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1 Introduction

The problem with control channel robustness at low C/I levels has been discussed a number of times in GERAN. At GERAN #22 it was agreed that the FACCH performance for full-rate in the downlink direction is a real problem causing for example dropped calls.

This contribution evaluates the so-called Repeated Downlink FACCH solution as presented in [1]. The concept is described and the impact on the 3GPP standard, legacy transceivers, and legacy MSs are discussed. It is an update of a paper submitted to GERAN #24 [6]. That paper included signalling between the mobile station and the network indicating use of Repeated Downlink FACCH. This contribution is a modified version of [6] describing a solution without signalling.

2 Repeated Downlink FACCH

The Repeated Downlink FACCH mechanism means that a FACCH frame is sent twice with exactly the same contents. A transmission performed by the LAPDm protocol will thus result in two transmissions on FACCH. The LAPDm entity will initiate the extra transmission. The affected protocols entities are shown in blue in Figure 1.
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Figure 1: The protocol stack.  

2.1 LAPDm

The LAPDm entity in the BTS generates and sends a copy of each original LAPDm command frame it creates and sends. Each LAPDm frame is sent in one FACCH frame.
The FACCH frames carrying these two LAPDm frames are transmitted 40 ms apart, i.e., one TCH frame is left between the two FACCH frames. There are two reasons for not sending two consecutive FACCH frames (as might have been the “natural” approach); the first reason is that the speech (or data) will be less disturbed and degraded and the second reason is that the improvement in signalling performance will be higher [2].

To have a proper performance, the transmission of the copy should have higher priority than any new FACCH frame (i.e. containing new signalling information) that requires transmission. In case the LAPDm entity generates another signalling message that would normally be transmitted in the FACCH frame that is reserved for transmission of the copy of the first FACCH frame, the LAPDm entity should delay the transmission of the new signalling message so it is sent in the FACCH frame directly following the FACCH frame where the copy of the first FACCH frame is sent. When this happens the transmission of the new signalling message will be delayed 20 ms. This will however occur very seldom in a real traffic situation, so the delay introduced can be viewed as acceptable. 

The retransmission timer T200 is dimensioned with respect to the round-trip delay between the BTS and the MS. With the introduction of the Repeated Downlink FACCH function there is a possibility that the first instance of the intended FACCH frame the MS receives is actually the copy of the first FACCH frame in which case it will be received 40 ms later. This will happen if the MS cannot decode the first FACCH frame. To handle that situation it is necessary to add 40 ms to the T200 value in the BTS for those FACCH frames sent using the Repeated Downlink FACCH function. All other FACCH frames should use the “ordinary” value of T200.

2.2 Physical Layer

2.2.1 General

This section describes the behaviour of the receiving side in the MS. Alternative approaches are possible; the one described here should be seen as an example to illustrate the principle. The specifications should allow for alternative approaches with the same performance, fulfilling the following requirements:

· When two identical FACCH frames are transmitted at 40 ms distance, the MS shall be able to combine them to extract one LAPDm frame. In this case, only one LAPDm frame shall be delivered to layer 2
.

· When two different FACCH frames are transmitted at 40 ms distance, the MS shall be able to decode both and extract two LAPDm frames. In this case, two LAPDm frames shall be delivered to layer 2.

· The MS shall not unnecessarily delay the reception of a LAPDm frame. In particular, if Repeated Downlink FACCH is used, a decoding attempt shall be made when the first FACCH frame is received without awaiting a possible future repetition.

Possible solution

The MS behaviour is illustrated in Figure 2.

When the MS receives a downlink FACCH frame, it first tries to decode it without combining with any previously received FACCH frame. 

Successful Decoding

When the decoding is successful the MS first determines whether the decoded FACCH frame is a copy of a frame that has already been delivered to the LAPDm entity 40 ms earlier (this can happen if both FACCH frames of a Repeated Downlink FACCH are successfully decoded without combining). If this is the case, the MS does not deliver the contents of the current FACCH frame to the LAPDm entity. If there was no previous successfully decoded FACCH frame or the contents of such a FACCH frame is not identical to the contents of the current FACCH frame, the MS delivers the contents of the current FACCH frame to the LAPDm entity; it also saves a copy of the decoded frame. The copy is saved until the receipt of the next-but-one TCH position (i.e. 40 ms later) to be compared to a possible future repetition of the FACCH frame.

