3GPP TSG-GERAN Meeting #23                                                      Tdoc GP-050405
Tampa, Florida, USA, 24-28 January 2005 
Agenda item 7.1.5.15

Source: Siemens 
                               

Improvements to FACCH and SACCH
1   Introduction

Improvements to associated signaling channels like FACCH and SACCH are currently being discussed in GERAN in the presence of robust narrowband AMR modes. At GERAN #22 an agreement was reached to look with higher priority for improvements to FACCH, being the main contributor to call dropping [1][2][3][4]. Thus this document will focus on FACCH improvements in section 2. SACCH improvements are further discussed in section 3.

2 Improvements to FACCH
In this section we discuss the Repeated FACCH proposal from Ericsson [5],[6] and depict an alternative proposal. 

2.1  Performance for the Repeated FACCH 

One possibility to enhance the robustness of the FACCH is the Repeated FACCH as proposed by Ericsson in [5],[6]. This describes a repetition mechanism of each FACCH block on the physical layer. 
Comparing the performance of the Repeated FACCH to that of the normal FACCH [6], performance gains can be achieved in the range of 1.3 to 5.1 dB, depending on the type of decoding algorithm in the receiver, i.e. whether the receiver relies on block repetition or soft combining is being used and whether code combining is performed, i.e. the encoding is changed for the second transmission relative to the first one [6]. In the simulations that we performed we investigated also the impact of different transmission and reception schemes on the FACCH performance. In particular 
· the delay between first transmission and repetition was varied: no delay, 1 TCH frame delay, 10 TCH frames delay
· the decoding method was varied: either block repetition or soft combining

· the second transmission had always the same encoding as used for the first transmission, identical to that for normal FACCH.
Simulation length was 20000 FACCH frames, the radio channel was TU3 ideal FH. Fig. 1 depicts the obtained results. The results are summarized in Tab. 1 and compared against the Ericsson results in [6].
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Fig. 1: Link performance of the Repeated FACCH for different schemes.
	Scheme
	Delay between repetition
	CI @ 10% BLER [dB]
	Gain over normal FACCH [dB]
	Difference in gain compared to Ericsson [6] in [dB]

	Normal FACCH
	n/a 
	5.8
	n/a
	n/a

	Repeated FACCH, legacy
	No delay
	4.3
	1.5
	0.2

	Repeated FACCH, chase combined
	No delay
	1.9
	3.9
	0

	Repeated FACCH, legacy
	1 TCH frame delay
	3.9
	1.9
	-0.1

	Repeated FACCH, chase combined
	1 TCH frame delay
	1.9
	3.9
	-0.3

	Repeated FACCH, legacy
	10 TCH frames delay
	3.4
	2.4
	n/a

	Repeated FACCH, chase combined
	10 TCH frames delay
	1.7
	4.1
	n/a


Tab. 1: Performance summary of performed FACCH link simulations.

In summary the obtained results are close to the Ericsson ones. A clear performance benefit is obtained if the receiver is able to perform soft combining of the FACCH transmissions. 

However it has to be stated that the overall performance of delivering Layer 3 message will also depend on the layer 2 retransmission mechanism included in the LAPDm protocol. As of today a single FACCH may be repeated up to N200 = 34 times, thus the performance with normal FACCH on layer 2 is largely better and hence the above indicated link level gains will generally not be achieved on layer 2. Note, that in our simulations retransmission on LAPDm level was not included. However to access an estimate of the performance achieved on LAPDm we repeated the FACCH with an exemplary higher delay, i.e. with 10 TCH frame delay 
, i.e. 10 frames (= 200 ms) in between the FACCH transmissions. From Tab. 1 it can be seen that the performance benefit is increased for a legacy receiver without means for soft combining,  by 0.5 dB compared to 1 frame delay and 0.9 dB compared to no delay and for a new receiver by 0.2 dB compared to both 1 frame delay and no delay. 

This improvement was the motivation for our alternative proposal described in the section below.
2.2 Alternative Proposal for Improved FACCH

Two proposals are depicted below to improve the robustness of the FACCH, firstly the soft combining of FACCH blocks based on LAPDm retransmissions and secondly  the definition of a dynamic T200 timer pattern for LAPDm repetitions. 
2.2.1 Soft combining of FACCH blocks based on LAPDm retransmissions
From our simulation results reported in the section above it is obvious that the link performance increases if the repetition is further delayed than only 1 TCH frame. This is already satisfied for legacy receivers which rely on the retransmission at the LAPDm level, being executed with a delay of T200 in the range between 120…180 ms. For new mobiles, using soft combining, performance will increase with increased delay (within a suitable range) between the repetitions. Thus, if FACCH blocks, repeated on LAPDm level can be soft combined, this will already lead to a major performance improvement. A first estimate is given above in Tab.1 for 10 TCH frame delay between the repetitions: for receivers using soft combining the achievable gain compared to receivers without soft combining is about 1.7 dB 

