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Enhanced ACCH for Robust AMR Modes 
1   Introduction

Current narrowband Adaptive Multi Rate (AMR) codecs have a superior performance over the state-of-the-art speech codecs like Full Rate Speech (FR) defined in GSM Phase 1 and over Enhanced Full Rate Speech (EFR) defined in GSM Phase 2 in case of poor radio conditions. In particular AMR codecs provide a series of modes, which provide better speech quality at higher bit rates and even good speech comprehensibility at lower bit rates. 

Nevertheless it has been shown in field trials for tight reuse networks, that in particular the performance of the low rate AMR full rate channel is even superior compared against that of the FACCH and SACCH signalling channels [1],[2],[3]. Link level simulations [4] have indicated that a performance gap in the order of 5 dB exists, if the same frame error rate is assumed. This means, that if the radio link quality degrades, the signalling channel is affected at an earlier stage than the traffic channel, and thus the user will still experience good speech quality, but the network will drop the call due to lost signalling messages.

This contribution reports our network findings with regard to this issue and depicts a proposal for the definition of an enhanced ACCH to be used when robust AMR fullrate modes are in operation. As stated by Nortel [2], we support the assumption that the above issue is less important for halfrate AMR, which is generally used at C/I ratios greater than 7 dB, where the associated signalling channel performance provides stable operation.

2 Network Findings
We have analysed A-bis traces and traffic recording data in our system labs for identification of the reported issues for channels with poor radio quality. 
As mentioned earlier [5], the following aspects were investigated to get an understanding of the system’s limitation:

· Issue 1: Is the limitation due to bad downlink quality or bad uplink quality ? 

· Issue 2: Which signalling channel is affected most ? 

· Issue 3: Which signalling messages have in particular problems to be decoded (SACCH measurement report, TPC command, HO command, HO access request, etc.)

We got only few situations during the observation period in live networks reporting bad quality due to signalling failures. From the analysed statistics 63 dropped calls could be identified. These calls were observed in terms of link quality for both DL and UL. These statistics are recorded in Tab. 1. 

	Call Drop Reason
	Number

	Total observed call drops
	        63

	Intracell coverage
	        12

	FACCH
	        38

	
FACCH bad DL
	33

	
FACCH bad UL
	1

	
FACCH unclear
	4

	SACCH
	          9

	
SACCH bad DL
	4

	
SACCH bad UL
	4

	
SACCH unclear
	1

	Other Reasons
	          4


Tab. 1: Statistics on call drop reasons due to signalling failures.

· Related to issue 1: This leads to the conclusion that in contrast to SACCH where both link directions are equally affected, the FACCH seems stronger affected in the DL than in the UL. 

· Related to issue 2: The FACCH is more affected than the SACCH. Signalling failures due to FACCH were identified in 80 % of the cases against those due to SACCH (20 %). 

· Related to issue 3: The reception of the HO command message at the mobile station was identified to be the strongest source of error. This is in line with earlier GERAN contributions [1],[2],[3].
In particular the message size of the HO command sent from the serving cell to the mobile was analysed. Tab. 2 shows a statistic on the experienced message sizes. 

	Message size [octets]
	Segmentation
	Number

	Total observed HO commands
	Enabled
	2236

	42
	Yes
	39

	41
	Yes
	412

	34
	Yes
	1447

	20
	No
	7

	19
	No
	35

	12
	No
	296


Tab. 2: Distribution of messages sizes for Handover Command in a live GSM network.

Thus in about 85 % of the cases the HO command is segmented into 2 FACCH blocks. This requires the MS to correctly decode both FACCH blocks, which may cause problems in bad radio link conditions. 

As the maximum size of the HO command, defined in 3GPP TS 44.018 is 2 FACCH blocks, it is proposed to include the segmentation aspect in the design of an enhanced FACCH. In Section 4 we propose a solution for the enhanced FACCH that works also for segmented HO commands.

