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SACCH Enhancements for AMR channels – Short SACCH on the uplink 

1 Introduction

It has been acknowledged in previous GERAN meetings that an improvement in the performance of the associated control channels for the more robust modes of the AMR channels is necessary, as suggested both by the simulation results in [1] and by the field trials in [2]. Several solutions to enhance the performance of the SACCH channel have already been proposed [4] [5]. As a further contribution to the ongoing discussion, in this document one additional solution is investigated, i.e. the feasibility of dropping some neighbour cell measurement results on the uplink to enhance the uplink SACCH. This proposal has already been pointed out in previous meetings [6].

2 Enhancement for the uplink SACCH

On the uplink, the main use of the SACCH is to carry the measurement reports. Currently, the mobile is required to send measurement reports for six different neighbour cells (for normal measurement reporting). However, when the mobile is experiencing poor radio conditions and hence switches to a lower AMR mode, it is critical that the stronger serving neighbour cells are reported. Hence, it is preferable to drop the weaker neighbour cell results on the uplink neighbour cell report message so as to make sure that there is more room for stronger coding of the remaining data. This will increase the probability that the best serving neighbours are reported to the network. 

For normal measurement reporting, the measurement results of each neighbour cell occupy 17 bits [9] in a given measurement report message. If a number of neighbour cell results are dropped, the size of the message will be reduced; this will allow more room for stronger coding and thus increase the robustness of the uplink SACCH. 

Further, in this proposal, named Short SACCH, the 40 bit Fire Code on SACCH is replaced with an 18 bit CRC as done for the SACCH/TP. The coding scheme is also changed from the current 1/2 rate convolutional coding to the 1/3 rate convolutional coding. For this purpose, the coding scheme used for FLO is used. To achieve the final block length of 456 bits (without stealing bits), rate matching is performed using the FLO rate matching algorithm (see TS 45.003 [7]).

The entire coding process is depicted in the Annex [12.1] for different number of neighbour cell measurement reports being dropped. It should be noted that for normal SACCH the stealing flags are set to ‘1’ and don’t convey any information. For Short SACCH, the stealing flags can be set to ‘0’ thus signalling the usage of Short SACCH instead of normal SACCH.

In this document the performance of the Short SACCH is investigated for the number of neighbour cell results on the uplink being 2, 3 and 4.  The corresponding coding schemes for the short SACCH in those cases are depicted in Figure 5, Figure 6 and Figure 7 respectively. 

2.1 Simulation results

Simulations have been run for the TU channels for 2, 3 and 4 neighbour cell reports being sent on the uplink as described in the section above. The results are shown in the figures below. It can be observed that a gain of 3 to 4 dB both for cochannel and adjacent channel interference and 2 to 3 dB for receiver sensitivity is achieved by dropping 3 or 4 neighbour cell reports on the uplink.
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Figure 1: Simulation results for cochannel interferer for TU3 idFH 
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Figure 2: Simulation results for adjacent channel interferer for TU3 idFH 

[image: image3.emf]0%

1%

10%

100%

0 1 2 3 4 5 6 7 8 Eb/N0

BLER

Normal SACCH short SACCH  - 4nbrs

Short SACCH - 3nbrs short SACCH  - 2 nbrs


Figure 3: Simulation results for receiver sensitivity for TU50 idFH 

3 Solution in the Downlink

It is understood from the field trial data in [3] that an enhancement for SACCH is required both in the uplink and in the downlink direction. Given the different nature of the information carried in the uplink and the downlink, there is no requirement that the solution should be the same in the two directions. The Repeated SACCH proposed in [5] could be used in the downlink, and would complement the proposal for the uplink outlined in this document for the overall enhancement of the SACCH. However, there is some inter-working between the two proposals as highlighted in the following sections.

4 Link Adaptation 

It should be noted that the enhanced SACCH either on the downlink or on the uplink need not be used in all radio conditions. Under normal conditions (good radio conditions), the mobile transmits the normal SACCH on the uplink. When the link quality degrades, the mobile shall switch to the Short SACCH on uplink. From the above simulation results (see also Figure 8), it can be concluded that the Short SACCH with 3 neighbour cell measurement reports on the uplink gives sufficient performance. Hence, when the link quality degrades, the mobile shall use the Short SACCH with 3 measurement reports on the uplink. However, it is desirable that the actual use of the Short SACCH on the uplink is linked not to the AMR mode in operation but to the radio link counter [8] at the network. This is because it is possible that the lower modes of AMR might be used in the network for a very long duration of the call. Hence, it is better to let the network act as the master and signal to the mobile whether to send a Short SACCH or a normal SACCH on the uplink. This could be done by the network setting the stealing flags of the downlink SACCH message to ‘0’, as shown in the Figure 4. The frame numbers shown in Figure 4 are the measurement period numbers corresponding to SACCH multiframes. 
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Figure 4: Usage of Short SACCH on the uplink and repeated SACCH on downlink with the network controlling the whole operation

The issue with this proposal is that, in the Repeated SACCH proposal [5], setting the stealing flags to ‘0’ is already used by the network to indicate whether or not to soft combine the current SACCH message with the previous SACCH message. This issue could be resolved as follows:

· on every second SACCH message (e.g. the odd SACCH blocks) the network signals to the mobile whether or not to soft combine the current SACCH message with the previous SACCH message using the stealing flags of that SACCH block (as required by the Repeated SACCH proposal [5]);

· On the other SACCH messages (e.g. the even SACCH blocks), the stealing flags are used to signal whether or not to send Short SACCH on the uplink. 