In the simulations we assumed the same content of the two FACCH blocks. However, for a retransmission at LAPDm level, the two FACCH blocks may not necessarily have the same content. In particular,  for transmission of a layer 3 signalling message, the LAPDm sends this within an I frame with a defined sequence #n to the physical layer which transports the I frame via the FACCH to the receiver. For a retransmission at LAPDm level, i.e. after timer T200 has expired in the transmitter, the I frame is repeated with the same sequence number. The only change is the setting of the so called poll bit. The poll bit defined in 3GPP TS 44.006 has the value “0” for the initial transmission and “1” for successive transmissions. This will be the only difference between initial and successive transmissions of I frames with the same sequence number. Hence for soft combining successive I frames, pure soft combing can be used, else soft combining based on a priori knowledge of the poll bit (“0” for initial transmission and “1” for successive transmission) can be used. Thus we believe that the resulting performance gain over a receiver relying only on LAPDm block repetition is close to the one above stated.  

Based on the identified performance benefit we propose to mandate soft combining of FACCH blocks belonging to a particular I-frame sequence number both for Release 6 transceivers and mobiles. 
In the Annex we provide an example for such a receiver implementation. It has to be noted that in exceptional cases, e.g. between the HO command message (sent by the NW via an I-frame) and the acknowledgement of the HO command via the HO complete message sent by the mobile in the new cell, unacknowledged I frames (UI frames) can be sent to the mobile like the PHYSICAL_INFORMATION message. Thus the insertion of other type of LAPDm messages has to be taken into account by the physical layer. In the Annex we provide an example with the capability of soft combining I frames with up to 2 inserted FACCH frames belonging to different type of LAPDm messages. 

The benefit of the soft-combining method using a priori knowledge of the poll bit based on LAPDm retransmissions is in fact that it can be used all the time and need not be activated as for the Repeated FACCH. In particular in the dynamic mode, i.e. when measurement reports have been evaluated and the radio link judged being poor, the activation of the Repeated FACCH mode needs to be understood by the mobile, requiring itself robust transmission. 

This proposal leads to stable operation throughout the entire call. In addition it can be combined with the Repeated FACCH proposal in [5], [6] and may hence lead to further performance gains for UL and DL in case of Release 6 mobiles.
2.2.2  Definition of a dynamic T200 timer pattern for LAPDm retransmissions
Another possibility to improve the performance of the FACCH is to change the T200 timer settings depending on the actual number of retransmission. This leads to a varying pattern and thus in general to a faster retransmission mechanism. For instance, emulating the Repeated FACCH scheme with a T200 setting of 160 ms, the dynamic T200 timer pattern could alternate between 0 and 160 ms like given in the following:
After initial transmission: T200 = 0 (no delay, second FACCH immediately after first one on physical layer). 

After 1st  retransmission: T200 = 160 ms (usual value of T200 range)

After 2nd  retransmission: T200 = 0 ms (no delay, second FACCH immediately after first one on physical layer). 

After 3rd retransmission: T200 = 160 ms (usual value of T200 range)

….
In  particular the dynamic T200 timer pattern needs to be fixed in the GERAN standard, more precisely in 3GPP TS 44.006. It requires the definition of a new SAPI that is operating on basis of the dynamic T200 timer pattern. This new SAPI will always be used for the FACCH. The introduction of a new SAPI has already been proposed by Ericsson [7].
For the downlink this scheme can directly be implemented, without changing the physical layer. Merely a few modifications on LAPDm concerning the management of the T200 timer setting are required. The drawback of “less” FACCH retransmissions than possible with the Repeated FACCH is of less importance as we have seen in our network trials, that the likelihood of success of late LAPDm retransmissions is relative low. Hence a speed up of the retransmission mechanism certainly is beneficial here.

For the uplink a dynamic T200 timer pattern for the FACCH can only be implemented in new mobiles, but this is of less importance for legacy mobiles in our eyes, the improvement of the DL performance for legacy mobiles identifying the main benefit of this method. 
Both proposals are seen as viable improvements related to the robustness of the FACCH transmissions. 
3 Improvements to SACCH 

In this section we discuss further the situation for the Enhanced SACCH based on our proposal at GERAN#22 [4].

At GERAN #22 we received a comment from Philips that the proposed scheme for the Enhanced SACCH based on the Parallel Reversed SACCH is not compliant with the current measurement procedure, i.e. the MS cannot apply the new commanded transmit power level for the uplink in time for the new measurement period, if it is able to decode it only at the last attempt, i.e. after the last TDMA frame of the old measurement period.  In fact in 3GPP TS 45.008 the following phrases can be found: 

“The MS shall confirm the power control level that it is currently employing in the SACCH L1 header on each uplink channel. The indicated value shall be the power control level actually used by the mobile for the last burst of the previous SACCH period.”