3 
Proposal for Enhanced SACCH
3.1  Submitted Proposals

GERAN is currently discussing improvements for associated signalling channels when robust AMR modes are operated to be included either in Rel-6 or Rel-7. Two interesting proposals to improve the robustness of the SACCH have been provided to GERAN so far, the parallel SACCH proposal [6] and the spread SACCH proposal [7]. 
Related to the parallel SACCH, this concept foresees in case of fullrate AMR to send a copy of the SACCH message block utilising the unused timeslots in the idle frames, which are delayed by 13 TDMA frames related to the SACCH frames. By this the receiver receives two versions of the same information. By choosing an advanced receiver algorithm like chase combining the robustness of the SACCH transmission in both link directions is widely increased. The benefit of this proposal is clearly that it does not affect the AMR speech quality, due to the fact that the parallel SACCH uses extra resource. A drawback of the concept however is, that the mobile is required to utilise the idle frames for neighbour cell monitoring purposes. If these are used for transmission and reception of the parallel SACCH, the performance of the neighbour cell monitoring is heavily impacted. In this case the mobile has to skip the reception and transmission of the parallel SACCH in favour of neighbour cell monitoring but at the cost of the SACCH performance related to up- and downlink.   
Related to the spread SACCH, this concept is based on a spread parallel SACCH, where a defined number of bits is reserved for the parallel SACCH in each radio block. Although this concept is fully compatible with the measurement and neighbour cell monitoring requirements at the mobile station side, the drawback of the method is that the traffic channel quality is affected due to less bits available for traffic in each traffic channel radio block. Thus the proposal impacts on the speech quality and requires further pMOS testing. Also the issue of puncturing in order to avoid puncturing of AMR inband signalling bits was already mentioned. 
3.2  Parallel Reversed SACCH 
The target for defining a viable enhanced SACCH is to find a concept which has neither impact on the traffic channel performance, and thus the service quality, nor the neighbour cell measurement and monitoring performance of the mobile station. Hence a new proposal is depicted in this section based on the parallel SACCH proposal [6], named Parallel Reversed SACCH.
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Fig.1: 
Parallel SACCH transmission (grey shaded) in timeslots during idle frames having a 
delay of 13 TDMA frames after the corresponding burst of the original SACCH (yellow 
shaded).

In particular the concept of the parallel SACCH, which is shown in Fig.1, is modified such, that the parallel SACCH is transmitted in reversed order. This helps to reduce the transfer delay of the downlink SACCH message in favour of improved neighbour cell measurement and monitoring performance at the mobile station.

The here depicted concept of the parallel reversed SACCH has the advantage, that the mobile may skip the reception of the remaining downlink SACCH bursts, if it has already decoded all necessary, i.e. 4, bursts belonging to an SACCH message block and instead may perform neighbour cell monitoring tasks during remaining SACCH and parallel SACCH bursts belonging to the same SACCH message block.

By this the neighbour cell monitoring time is strongly increased compared to the parallel SACCH concept, which is shown in section 3.7, because in case of the parallel SACCH the number of additional SACCH bursts is predefined and decoding of an SACCH message block can only start after reception of all required SACCH bursts which would be the case after reception of the last SACCH burst (at TDMA frame 90 in Fig.1), leaving only the reception of the last burst of the parallel SACCH (at TDMA frame 103 in Fig.1) to be skipped in favour of neighbour cell monitoring tasks. In fact sufficient neigbour cell monitoring performance is important in order to rapidly identify potential new handover candidates being essential in tight frequency reuse networks.

Two options for the parallel reversed SACCH are depicted here, shown in Fig. 2 and Fig. 3:

a) the parallel truly reversed SACCH 
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Fig.2: Parallel truly reversed SACCH.

b) The parallel pseudo reversed SACCH
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Fig. 3: Parallel pseudo reversed SACCH.

As can be seen in Fig. 2 the parallel truly reversed SACCH exhibits a low decorrelation area in particular for burst 3, where the diversity gain is expected low due to merely 60 ms transmission offset time between the same bursts which may be close to the coherence time of the channel in case of stationary or slow moving mobiles. This is improved for the parallel pseudo reversed SACCH, where the minimum transmission offset time is 180 ms. 
For either option however the mobile station may be able to receive the entire SACCH block within the first 4 bursts of all SACCH bursts belonging to the same SACCH block and thus the remaining 4 bursts can be utilised by neighbour cell monitoring tasks. Else if not being decoded at the earliest time, the mobile can try to decode the SACCH at the next SACCH occurrence 60 ms thereafter, which allows to employ iterative decoding strategies. By this the probability of decoding the SACCH message, before the last burst of the original SACCH is received, is strongly increased. 