Unsuccessful Decoding

When the decoding is unsuccessful, the MS first checks whether a previous FACCH frame was received but not successfully decoded in the next-but-one TCH position (i.e., 40 ms earlier). If this is the case, the MS performs a new channel decoding using combined soft values from both the previous and the current unsuccessfully decoded FACCH frames. If also this decoding fails, or if there was no FACCH frame suitable for combining, the MS saves the soft values of the latest FACCH frame. The soft values are saved until the receipt of the next-but-one TCH position (i.e., 40 ms) to be used together with a possible future repetition of the FACCH frame. Otherwise, if the second decoding attempt is successful, the contents of the decoded FACCH frame are delivered to the LAPDm entity and all soft values are discarded.
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FACCH(n) denotes a FACCH frame received at TCH position n (unit: 20 ms).

Figure 2. Flow chart for Repeated Downlink FACCH receiver. 

2.3 Upper Layers

The operation of Repeated Downlink FACCH will be transparent to upper layers. 

If a L3 message is so large that it has to be segmented by LAPDm, each segment of the L3 message will be handled as described above. Since the LAPDm window size is limited to one (i.e., stop-and-wait), the transmission of one segment must be acknowledged before the next one can be transmitted. No special treatment of this case when the L3 message needs segmentation is therefore needed.

3 Applicability

The Repeated Downlink FACCH scheme will be applicable to all phases of a TCH connection. In signalling-only mode, the network will fill out the TCH with LAPDm fill frames when there is no LAPDm signalling available for transmission. Those LAPDm fill frames shall not be repeated.

In principle, the Repeated Downlink FACCH concept could be used on any TCH. However, there is not a performance imbalance on all channels. Therefore it was decided at GERAN WG1 #23 to use Repeated Downlink FACCH only on GMSK modulated full-rate TCH.

Note: The principle of repeating FACCH frames could also be extended to SDCCH frames. But the bandwidth available on SDCCH for each MS is quite limited, so repeating the signalling on SDCCH would introduce an unacceptable delay in the upper layer signalling procedures.

4 Disturbance Considerations

On a channel with poor quality, the Repeated Downlink FACCH scheme should be used to improve the signalling performance. Using Repeated Downlink FACCH will not necessarily result in more stolen speech frames since it will need less retransmission initiated by LAPDm. In fact, the total number of stolen speech frames should be less due to the performance gain of Chase combining.

If the channel quality is good there is no reason to use the Repeated Downlink FACCH scheme. The regular FACCH scheme should in that case be used to minimise the possibility of disturbance of the TCH.

5 Control of Repeated Downlink FACCH

In this concept the network does not know about MS capability to support repeated FACCH. The MS will not know if the network is capable of, or has chosen to, run repeated FACCH.

The network may decide to use Repeated Downlink FACCH at any time. The decision is implementation dependent functionality. The decision could for example be a static setting or based on criteria like downlink measurements reported from the MS. Due to the introducing of disturbance on the TCH the usage of the Repeated Downlink FACCH scheme should be limited to the situations where the performance of the normal FACCH is insufficient. The network may, on FACCH frame basis, chose to repeat a FACCH frame or not and the MS must be prepared to receive and combine repeated FACCH frames.

6 Changes in the 3GPP Standard

In order to support the Repeated Downlink FACCH scheme, standardisation must be done in the areas described below.

6.1 Repetition and Chase Combining

The BTS shall repeat the FACCH frame in the next-but-one position and the MS must implement functionality for combining two FACCH frames when they arrive separated by one TCH frame, as described in section 2.1. This will be specified in 3GPP TS 44.006 (see CR in [3]), with performance requirements in 3GPP TS 45.005 (see CR in[4]).

7 Impact on Legacy Transceivers

Presumably most legacy transceivers can be upgraded to implement the Repeated Downlink FACCH scheme.