Note:
It might be possible that the mobile is able to successfully decode the previous SACCH frame on the downlink and in such a case, it shall ignore the current SACCH frame (if the stealing bits of that SACCH frame are set to ‘0’ to indicate that it is an exact repetition of the previous SACCH frame) while a mobile that was unable to successfully decode the previous frame could soft combine it with the previous frame before attempting to decode it again.

In addition, the usage of Short SACCH on the uplink is also signalled by the mobile to the network by setting the stealing flags to ‘0’. 

5 Signalling aspects 

For the implementation of the Short SACCH, two options, one with radio resource control signalling and one without signalling are possible, as outlined in the following sections.

5.2 Signalling mobile station’s capabilities to network

The mobile has to signal in the Classmark 3 its capability of being able to send the Short SACCH on the uplink. It is assumed that a mobile capable of sending Short SACCH on uplink is also capable of combining two SACCH messages (when indicated) on the downlink hence both the capabilities can be signalled together using a single bit in the Classmark 3. 

5.3 Signalling free solution

In the solution outlined in this document, the network is always acting as the master. Hence, the network can signal the repeated SACCH on the downlink and also order the mobile to use Short SACCH on the uplink using the stealing flags of the SACCH frames on the downlink. A legacy mobile will ignore the stealing flags of the SACCH. If the network does not receive a Short SACCH message in response to a such indication, it will infer that the MS does not support the Short SACCH and will stop requesting the MS to send Short SACCH. The exact details of the procedure will be implementation dependent.

It is recommended that various mobile vendors check their implementations to see if any of their mobiles have problems receiving SACCH frames with the stealing flags set to ‘0’ instead of ‘1’.

6 Backward Compatibility Issues

The compatibility of this proposal in a legacy and new network for the new and legacy mobiles is described in this section. 

6.4 New Mobiles in Legacy Networks

As highlighted in the above solution, the network is always the controller and hence, a new mobile in a legacy network will never receive a SACCH with the stealing flags set to ‘0’ and hence the new mobile will not use the Short SACCH on the uplink in a legacy network.  

6.5 Legacy Mobiles in New Networks

The network can understand if the mobile is new or a legacy mobile by reading the Classmark 3. Hence, the network will not order the mobile to send a Short SACCH on the uplink if it is a legacy mobile. However as mentioned earlier, there is also a possibility for complete signalling free solution - the network can order the mobile to send a Short SACCH on uplink by setting the stealing flags of the appropriate SACCH bursts on the downlink to ‘0’, irrespective of the knowledge of its capabilities and a legacy mobile would ignore this whereas a new mobile will respond with a Short SACCH on uplink. This detection procedure can be applied in good radio conditions after setup of the call.

7 Solution for Enhanced Measurement Reporting

The solution presented above is valid only for normal measurement reporting on the uplink. However, for enhanced measurement reporting, the message length on the uplink is not fixed. The number of neighbour cells reported on the uplink is also not constant in case of enhanced measurement reporting. Hence, the proposal is not compatible with the existing format of the enhanced measurement reporting. However, in this case one possible solution is to modify the existing Enhanced Measurement Report message as shown in Table 1.

The problem with the bitmap type reporting is that, as stated in Table 9.1.55.1 of TS 44.018, “At least 96 neighbour cell entries shall be encoded in the bitmap”. This means that 96 bits have to be used just to indicate the presence/absence of the measurement result for each neighbour cell. This would leave very little space for additional coding. Hence it is proposed to modify the structure of the message as shown in Table 1
With such a structure for the enhanced measurement report, when Short SACCH is in use the mobile shall not transmit the bitmap type measurement report but, instead, transmits the measurement reports of the valid neighbour cells by referring to the index in the Neighbour Cell list
 using a 7 bit binary number (since there can be up to 96 neighbour cells in the neighbour cell list, 7 bits are sufficient to address them). For example, by doing this, to report 3 neighbour cells only 3·(7+6)=39 bits are sufficient, whereas using the bitmap type reporting 96+3·6=114 bits are required.