For the base station the same concept can be used if the parallel reversed SACCH is activated on the uplink. In particular the base station can skip the reception of the remaining SACCH bursts belonging to the same SACCH message block if the message was already decoded in favour of other tasks (e.g. interference monitoring at other frequencies) or receive all bursts to minimize the block erasure rate and the residual bit error rate on the SACCH.  

3.3  Embedding Parallel Reversed SACCH into Enhanced SACCH

The parallel reversed SACCH is embedded into the enhanced SACCH as described in the following. The Enhanced SACCH is available for selected fullrate AMR configurations, such as AMR FR 4.75, AMR FR 5.15, AMR FR 5.9 and AMR FR 6.7.

The forward link, i.e. the downlink SACCH, always is transmitted together with the parallel reversed SACCH, hence providing a robust transmission. Thus the mobile is always aware of the presence of the parallel reversed SACCH, e.g. for above indicated AMR fullrate modes. It may autonomously decide when to stop reception of the SACCH and of the reversed parallel SACCH in favour of neighbour cell monitoring tasks. Some rules stated in section 3.4 need to be formulated in the GERAN standard in order to ensure minimum neighbour cell monitoring performance at the mobile station. 

The backward link, i.e. the uplink SACCH, is initially transmitted in normal mode, i.e. only the original SACCH is sent by the mobile, keeping the possibility to perform neighbour cell monitoring tasks during the remaining 4 idle frames. However the uplink may also be degraded temporarily or for longer time periods. In this case if the base station cannot anymore decode uplink SACCH messages, e.g. a certain threshold of the Radio Link Timer value is exceeded, it transmits an indication on the more robust forward link, i.e. the downlink SACCH, that the mobile should also send the parallel reversed SACCH on the uplink in order to improve the robustness of downlink measurement reports usually sent on the uplink SACCH. The mobile then stops or reduces neighbour cell monitoring in the idle frames depending on its capabilities and transmits the parallel reversed SACCH on the uplink, as long as the indication for a parallel reversed SACCH is set on the downlink SACCH. By this the concept ensures some flexibility from network operator side to impact on the neigbour cell measurement and monitoring performance of the mobile station and at the same time control the robustness of the uplink SACCH transmission. This is further detailed in section 3.4. 

The above depicted procedure is defined to happen between BSS and MS. However in order to increase the switching between original and enhanced SACCH the procedure should basically only involve BTS and MS similar to the Enhanced Power Control mechanism defined in Release 5. 

3.4   Neighbour Cell Monitoring Requirements 

A consequence of the establishment of the enhanced SACCH, consisting of the original SACCH and the parallel reversed SACCH, is that less resource is available for the mobile to monitor neighbouring cells if pre-synchronisation is not yet achieved. In particular we state the following assumptions with regard to the MS measurement capabilities:

· Transmission of enhanced SACCH on uplink due to uplink degradation

If the mobile was commanded to transmit the enhanced SACCH on uplink during the next SACCH multiframe, the mobile transmits the parallel reversed SACCH during all available idle slots and thus it is not able to perform neighbour cell monitoring tasks, e.g. BSIC decoding, at all during this SACCH multiframe
. 

· Reception of enhanced SACCH on downlink due to downlink degradation:
- if the mobile has not been commanded to transmit the enhanced SACCH on uplink, the mobile is attempting to receive the parallel reversed SACCH on the idle timeslots in addition to the original SACCH depending on the achieved pre-synchronisation status and on the quality of the downlink SACCH reception taking into account a possible soon call dropping. This is depicted in more detail below. As soon as SACCH has been detected, the remaining resource on original SACCH and on the idle timeslots during this SACCH multiframe is used for neighbour cell monitoring tasks. 

-
if the mobile has been commanded to transmit the enhanced SACCH on uplink, the mobile also attempts to receive the parallel reversed SACCH on the downlink and thus minimides the SACCH frame error rate. No neighbour cell monitoring related to BSIC decoding can take place during this SACCH frame. 
The current neighbour cell monitoring performance requirement is stated in section 7.2 of 3GPP TS 45.008, whilst the MS is on a TCH or SDCCH: 

"The MS shall use at least 4 spare frames per SACCH block period for the purpose of decoding the BSICs (e.g. in the case of TCH/F, the four idle frames per SACCH block period). These frames are termed "search" frames.

