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Parallel Reversed SACCH

1 Introduction 

At GERAN#23 some agreement has been achieved, that the repeated FACCH solution [1] as part of the improvement of signalling channels in the presence of robust AMR traffic channels will be part of Rel-6. All contributing companies acknowledged the need for improvements to the FACCH, seen during their network trials.

The second part of the activity for improving the performance of associated signalling channels is related to the SACCH. The need for improvement related to SACCH was only identified by Nortel[2], Siemens [3] and Vodafone [4] so far by means of network trials. Nortel evaluated 25% of the call drops to be due to limitations on the SACCH, whilst Siemens evaluated 20 %. This is a rationale to look for improvements for range limited cells both in rural areas and related to low indoor coverage. 
This document is a revision to our earlier proposed enhanced SACCH solution [3].
2 Field Trial Results

As reported earlier in [3] 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. 

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 the SACCH drop rate these data indicate:

· Signalling failures due to SACCH are minor to that for FACCH (20 % of all cases). 

Call drops due to the SACCH, i.e. due to a radio link failure event in the BTS or in the MS are mainly related to range limited cells both in rural areas and due to low indoor coverage in urban areas. These may be less important in tight frequency reuse networks where interference limited scenarios are dominant requiring a more robust FACCH.

· Both link directions are equally affected. There is no dominance of one link direction over the other. 

   The low received signal strength can be considered to be correlated between both link 
directions. This means that both radio link timers run up towards the Radio Link Timeout, 
one or the other reaching it earlier. Consequently we can assume that the radio link 
counters are not independent of each other as is typically the case for interference limited 
scenarios but are rather correlated. This property, i.e. a certain grade of reciprocity 
between the radio link timers in the BTS and the MS in those situations, will be exploited in 
our proposal lateron.

3 Embedding Parallel Reversed SACCH into the System
In [3] the enhanced SACCH concept based on the parallel reversed SACCH was described in detail and the impacts of embedding this additional channel onto the system were analysed. This section briefly introduces into the concept and summarizes the system impacts.  

As depicted in Fig.1 the parallel reversed SACCH uses the idle timeslots and repeats the SACCH but with a reversed order. In particular the order of the SACCH bursts belonging to the normal SACCH (1,2,3,4) is changed, in that the copy of burst 3 (3’) is first transmitted, followed by copy of burst 4 (4’) followed by that of burst 1 (1’) and finally by that of burst 2 (2’). This was named the parallel pseudo reversed SACCH in [3].
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Fig.1: Embedding of Parallel Reversed SACCH into the system.

3.1 System Impact 

The system impact is defined by the following list of high level requirements:

H1:
Requirement for the network to provide a robust downlink SACCH transmission for 
bad downlink channel conditions where robust AMR traffic channels still provide 
sufficient quality. 
H2:
Requirement for the mobile to provide a robust uplink SACCH transmission for bad 

uplink channel conditions where robust AMR traffic channels still provide sufficient 

quality.

H3: Requirement for the MS to have sufficient neighbour cell monitoring performance. 
H4: Requirement for the MS to not impact on the measurement reporting procedure.
These high level requirements translate to following list of low level requirements:  

L1: 
Requirment for the network to transmit the downlink parallel reversed SACCH in the       
idle slots. This is depicted in section 3.4.
L2: 
Requirement for the MS to receive the downlink parallel reversed SACCH in the idle 
slots. This is addressed in section 3.3 and 3.4.
L3: 
Requirement for the network to signal the usage of the parallel reversed SACCH on 
the downlink to the mobile. This is described in section 3.5.
L4: 
Requirement for the MS to transmit the uplink parallel reversed SACCH in the idle 
slots. This is depicted in section 3.4.
L5: 
Requirement for the network to receive the uplink parallel reversed SACCH in the idle 
slots. This is investigated in section 3.4.
L6: 
Requirement for the mobile to signal the usage of the parallel reversed SACCH on 
the uplink to the network. This is described in section 3.5.
L7: 
Requirement for the MS to perform neighbour cell monitoring tasks during the 
remaining idle frames. This is addressed in section 3.2.
L8: 
Requirement for the MS to decode the commanded transmit power level and the 
timing advance as fast as possible. This is investigated in section 3.6.
3.2 Neighbour Cell Monitoring Performance

