another paired user. If the meeting can reach agreement on the proposal, the corresponding CRs were elaborated in contribution [9][10].
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