A 6 bit Base Station Identity Code (BSIC), as defined in 3GPP TS 23.003, shall be transmitted on each BCCH carrier. The PLMN part of the BSIC can be regarded as a "PLMN colour code". The MS shall attempt to demodulate the SCH on the BCCH carrier of as many surrounding cells as possible, and decode the BSIC as often as possible, and as a minimum at least once every 10 seconds. A multi-RAT MS is allowed to extend this period to 13 seconds, if the neighbour cell list contains cells from other RATs and if indicated by the parameter 3G_SEARCH_PRIO.”

And related to the pre-synchronisation requirement:

“If, after averaging measurement results over 2 SACCH block periods, the MS detects one or more BCCH carriers, among the 6 strongest, whose BSICs are not currently being assessed, then the MS shall as a matter of priority attempt to decode their BSICs."

Hence in both above depicted cases 

- that the enhanced SACCH is activated both on the uplink and downlink or 
- that it is only active in downlink, 
we need to modify those neighbour cell monitoring performance requirements, as a reception in 4 spare frames disallows the concept of a parallel SACCH. In particular the status when the MS is in pre-synchronisation, i.e. the MS has detected new strong neighbour cells to be included in the measurement report for the 6 strongest neighbour cells, and is imposed to decode their BSICs immediately needs to be taken into consideration. 
Our point of view is that the signalling channel performance for an ongoing call shall not be deteriorated neither for UL nor for DL due to the linkage to the radio link timer responsible for call dropping. In addition neighbour cell monitoring performance including 3G cell monitoring shall be degraded as least as possible, in particular if the MS is in pre-synchronisation. A possible solution is described below.

· A maximum enhanced SACCH uplink transmission rate is defined. If the uplink SACCH quality is degraded, the mobile can only be commanded to transmit the enhanced SACCH on the uplink every m-th SACCH multiframe. Possible values of m for further study are 2, 3, 4. The BSS takes into account this rate for radio link control algorithms such as handover and power control. 
· The mobile is required to perform pre-synchronisation to neighbour cells as described in 3GPP TS 45.008. It may hence skip pre-synchronisation for the next SACCH multiframe if it was commanded to transmit an enhanced SACCH in the next SACCH multiframe. Else if the mobile is in pre-synchronisation mode, but was not commanded to transmit the enhanced SACCH, the mobile is not allowed to receive the enhanced SACCH, unless the downlink is close to curtailment, i.e. a certain threshold of the Radio Link Timer in the MS is exceeded. In the latter case the mobile is allowed to receive the enhanced SACCH every n-th SACCH multiframe. Possible values for n are 1, 2, 3.
· If the mobile is not in pre-synchronisation mode, i.e. has not detected new strong neighbour cells to be included in the measurement report for the 6 strongest neighbour cells, the mobile is allowed to receive the enhanced SACCH on every n-th SACCH multiframe, if the downlink is close to curtailment, i.e. a certain threshold of the Radio Link Timer in the MS is exceeded. Possible values for n are 1, 2, 3. Else the enhanced SACCH shall only be received by the MS if the neighbour cell monitoring performance requirements have been satisfied, i.e. it has identified the 6 strongest neighbour cells within the 10 sec time interval.
The values for m and n are for further study and identify minimum periodicity values and shall therefore be fixed defined in 45.008. Hence a fair compromise is ensured between sufficient associated signalling performance of both uplink and downlink SACCH and efficient neighbour cell monitoring at the mobile station. 

3.5  Signalling for Control of the Enhanced SACCH

The activation and maintenance of the enhanced SACCH in both link directions is controlled by signalling means.

3.5.1  Control of Uplink Enhanced SACCH

If the uplink degrades and the SACCH quality falls below a predefined SACCH threshold, e.g. a certain value of the radio link timer in the BTS is exceeded, the BTS sends a command via an activated flag ’E-SACCH_COM’ to the MS in order to indicate the need for switching to enhanced SACCH transmission for the next SACCH multiframe. 