8 Impact on Legacy MSs

Legacy MSs will not support Chase combining when the Repeated Downlink FACCH scheme is used.

A legacy MSs may be exposed to the Repeated Downlink FACCH scheme. If only one (or none) of the transmitted FACCH frames is received by a legacy MS it will not experience any difference from existent functionality. But, if the MS receives both FACCH frames, the layer 1 in a legacy MS will not handle those repetitions so the contents of both FACCH frames will be delivered to the LAPDm protocol entity. The LAPDm protocol implies that the MS should respond with a REJect response in this situation. The REJect response also acknowledges the received I-frame, so the only impact is that there will be an extra FACCH signalling message carrying the REJect response. The handling of that REJect response is existent implementation in all transceivers. A flow diagram for this scenario is shown in section 8.1.

When running a network where Repeated Downlink FACCH is used selectively per MS, the legacy MS will not be exposed to repeated FACCH frames, thus avoiding the extra transmission of REJect frames. Of course, it will then not get the improvement from the Repeated Downlink FACCH scheme either.

8.1 Flow diagram
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*) The timing in the sequence diagram could be little different than shown above. It is possible (and even probable) that messages 9 and 10 will be sent before messages 6 and 7 are sent. However, this will not change the conclusion that the MS will send a REJ message later on.

1. A L3 message (e.g. a HANDOVER COMMAND) is delivered from L3 to L2 on the network side.

2. L2 puts the L3 message in an I-frame with LAPDm sequence number n and delivers it to L1 on the network side.

3. L1 on the network side transmits the I-frame in a FACCH to L1 on the MS side.

4. L1 on the MS side decodes the FACCH frame and delivers the I-frame to L2 on the MS side.

5. L2 on the MS side accepts the I-frame since it was expecting sequence number n, and delivers the L3 message to L3 on the MS side. It also increases its receive sequence number to N(R)=n+1.

6. L2 on the MS side acknowledges the I-frame by responding with a RR frame, including its current receive sequence number, N(R)=n+1, meaning that all frames up to and including sequence number n are ACKnowledged.

7. L1 on the MS side transmits the RR-frame in a FACCH to L1 on the network side.

8. L1 on the NW side decodes the RR-frame and delivers it to L2 on the NW side.The L2 on the NW side now considers all frames up to and including #n as acknowledged. When a new L3 message is available from NW RR it will be sent in an I-frame #n+1.

9. L1 on the NW side repeats the FACCH frame that contains the I-frame.

10. L1 on the MS side decodes the FACCH frame and delivers the I-frame to L2 on the MS side.

11. L2 on the MS side rejects the I-frame since it expected a frame with sequence number n+1 but received one with sequence number n. It responds with a REJect frame, including its current receive sequence number, N(R)=n+1, meaning that all frames up to and including sequence number n are ACKnowledged.

12. L1 on the MS side transmits the REJect in a FACCH frame.

13. L1 on the NW side decodes the REJect frame and delivers it to L2 on the NW side.The L2 on the NW side now considers all frames up to and including #n as acknowledged. When a new L3 message is available from NW RR it will be sent in an I-frame #n+1.

9 Conclusions

This contribution proposes FACCH improvements in the downlink direction. A standardised solution for downlink FACCH improvements is described that 

· significantly improves the signalling performance over FACCH (when full-rate channels are used) for MSs that support the Repeated Downlink FACCH scheme.

· improves the performance also for legacy MSs [2].

· has no significant negative impact on legacy MSs. The legacy MSs will only send an extra FACCH frame when both downlink FACCH frames are received from the network. 

· probably is possible to implement on most legacy transceivers.

It was decided at TSG GERAN #23 to introduce this solution in release 6 of the 3GPP standard. At TSG GERAN #24, one CR to 45.005 was agreed [4]. In addition, a CR to 44.006 is needed and has been submitted to this meeting [3]. 
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� It should be avoided that layer 2 in the MS receives the copy as it would interpret that as an out-of-sequence delivery of a LAPDm frame and respond with a REJect frame.
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