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1. Introduction

A new Study Item Multi-User Reusing One Slot (MUROS) was approved at GERAN#36 [1], aiming at improving voice capacity. One of the MUROS candidate techniques, called Orthogonal Sub Channels (OSC) [2], utilizes QPSK modulation in the DL to multiplex two users onto the same time slot. 
Ref. [2] and [3] described the transmission scheme of TCH, however, it is not so clear the transmission scheme of FACCH. This contribution proposes the semi-repeated downlink FACCH proposal with power assignment , which is the combination of repeated FACCH based on QPSK modulation and power assignment.
2. Concept Description

2.1 Repeated FACCH

The repeated downlink FACCH mechanism means that each FACCH frame is sent twice with exactly the same contents. It has been standardized for full rate and half rate channels in GERAN Rel-6. 
When an FACCH frames arrives, MS tries to decode it as usual. If failed, the MS stores the received bits. When it detects the second FACCH frame, MS combines the soft information of the two FACCH frames to make another channel-decoding attempt. If the first FACCH frame is decoded successfully, the MS ignores the second FACCH frame. Only one decoded FACCH frame is delivered [5].

2.2 Semi-repeated downlink FACCH with power assignment for MUROS
As FACCH is transmitted by stealing the frames of TCH，FACCH transmission is enabled  if one or two users attempt to trigger FACCH in MUROS.

One possible scheme to carry out FACCH transmission in MUROS is that using GMSK modulation to enhance robustness instead of QPSK modulation, which might waste the user’s radio resource because both users’ TCH frames are stolen.
Semi-repeated FACCH based on QPSK modulation with power assignment is presented in next section, which can achieve robust FACCH and continuous TCH transmission.    
2.3 Semi-repeated FACCH with power assignment
1) As shown in fig. 1, when the user occupying the Q branch needs handover, it transmits the same FACCH frame twice . While the other user sends its own TCH frames in the I branch. 
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Figure 1 The structure of semi-repeat FACCH for OSC (one user in FACCH)
It is shown in fig. 1 that only one user with FACCH burst is repeated, so it is called semi-repeated protocol.
PA scheme proposed in [4] can be used to make the branch with FACCH burst more robust, that means more transmission power can be assigned to the branch with FACCH.
2) As shown in fig. 2, when both the two users need trigger FACCH, each of them can transmits its own FACCH frame twice in one branch respectively.
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Figure 2 The structure of semi-repeat FACCH for OSC (both users in FACCH)
PA scheme integrated with semi-repeated FACCH illustrated in 1) can be extend to this case straightforward based on the individual radio link quality of each user.
3. Simulation Result
3.1 Simulation assumptions

The simulation assumptions are shown in Table 1.
                 Table 1 simulation assumptions of link performance

	Parameter
	Working Assumption

	Channel Environment
	AWGN and TU3

	Channel type
	I branch: TCH/AFS5.9 and AFS12.2  Q branch: FACCH/F  

	Interference/Noise
	sensitivity

	TSC
	User1：TSC4   User2：TSC3

	Frequency band
	900MHz

	Tx pulse shape
	Legacy linearized GMSK pulse shape

	Modulation scheme
	QPSK

	Decoding algorithm
	SOVA

	Frequency Hopping
	No

	Power control
	

	Link Performance
	FACCH  BER and FER


3.2 Link Performance
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Figure 3 the link performance of FACCH in AWGN sensitivity
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Figure 4 the link performance of FACCH in TU3
The above figures gives the link improvement of FACCH using the repeated transmission scheme . As a baseline, this figure also gives the error rate performance of the GMSK modulation .Considering that the two sub-channels have the equal power, the performance gap between the FACCH with and without repeated transmission is above 1 dB in AWGN and about 3dB in TU3. The performance with the repeated transmission scheme is very close to the GMSK modulation performance.
4. Implementation

The impacts on the BS and MS side are:
· Supporting semi-repeated protocol.

· Supporting power assignment algorithm of RRM.
5. Conclusions
In this contribution, the link performance of downlink FACCH is studied. Comparison between the FACCH performance with and without repeated transmission is also done.

In real networks the weakness of associated control channel is the limiting factor for the network capacity. When the two subchannels transmit TCH and FACCH simultaneously, there may be some imbalance between them. That is, while the speech quality is still acceptable, important control information is not available. In order to avoid the imbalance, it is significant to make the associated control channels more robust.
This contribution proposed the semi-repeated FACCH based on QPSK modulation with power assignment to achieve robust FACCH and continuous TCH transmission.
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