This flag has a 1 bit length and is added to the layer one part of each downlink SACCH message as specified in 3GPP TS 44.004. The bit is included as bit 7 in the spare part (bit 7, bit 8) of octet 1 in each downlink SACCH message as shown in the excerpt of 3GPP TS44.004. It specifies whether the MS shall send the enhanced SACCH during the next SACCH multiframe.
Start of excerpt from 3GPP TS 44.004
-----------------------------------------------------------------------

7.1
SACCH downlink block format

7.1.1
A/Gb mode
The 23 octets of SACCH blocks are used in the downlink in the following way:

	bit numbering
 <‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	
	

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	Spare  
	E-SACCH_COM
	FPC EPC
	Ordered MS power level
	octet 1
	

	
	Ordered timing advance
	octet 2
	octet

	
	octet 3
	numbering

	
	
	
	21
	
	
	
	
	

	
	
	
	octets
	
	
	
	V

	:
	
	
	
	
	
	
	:
	
	

	:
	
	
	
	
	
	
	:
	
	

	:
	
	
	
	
	
	
	:
	
	

	
	
	
	layer 2 
	
	
	
	
	

	
	
	
	frame
	
	
	
	octet 23




NOTE:
The numbering convention specified in 3GPP TS 44.006 applies.

Figure 7.1.1: SACCH downlink block format for MS operating in A/Gb mode

-----------------------------------------------------------------------

End of excerpt from 3GPP TS 44.004

3.5.2  Control of Downlink Enhanced SACCH

If the downlink degrades and the SACCH quality falls below a predefined SACCH threshold, e.g. a certain value of the radio link timer in the MS is exceeded, the MS sends an information in form of an active flag ’E-SACCH_INF’ to the BTS in order to indicate a bad SACCH quality on the downlink and to inform the BSS on possibly degraded neighbour cell monitoring performance. 

This flag has a 1 bit length and is added to the layer one part of each uplink SACCH message as specified in 3GPP TS 44.004. The bit is included as bit 7 in the spare part (bit 7, bit 8) of octet 1 in each uplink SACCH message as shown in the excerpt of 3GPP TS44.004. It specifies whether the MS has detected a bad downlink SACCH quality below a predefined threshold and therefore attempts to receive the E-SACCH as often as possible, i.e. with the maximum defined periodicity of every n-th multiframe, as depicted in section 3.4 above.

Start of excerpt from 3GPP TS 44.004

-----------------------------------------------------------------------

7.2
SACCH uplink block format

7.2.1
A/Gb mode 

The 23 octets of SACCH blocks are used in the uplink in the following way:

	bit numbering
 <‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	
	

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	Spare
	E-SACCH_INF
	FPC
	Actual MS power level
	octet 1
	

	
	Actual timing advance
	octet 2
	octet

	
	octet 3
	numbering

	
	
	
	21
	
	
	
	
	

	
	
	
	octets
	
	
	
	V

	:
	
	
	
	
	
	
	:
	
	

	:
	
	
	
	
	
	
	:
	
	

	:
	
	
	
	
	
	
	:
	
	

	
	
	
	layer 2 
	
	
	
	
	

	
	
	
	frame
	
	
	
	octet 23



NOTE:
The numbering convention specified in 3GPP TS 44.006 applies.

Figure 7.2.1: SACCH uplink block format for MS operating in A/Gb mode 

-----------------------------------------------------------------------

End of excerpt from 3GPP TS 44.004

3.6   Performance Evaluation
Link layer simulations were carried out to evaluate the performance of parallel SACCH (P-SACCH) and the pseudo-reversed P-SACCH as defined in the previous section. The performance of the channels was compared to the performance of the SACCH, TCH/AFS 4.75 and TCH/AFS 7.4. The parameters used in the simulations are summarised in Tab. 3.
	Radio Channel Profile
	TU3

	Interference
	Co-channel

	No. of SACCH frames
	2000 or 10000

	RF impairments modelled
	None

	Burst combining
	Chase combining

	Frequency Hopping
	on / off

	Link
	Downlink


Tab. 3: Simulation Parameters
3.6.1 Performance Evaluation for Fixed Number of Additional Bursts

Fig. 4 and Fig. 5 show the performance of the parallel SACCH with 1, 2, 3 and 4 additional bursts (sent in the idle frames) compared to the performance of the SACCH for TU3iFH and TU3nFH respectively. The corresponding bursts from the SACCH and P-SACCH were soft combined before decoding.

With Frequency Hopping, large gains can be achieved with each additional burst sent on the idle frames. With 4 additional bursts the performance on the P-SACCH is better than TCH-AFS 7.4 and within 0.5dB of TCH/AFS 4.75.