Neighbour cell monitoring is a key functionality of a terminal in a mobile radio system. By using idle slots for transmission and reception of the parallel reversed SACCH, there is the risk of reduction of neighbour cell monitoring performance. In this section we estimate the level of impact on the neighbour cell monitoring performance caused by usage of the parallel reversed SACCH.  
In [3] we had analysed the reduction of resource for neighbour cell monitoring due to the usage of the parallel reversed SACCH. Tab. 2 reports the summary related to the remaining search frames left for neighbour cell monitoring. More information can be found in Annex 1. 
	Scenario


	1

TU3 id FH

@ 4dB, 

10000 frames
	2

TU3 no FH

@ 7 dB, 

2000 frames
	3

TU3 no FH

@ 13dB, 

2 000 frames

	# left search frames 
	3.17
	3.7
	3.91


Tab. 2:
Average number of left search frames for 3 defined scenarios using the 
  
parallel reversed SACCH and iterative decoding [3].
In [3] we had proposed to define a maximum reception rate for the parallel reversed SACCH in order to limit the impact on the neighbour cell monitoring performance, i.e. , allowing the mobile to receive the parallel reversed SACCH in every n-th SACCH multiframe, Possible values for n were specified: 1, 2 and 3. Tab. 3 depicts the reduction in resources for neighbour cell monitoring for those cases.

	Scenario


	1

TU3 id FH

@ 4dB, 

10000 frames
	2

TU3 no FH

@ 7 dB, 

2000 frames
	3

TU3 no FH

@ 13dB, 

2 000 frames

	n = 1
	20.75 %
	7.5 %
	2.25 %

	n = 2 
	10.37 %
	3.75 %
	1.12 %

	n = 3
	6.92 %
	2.5 %
	0.75 %


Tab. 3:
Reduction of resources for neighbour cell monitoring due to the usage of the parallel 
reversed SACCH in every n-th SACCH multiframe compared to normal SACCH. 
Considering the most likely scenario 1 for robust AMR modes being operated for low signal to interference ratios or for low signal to noise ratios, the reduction of resource for neighbour cell monitoring of about 20 % for n=1 can be decreased to about 10 % for n=2 and to about 7 % for n= 3. The two latter figures are considered to suppress a noticible reduction of neighbour cell monitoring performance, whilst for the case n=1 a noticible reduction of neighbour cell performance is considered likely. Note, that this reduction is only related to neighbour cell monitoring performance which means BSIC decoding and not on neighbour cell measurements. These are not affected and thus the expected level of reduction of neighbour cell monitoring performance is likely to be far lower.  
Taking this impact on neighbour cell monitoring into account, a dynamic procedure is proposed hereafter that minimizes the reduction of resource for neighbour cell monitoring, in that the maximum reception rate n is aligned to the link quality status of the current channel. Only if the link quality is degraded such that the call is closely to be dropped, neighbour cell monitoring performance is sacrificed in favour of a more robust SACCH channel from the serving cell.  
For all following considerations we assume that if the mobile receives the parallel reversed SACCH in the idle frame, there is not enough time to properly perform neighbour cell monitoring tasks, e.g. BSIC decoding, in this idle frame and hence the mobile transmits the parallel reversed SACCH also at the same time on the uplink. This reflects the property of a certain grade of reciprocity of both radio link timer values at BTS and MS described in section 2 above.
3.3 Link Performance Gains

This section lists a summary of the observed link performance gains when the enhanced SACCH based on the normal and the parallel reversed SACCH is compared against the SACCH, here called normal SACCH. More information taken from [3] is included in Annex 1.
Fig. 2 depicts the performance curves for normal SACCH and for parallel reversed SACCH for different reception rates n=1 to n=3 derived from original simulation data in [3].
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Fig. 2: Link performance for parallel reversed SACCH and normal SACCH.

It can be seen that an improvement for the FER of about 1 dB for n=3 and about 2 dB for n= 2 compared to normal SACCH can be achieved, whilst for n=1 the improvement is in the order of 5 dB. Note, the mode n=2 can be operated down to a CIR of 5 dB while FER is below 10 %. Because of the better link performance for modes n=2 and n=1, these are further considered to be part of the SACCH link adaptation procedure depicted in the following.
3.4 Link Adaptation for SACCH
Due to the above described impact on neighbour cell monitoring performance, we propose to define a dynamic link adaptation procedure for the parallel reversed SACCH, in that its usage should be aligned to the link quality status of the current channel in use.