…

 “Upon receipt of a command from an SACCH to change its power level on the corresponding uplink channel, the MS shall change to the new level at a rate of one nominal 2 dB power control step every 60 ms (13 TDMA frames), i.e. a range change of 15 steps should take about 900 ms. The change shall commence at the first TDMA frame belonging to the next reporting period (as specified in subclause 8.4). The MS shall change the power one nominal 2 dB step at a time, at a rate of one step every 60 ms following the initial change, irrespective of whether actual transmission takes place or not.”
In fact the statement in 45.008 is not that the mobile has to apply the commanded transmit power level transported via the latest downlink SACCH message at the start of the new measurement period, but that it shall change to the new power level at this time, which means that the procedure of power level change is starting at this time due to the requirement for the mobile to transmit the last burst in the old measurement period with the previously commanded power level and thereby to acknowledge the power control command. A superior MS implementation could even perform decoding and power level settling within 1 TDMA frame, e.g. if no other resources are occupied. 

In addition in the scenario where the NW sends a power increase of 4 dB over the normal SACCH to the mobile, the mobile will not be able to transmit with the commanded power level at the start of the next measurement period. It will start to increase the power by 2 dB at the first burst of the new measurement period and only perform a second power increase after 60 ms have passed of the new measurement period. With a power increase of 6 dB it may only settle the new power 120 ms after start of the new measurement period. Consequently in those cases the reported power level will be different to the ones used at the start of the measurement period. With the Parallel Reversed SACCH an additional delay of some frames required for decoding of the Parallel Reversed SACCH may be required. This should be far below 60 ms and thus should not have a real impact on the measurement performance. On the other side, if this resource was not used in order to start the last decoding attempt, if the SACCH could not be decoded then the number of failed downlink SACCH messages is increased and the mobile is not aware of any new potential power setting for the uplink, the message delay will be even longer.

Thus we do not think that the implementation of the enhanced SACCH leads to a real degradation in uplink power settling. As stated above it even would not violate requirements stated in 3GPP TS 45.008. 
4 Conclusion

In this contribution we have depicted two proposals for improving the robustness of the FACCH associated signalling channel. One improvement is based on the mandatory introduction of means for soft combining of FACCH blocks based on LAPDm retransmissions both in mobiles and transceivers. This improvement may be combined with the Repeated FACCH proposal in [5], [6]. The second improvement is the definition of a dynamic T200 timer pattern which allows for direct implementation in the transceivers, without changing the physical layer of the transceivers. Both improvements should be assigned to the FACCH in a static way, i.e. defined in the 3GPP GERAN standard. 

For the SACCH we have discussed comments received at GERAN#22 and we believe that the enhanced SACCH proposal based on the Parallel Reversed SACCH approach [4] is not violating existing 3GPP TS 45.008 related to uplink power settling. Moreover we are convinced that improvements for the SACCH are also required, which may be standardized in the forthcoming Release 7 due to the more complex problem of satisfying the measurement performance at the same time.
TSG GERAN is asked to take into account the mentioned proposals in the TEI6 and TEI7 activities for the definition of robust associated signalling channels.  
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Annex:
Exemplary Soft Combining Algorithms based on LAPDm 


retransmissions
In this section we briefly depict a proposal for implementing the soft combining of repeated FACCH blocks based on LAPDm retransmissions, which is discussed in section 2.2.1 above.
A.1 Exemplary Soft Combing Algorithms based on LAPDm 
Two algorithms or procedures  for soft combining of repeated FACCH blocks based on LAPDm retransmissions are defined: 

Procedure P1: 
This procedure relies on the fact of window size 1 for LAPDm and 
consequently successive LAPDm messages may be soft combined.

Procedure P2: 
This procedure is based on the fact that other types of LAPDm messages may be sent in between repetition of I-frames. For instance unacknowledged UI-frames may be sent in between initial and repeated I-frame. Procedure P2 is operated with an increased buffer size for soft output related to not decoded previous FACCH blocks. In particular at least the soft output for the last two not decoded FACCH blocks of a particular I-frame, if the current FACCH block has a decoding failure, are memorized.

Both procedures are depicted in the following in Fig. A.1 and A.2.
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Fig. A.1: Soft combining procedure P1 for FACCH based on LAPDm retransmissions.
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Fig. A.2: Soft combining procedure P2 for FACCH based on LAPDm retransmissions.
A.2 Comparison of performance of both procedures for selected scenarios
In this section a comparison of both procedures is done for some selected exemplary scenarios. These and the performance for both procedures are shown in Fig. A.3 below. 
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Fig. A.3: Selected scenarios related to different LAPDm message types.
Based on the performance comparison above soft combining procedure P2 has superior performance over P1.                                                                                                               (































































































































































� This has to be considered as a simplified case as 3GPP TS 44.006 allows only for a maximum repetition delay of  39 TDMA frames, which effectively equals here 8.75 TCH frames between the two repetitions. 
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