In the case without Frequency Hopping, the performance of AMR even with modes 4.75 is a lot poorer than with Frequency Hopping. A CIR of 13dB is required to reach 1% FER with TCH/AFS 4.75, the performance of the SACCH is already better than the speech channel and hence in this case there is no need to send the P-SACCH bursts.
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Fig. 4: 
Performance of the parallel SACCH with 1, 2, 3, and 4 additional bursts, SACCH, 
TCH/AFS 4.75 and TCH/AFS 7.4 for TU3iFH.
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Fig. 5: 
Performance of the parallel SACCH with 1, 2, 3, and 4 additional bursts, SACCH, 
TCH/AFS 4.75 and TCH/AFS 7.4 for TU3nFH.

We have compared our link level simulation results with the ones shown in [6] and found good agreement. 

Fig. 6 and Fig. 7 show the performance of the pseudo-reversed parallel SACCH with 1, 2, 3 and 4 additional bursts (sent in the idle frames) compared to the performance of the SACCH for TU3iFH and TU3nFH respectively. 
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Fig. 6:
Performance of the pseudo-reversed parallel SACCH with 1, 2, 3, and 4 additional 
bursts, SACCH, TCH/AFS 4.75 and TCH/AFS 7.4 for TU3iFH.
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Fig. 7:
Performance of the pseudo-reversed parallel SACCH with 1, 2, 3, and 4 additional 
bursts, SACCH, TCH/AFS 4.75 and TCH/AFS 7.4 for TU3nFH.

As with the conventional P-SACCH, the performance of the pseudo reversed parallel SACCH is very similar with Frequency Hopping as expected. Without Frequency Hopping the additional time diversity of the pseudo reversed parallel SACCH leads to a performance increase compared to the conventional P-SACCH. With 4 additional bursts there is an improvement of approximately 1dB at FER = 1%. As before though, since the performance of the SACCH is adequate at the CIR required for 1% FER for TCH/AFS 4.75, the transmission of the P-SACCH brings merely benefit for temporary deep fades of the radio signal.
3.6.2  Performance Evaluation using Iterative Decoding 

The performance of pseudo-reversed P-SACCH was also evaluated using an iterative decoding technique. In this case the P-SACCH/SACCH decoding starts as soon as 4 bursts have been received; two on the SACCH frames and two on the idle frames. If the decoding fails first time, then another attempt is made after the reception of another SACCH or P-SACCH burst. This process continues until either the SACCH message is decoded successfully or all 8 bursts are received and the decoding fails.

As is shown in Fig. 8, in case of a frequency hopping channel at a low CIR of 4 dB, 72.4% of decoding attempts succeeded after the reception of the first 4 bursts. With 1 additional burst, 81.6% of SACCH blocks were decoded correctly; with 2 additional bursts 89.3%; with 3 additional bursts 95.2%; with 4 bursts 98.5%. At 4dB CIR only 1.5% of SACCH frames failed to be decoded altogether.
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Fig. 8:
Frequency of the “No. of decoding attempts (each one with an additional burst) 
required” with the pseudo-reversed P-SACCH for TU3iFH. The total number of P-
SACCH frames is almost 10000 (9920). The CIR is 4dB.

Since, in general a large proportion of decoding attempts are successful after the first 4 bursts have been received, there is increased opportunity for performing synchronizations to neighbour cells in the remaining 2 SACCH frames and 2 idle frames quite often.


The statistics were also evaluated for the case without Frequency Hopping at a CIR of 7dB and 13dB, shown in Fig. 9 and Fig. 10. As can be observed, the decoding generally succeeds after the reception of 4 bursts, with relatively few cases requiring additional bursts in order to decode the SACCH message. This confirms the link layer results, which demonstrates that the P-SACCH is of little use when Frequency hopping is not employed and is only of benefit for deep radio fades.
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Fig. 9:
Frequency of the “No. of decoding attempts (each one with an additional burst) 
required” with the pseudo-reversed P-SACCH for TU3nFH. The total number of P-
SACCH frames is 2000. The CIR is 7dB.


[image: image10]
Fig. 10:Frequency of the “No. of decoding attempts (each one with an additional burst) 
required” with the pseudo-reversed P-SACCH for TU3nFH. The total number of P-
SACCH frames is 2000. The CIR is 13dB.