For poor radio channels the link quality status at the MS side is defined by the value of the Radio Link Timer (RLT). The RLT in the MS is controlled by the capability of the MS to correctly decode successive downlink SACCH blocks. For each correctly decoded SACCH block the counter is decremented by 2, whilst for each failed SACCH decoding the counter is incremented by 1. Thus the SACCH erasure rate could go up to 2/3 to keep the RLT constant over time. On the other side if the SACCH erasure rate is higher than 2/3 in average the RLT will reach the Radio Link Timeout value, yielding a call drop. 

A dynamic link adaptation procedure for the SACCH should therefore be used, which is depicted in Fig. 3.

[image: image3.emf]Full parallel reversed SACCH reception (DL)

reception rate: 1

Full parallel reversed SACCH transmission (UL)

transmission rate: 1

Partial parallel reversed SACCH reception (DL)

reception rate: 0.5

Partial parallel reversed SACCH transmission (UL)

transmission rate: 0.5

Normal SACCH reception on DL

Normal SACCH transmission on UL

Radio link timer threshold for

partial parallel reversed  SACCH

operation

THR_RLT_PARTIAL_PR_SACCH

THR_RLT_FULL_PR_SACCH

RADIO_LINK_TIMEOUT

0

Radio

Link

Timer

(DL)

Radio link timer threshold for full

parallel reversed  SACCH

operation


Fig. 3: Link adaptation procedure for SACCH depending on RLT status in the MS.

The here proposed link adaptation procedure is devided into 3 phases. 
The first phase (lowest in Fig. 2), here called normal SACCH operation, is active during the call, if the link quality is sufficient. In this phase the downlink RLT value should be close to 0. Normal SACCH operation is in use for both downlink and uplink. The mobile receives an SACCH with sufficient downlink quality. The uplink SACCH may be degraded in this pahse, which has to be detected by the network taking appropriate countermeasures.

The second phase (medium in Fig. 2), here called partial parallel reversed SACCH operation, is active, if the RLT counter in the MS passes a first threshold THR_RLT_PARTIAL_PR_SACCH, indicating a further detoriation of the downlink SACCH reception. In this case the MS is allowed to receive the parallel reversed SACCH in the next and therafter in every 2nd SACCH multiframe. It will also transmit the parallel reversed SACCH on the uplink in the next and therafter every second SACCH multiframe.

In this phase the neighbour cell monitoring performance is not noticible reduced as shown in section 2.2.

The third phase (most upper one in Fig. 2), here called full parallel reversed SACCH operation, is active, if the RLT counter in the MS passes a second threshold THR_RLT_FULL_PR_SACCH, indicating that the link is closely to be dropped, i.e. the RLT counter is close to the value RADIO_LINK_TIMEOUT. In this case the robustness of the SACCH channel has to be increased in order to avoid any call dropping. In this phase the mobile is allowed to receive the parallel reversed SACCH in every following SACCH multiframe until the RLT counter again passes the second threshold.

In this phase the neighbour cell monitoring performance is somewhat reduced but due to the iterative decoding which can be applied to the enhanced SACCH consisting of normal and parallel reversed SACCH the reduction for operational points of interest is in the order of 20% as depicted in [3].
Whilst the BTS continuously transmits the parallel reversed SACCH in every multiframe, the mobile will only transmit the parallel reversed SACCH in the next SACCH multiframe if it has decided to receive it in the next SACCH multiframe. The BTS has no definite information on the RLT status in the MS. This means it has to be prepared for reception of the parallel reversed SACCH in every SACCH multiframe. 
Both above defined new thresholds are under control of the operator. They are controlled by dedicated signalling means separately for each MS rather than loading them onto the common broadcast channel. By this an adaptation to the radio environment of the serving cell is also enabled. 