3.7  Discussion

This section discusses the results depicted above. The FER after each decoding attempt and hence the average number of resulting search frames are listed in Tab. 4 for the three investigated scenarios in section 3.6.2.

	                               Scenario

Parameters
	1

TU3 id FH

@ 4dB, 

10000 frames
	2

TU3 no FH

@ 7 dB, 

2000 frames
	3

TU3 no FH

@ 13dB, 

2 000 frames

	FER after 1st decoding attempt 
(4 measurement frames left)
	27.6 %
	13.65 %
	3 %

	FER after 2nd decoding attempt 
(3 measurement frames left)
	18.4 %
	8.5 %
	2.4 %

	FER after 3rd decoding attempt 
(2 measurement frames left)
	10.7 %
	5.4 %
	2 %

	FER after 4th decoding attempt 
(1 measurement frames left)
	4.8 %
	2.25 %
	1.5 %

	FER after 5th decoding attempt 
(0 measurement frames left)
	1.5 %


	< 2 %

(raw: 1 %)
	< 2 %

(raw: 1%)

	Average number of search frames left


	3.17
	3.7
	3.91


Tab. 4:
FER and average left search frame for 3 defined scenarios using pseudo 
reversed P-SACCH and iterative decoding.
As can be seen for scenario 1 the FER is 1.5 %, leaving in average still 3.17 search frames. In case of the parallel SACCH we require to receive all 4 additional bursts, to get to the same range of FER (simulation result: FER = 1.75 %), leaving no resource for the mobile for neighbour cell monitoring. Else in case of the parallel SACCH if we allow the mobile to use 3 search frames than the FER is still at 19.3 % as depicted in Fig. 4, which is around 10 times higher compared to that for the pseudo reversed SACCH using iterative decoding. Even with 2 additional bursts we can only achieve a FER of 11.9 % with the parallel SACCH.
For scenario 2 the FER is below 2 % and 3.7 search frames can still be used in average by the mobile. For parallel SACCH we again require 4 additional burst to get to the same range of FER (simulation result: FER = 2.6 %). Else prescribing 3 search frames in case of the parallel SACCH yields a FER of 8.2 %, which is not yet critical but again 4 times higher than for the pseudo reversed P-SACCH.

For scenario 3 the FER is below 2 % and even 3.91 search frames can be used, proving that the proposed procedure operates well for higher CIR ratios. In this situation the mobile would not be in bad radio conditions and hence would only be allowed to receive the normal SACCH and merely the enhanced SACCH if the neighbour cell monitoring requirements had been satisfied, as depicted in section 3.4 above.

Hence in all three scenarios, the pseudo reversed P-SACCH would lead to superior performance in terms of low FER and maximum left search frames for neighbour cell monitoring compared to the parallel SACCH. 

4  Proposal for Enhanced FACCH
In this section improvements to the FACCH are discussed. It is assumed that the improved FACCH or enhanced FACCH, respectively described below is active during operation of robust AMR full rate modes.
4.1  Improved FACCH for Legacy Mobiles

For FACCH the repetition of FACCH messages proposed by Nokia [8] and Ericsson [1] is believed to provide a performance improvement, which will also work for legacy mobiles in the downlink direction. For the uplink direction no improvement can be obtained by this solution for legacy mobiles. However as reported in section 2 we believe that the downlink FACCH carrying the HO command which has to be understood by the mobile is the bottleneck which has to be eliminated and thus this solution is viable. It has the advantage that it does not require a change in the mobiles if applied to the DL only. 
4.2  Enhanced FACCH for Advanced Mobiles

For new Rel-6 or Rel-7 mobiles a solution for an enhanced FACCH (E-FACCH) was proposed by Nortel [7] which is based on the repetition approach but using different generator polynomials for the second FACCH frame, named Incremental FACCH in [7], than for the first FACCH frame, named Normal FACCH in [7], such that the code rate is decreased to ¼ . This solution seems appropriate and if applied to both downlink and uplink it will improve the robustness for data usually transmitted over the FACCH, such that it will not degrade the overall performance even when robust AMR modes are operated. 