3.5 Signalling Support for Parallel Reversed SACCH

The signaling support for the parallel reversed SACCH is aligned to that one for the repeated FACCH, i.e. the network informs the mobile during channel assignment, channel modification and handover of the support of the parallel reversed SACCH. 
No signalling is required during operation of the link adaptation procedure. The BTS can always determine a confident estimate of the status of the radio link timer in the MS by detecting, whether the parallel reversed SACCH is also sent partially or consecutively on the uplink. This has the advantage that error management routines during operation of the link adaptation procedure due to failed signalling of status indications are not required.
In particular the network indicates to the mobile in the CHANNEL ASSIGNMENT command, the CHANNEL MODE MODIFY command and the HANDOVER COMMAND the following information:

· Flag for support of parallel reversed SACCH in the downlink, 

· Flag for support of parallel reversed SACCH in the uplink, 

· Threshold for changing from normal SACCH operation to partial parallel reversed SACCH operation THR_RLT_PARTIAL_PR_SACCH and
· Threshold for changing from partial parallel reversed SACCH operation to full parallel reversed SACCH operation THR_RLT_FULL_PR_SACCH.
The bit length of both thresholds needs further investigation. 
The parameter RADIO_LINK_TIMEOUT which is broadcasted over BCCH has a bit length of 6 corresponding to a range of 0...63 SACCH periods, which equals a maximum time of about 30 sec. For adding both thresholds in the Additional Channel Description Element [5], 12 bits would be required if the full range is to be covered. This would identify an increase of 2 octets with regard to the current proposal due to the definition of the repeated FACCH. This is a large amount of additional signalling resource, which is not required in our opinion. 

The proposed solution is to put both flags into octet 1, where a combined coding of the flags still saves one code point. By putting both thresholds into one octet, one octet is saved. Hence 16 code points are available for each threshold. If the second threshold THR_RLT_FULL_PR_SACCH is signaled as offset THR_RLT_FULL_PR_SACCH_OFFSET to the first one, the entire RLT range of 0..63 can be covered by allowing a resolution of 4 SACCH periods, i.e. 1.92 sec. Both thresholds can thus be independently configured within the entire RLT range taking into account the restricted resolution of 4 SACCH periods.

The proposed coding of the signalling support which is envisaged for inclusion into TS 44.018 is depicted in Annex 2. 

3.6 Impact on Measurement Reporting 
There is no direct impact of the reception of the parallel reversed SACCH in the MS on the measurement reporting, i.e. the measurement reporting itself on the uplink SACCH remains unaffected. Nevertheless the impact of the late reception of the parallel reversed SACCH in the last TDMA frame of the old SACCH period nevertheless needs to be investigated. On this matter we received a comment from Philips at GERAN#22 that the parallel reversed SACCH is not compliant with the current measurement reporting 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. at the last TDMA frame of the precedent SACCH period. As stated earlier [6] 3GPP TS 45.008 states the following phrases on this matter: 
“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 TS 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, but only for those cases where the mobile needs all decoding attempts. 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 in the last idle slot 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 propose to add a sentence to 45.008 to clarify that in the partial or full parallel reversed SACCH operation mode the mobile is allowed to delay the start of the uplink power settling with regard to the start of the next reporting period by not more than 60 ms. 
4 Conclusions  

In this contribution we have depicted a refined proposal for improvements to the SACCH in the presence of robust fullrate AMR traffic channels. In particular a parallel reversed SACCH 
shall be transmitted in the idle slots in addition to the normal SACCH. The concept foresees static control of the downlink transmission, whilst the uplink transmission is dependent on the mobile’s decision to actually receive the parallel reversed SACCH on the downlink, which is controlled by the status of the radio link timer in the MS, indicating a detoriation of the radio link quality. A two threshold link adaptation scheme is proposed in order to keep the impact on the neighbour cell monitoring performance down to a minimum. 

As shown the depicted scheme can be operated with or without DTX in the same manner. No additional signalling between MS and BTS is required during the operation. Only at channel assignment, channel mode modification and during handover signalling is required as provided for the repeated FACCH and needs one more octet in the Additional Channel Description IE than necessary for the repeated FACCH. 

Furthermore this concept does not impact on power control and timing advance control procedures, in that the command update rate for the MS is unchanged compared to the normal SACCH.

Taking into account the link performance gain of 2 dB for the partial parallel reversed SACCH mode and 5 dB for the full parallel reversed SACCH mode compared against the normal SACCH mode,  this solution is believed to solve the inbalance between robust AMR channels and the associated control channels.   
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Annex 1: Performance Figures for Parallel Reversed SACCH [3]
Fig. A1 shows the performance of the parallel reversed SACCH with 1, 2, 3 and 4 additional bursts sent in the idle frames compared to the performance of the SACCH for TU3iFH. 
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Fig. A1:
Performance of the parallel reversed SACCH with 1, 2, 3, and 4 additional 
   
bursts, SACCH, TCH/AFS 4.75 and TCH/AFS 7.4 for TU3iFH.

The performance of parallel reversed SACCH was also evaluated using an iterative decoding technique. In this case the 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 parallel reversed 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. A2, 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. A2: Frequency of the “No. of decoding attempts (each one with an additional burst) 
required” with the parallel reversed SACCH for TU3iFH. The total number of 
SACCH multiframes 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 FER after each decoding attempt and hence the average number of resulting search frames are listed in Tab. A.3.
	                               Scenario

Parameters
	TU3 id FH

@ 4dB, 

10000 frames

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

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

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

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

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

	Average number of search frames left
	3.17


Tab. A3: FER and average left search frames using parallel reversed SACCH and iterative 
decoding.
Annex 2 : Changes to TS 44.018
The main change in TS 44.018 will be to extend the Additional Channel Description element as depicted below.
---------------------------------------------------------------------------------------------------------------------------

10.5.2.5b
Additional Channel Description

The purpose of Additional Channel Description information element is to give additional description of an allocated channel.

The Additional Channel Description information element is coded as shown in 
figure 10.5.2.5b.1 and table 10.5.2.5b.1.

The Additional Channel Description is a type 1 information element of 2 octet length.
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	Additional Ch. Descr. IEI
	Spare
	SACCH 

mode
	FACCH  mode
	octet 1

	THR_RLT_FULL_PR_SACCH_OFFSET
	THR_RLT_PARTIAL_PR_SACCH
	octet 2


Figure 10.5.2.5b.1: Additional Channel Description information element

Table 10.5.2.5b.1: Additional Channel Description information element

	FACCH mode (Octet 1 bit 1)

The FACCH mode field indicates whether the channel shall be set up in Repeated Downlink FACCH mode (see 3GPP TS 44.006). It is coded as follows:

Value

0
Channel shall not be set up in Repeated Downlink FACCH mode

1
Channel shall be set up in Repeated Downlink FACCH mode

The Repeated Downlink FACCH mode may be used on a TCH/F channel (excluding O-TCH and E-TCH channels) not in signalling-only mode.

SACCH mode (Octet 1 bit 2 and bit 3)

The SACCH mode field indicates whether the Parallel Reversed SACCH operation mode (see 3GPP TS 44.006) may be used in the downlink and in the uplink. It is coded as follows:

Value

b3 b2

0  0 
Parallel Reversed SACCH operation mode is disabled

0  1 
Parallel Reversed SACCH operation is used for downlink and  is not allowed for uplink

1  0    reserved

1  1    Parallel Reversed SACCH operation is used for downlink and is allowed for uplink

The Parallel Reversed SACCH operation mode may be used on a TCH/F channel (excluding O-TCH and E-TCH channels) not in signalling-only mode.

THR_RLT_PARTIAL_PR_SACCH (Octet 2 bit 1 to bit 4)

Threshold, to be compared against the Radio Link Timer value in the MS, for changing from Normal SACCH operation mode to Partial Parallel Reversed SACCH operation mode (see 3GPP TS 44.006) and for changing vice versa.

Value

b4 b3 b2 b1

0  0  0  0  corresponds to RLT value 0 

0  0  0  1  corresponds to RLT value 4

0  0  1  0  corresponds to RLT value 8 

…

1  1  1  1  corresponds to RLT value 60

THR_RLT_FULL_PR_SACCH_OFFSET (Octet 2 bit 5 to bit 8)

Offset to threshold THR_RLT_PARTIAL_PR_SACCH, to be compared against the Radio Link Timer value in the MS, for changing from Partial Parallel Reversed SACCH operation mode to Full Parallel Reversed SACCH operation mode (see 3GPP TS 44.006) and for changing vice versa.

Value

b4 b3 b2 b1

0  0  0  0  corresponds to RLT value 0 

0  0  0  1  corresponds to RLT value 4

0  0  1  0  corresponds to RLT value 8 

…

1  1  1  1  corresponds to RLT value 60
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