Nevertheless we want to highlight one issue that was not yet addressed. In particular a new more robust E-FACCH needs to transport also LAPDm messages that are segmented on the FACCH. In many times the HANDOVER COMMAND message is segmented as depicted in section 2 and as permitted in 3GPP TS 44.018 and thus will need 4 subsequent FACCH frames adopting the Nortel proposal. In this case the MS has to receive both E-FACCH blocks, having a duration of 4 FACCH frames,  before it can release the link and perform the handover access request to the target cell. This leads to suboptimum performance in that 

· instead of 40 ms adopting the FACCH/F now 80 ms of speech are lost when the E-FACCH is in operation for segmented LAPDm messages (segmentation depth = 2). 

· Even in good radio channel conditions, for segmented LAPDm messages (segmentation depth = 2), the MS has to await the reception of one E-FACCH and one normal FACCH, i.e. at least 3 FACCH frames, i.e. 60 ms of speech are lost compared to 40 ms lost speech for the FACCH/F before the MS is allowed to release the link to the serving BTS.
Hence two improvements are proposed to be included for design of the E-FACCH:

· If a LAPDm message to be transported on the E-FACCH is segmented into 2 or more E-FACCH message blocks, the BTS sends the LAPDm message in the following order: 

Normal FACCH for message block 1, Normal FACCH for message block 2, Incremental FACCH for message block 1, Incremental FACCH for message block 2. 
By this a mobile in good radio channel conditions, having a robust AMR mode in operation, can decode the HANDOVER COMMAND message already after the Normal FACCH for both message blocks has been received, i.e. after 2 FACCH frames, and hence only 40 ms speech are lost. Only if the message cannot be decoded at this time, it may be decoded after the Incremental FACCH has been received for both message blocks.
· In case of a segmented HANDOVER COMMAND message, if the mobile is in bad radio conditions it may require all 4 FACCH frames, i.e. 2 complete Enhanced FACCH messages to detect the HO command. It may even fail to decode the command and stay on the serving link. Hence 80 ms of speech would be lost in this case. To reduce this loss of speech it is proposed to insert a TCH frame after both Normal FACCH frames have been sent. Hence if the mobile detects the Handover command it will ignore the TCH and release the channel, else a new speech frame is processed by the speech decoder, before the last 2 Incremental FACCH frames are transmitted for a further decoding attempt. This provides less speech degradation for segmented HO commands in bad radio conditions. 
Both improvements are depicted in Fig. 11 below. 


[image: image11]
Fig. 11: Segmented HO command using the Enhanced FACCH.
5  Conclusion

In this contribution we have reported results from our network trace analysis, which have identified the downlink FACCH as the strongest source for signalling failures. Nevertheless for powerful operation of robust AMR fullrate modes in future tight reuse networks, improvements to both SACCH and FACCH are believed to be required. 
A proposal for an enhanced SACCH envisaged to be applied for advanced mobiles adding a parallel reversed SACCH channel has been presented, that is believed to ensure a fair compromise between the requirement to have a robust signalling link on the one side and the requirement not to remarkably degrade the neighbour cell monitoring performance of the mobile on the other side. We have also shown that this scheme clearly outperforms the parallel SACCH proposed by Nokia [6], in that it provides for low CIR ratios such as 4 dB a higher average number of search frames dedicated to neighbour cell monitoring, i.e. more than three per SACCH multiframe, than possible with a predefined fixed number of additional SACCH bursts for the parallel SACCH, the latter which would not even allow to use search frames at comparable SACCH performance.    
In addition we have discussed separate solutions for the FACCH, where repetition is the appropriate solution for legacy mobiles. For advanced mobiles we support the proposal of an enhanced FACCH based on improved channel coding as presented by Nortel [7], but modifications for segmented LAPDm messages and especially in case of the segmented HO command, firstly to change the order of normal and incremental FACCH and secondly to insert a TCH frame are believed necessary to mitigate the speech degradation due to the increased signalling message size in this case. 
Hence it is suggested that GERAN takes both proposals into consideration when defining an enhanced ACCH in the context of robust AMR fullrate modes.
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� This may be rather a pessimistic assumption because depending on the mobile’s capabilities neighbour cell monitoring during parts of the idle frame could still be possible. This partial search frame would last 3 timeslots if the assumption is taken that the frequency settling will take about one half slot. For a synchronized network this problem is even less because the BCH timeslot position of the neighbour cell can be derived from that of the serving cell.
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