Thus it is proposed that when the channel conditions become adverse, and when the mobile decides to send Short SACCH on the uplink, it uses the new “Repeated Measurement_Report” structure instead of the bitmap type reporting; at the same time, the maximum length of the message can be reduced from 184 bits to – say – 133 bits, so that a more robust channel coding can be used (this would be signalled using the stealing flags). For instance, when the mobile switches to the Short SACCH, the mobile can transmit the measurement results of up to 4 different neighbour cells with Invalid BSIC Information or measurement results of up to 5 different neighbour cells that are in the neighbour cell list or any combination of those such that the total number of bits needed to report those quantities does not exceed 75 bits (Refer to section 12.3). (Each measurement report of the neighbour cell with invalid BSIC needs 17 bits and each measurement report of the neighbour cell in the neighbour cell list needs 13 bits). This would ensure that the total message size is less than 133 bits and spare padding is done to reach a message size of 133 bits if necessary. Related to the link level performance, this is then equivalent to dropping 3 neighbour cell reports for the normal measurement report message on the uplink and the performance figures for such a Short SACCH message can be seen from the results presented above. The performance of Short SACCH for Enhanced Measurement reporting could be enhanced even more by reducing the maximum size of the message by reporting a lower number of neighbour cells.

	<Enhanced Measurement report> ::=

< RR short PD : bit >



-- See 3GPP TS 24.007

< Message type : bit (5) >



-- See 10.4

< Short layer 2 header : bit (2) >


-- See 3GPP TS 44.006

< BA_USED : bit >

< 3G_BA_USED : bit >

< BSIC_Seen : bit >

< SCALE : bit >

{ 0 | 1 < Serving cell data : < Serving cell data struct >> }

{ 1 < Repeated Invalid_BSIC_Information : < Repeated Invalid_BSIC_Information struct >> } ** 0

{ 0 | 1 { 0 | 1 < REPORTING_QUANTITY : bit (6) > } ** }
-- bitmap type reporting

{ null | L 
bit ** = < no string >
-- Receiver compatible with earlier release

| H

-- Additions in Rel-7:

{ 1 <Repeated Measurement_Report: <Repeated Measurement_Report struct > > } ** 0

< spare padding > ;


	< Serving cell data struct > ::=

< DTX_USED : bit >

< RXLEV_VAL : bit (6) >

< RX_QUAL_FULL : bit (3) >

< MEAN_BEP : bit (5) >

< CV_BEP : bit (3) >

< NBR_RCVD_BLOCKS : bit (5) > ;



	< Repeated Invalid_BSIC_Information struct > ::=
< BCCH-FREQ-NCELL : bit (5) >
< BSIC : bit (6) >
< RXLEV-NCELL : bit (6) > ;



	< Repeated Measurement_Report struct > ::=
< Reported cell : bit (7) >
< RXLEV-NCELL : bit (6) > ;




Table 1: Modified ENHANCED MEASUREMENT REPORT Message

	Reported cell
The index of the cell that the measurement refers to within the Neighbour Cell List.


Table 2: New Information Elements

8 Interworking with Enhanced Power Control

It is clear that when the radio link quality degrades considerably and when the radio link counter also falls below a threshold where the network decides to use Short SACCH on the uplink, the mobile will be transmitting with a power level very close to the maximum transmit power anyway and Enhanced Power Control on the downlink might not give additional benefit. Correspondingly, the mobile is likely to experience bad quality on the downlink and hence the RXQUAL_EPC used during Enhance Power Control might always be equal to RXQUAL_7 and hence there might not be any gain by using Enhanced Power Control in such conditions. Hence it is assumed that the Enhanced Power Control is not activated during the operation of Short SACCH. 

9 Impact on 3GPP specifications

The impact to the following 3GPP specifications is foreseen because of the introduction of Short SACCH concept.

	TS 45.003
	Introduction of new coding and puncturing schemes for Short SACCH

	TS 44.018
	Modifications to the Measurement Report and Enhanced Measurement Report messages and the specification of the algorithm for switching between normal SACCH and Short SACCH

	TS 24.008
	Introduction of new field in the Classmark 3 to signal mobile station capabilities

	TS 45.005
	Introduction of performance figures for the Short SACCH channel

	TS 45.001
	Definition of new logical channel type – Short SACCH

	TS 45.002
	Multiplexing of the new logical channel type 

	TS 44.006
	Specification of the transmission mode of the Short SACCH (minor modifications)


Table 3 – Affected specifications

10 Conclusion

A possible way of SACCH enhancement on the uplink is outlined in this document. It is proposed to use the Short SACCH with more robust coding on the uplink along with the repeated SACCH [5] on the downlink including the link adaptation procedure outlined in this document to solve the robustness problems for SACCH in the lower codec modes of AMR. 

Advantages of this technique are:

· It does not affect the quality of speech

· It is compatible with DTX without any modifications

· It does not affect the neighbour cell monitoring at the mobile station

· It keeps the neighbour cell reporting performance for good radio channel conditions on the uplink unchanged

· The solution can be extended to enhanced measurement report with a simple modification to the message format of the Enhanced Measurement Report and it can be seen that with the modified enhanced measurement reporting, Short SACCH can transmit up to 5 neighbour cell reports and still achieve the required performance for lower modes of AMR.

One disadvantage of this proposal is that there is less number of neighbour cells reported on the uplink for bad radio conditions on the uplink as decided by the network. 

However, it is believed that in adverse conditions it is preferable to report a limited number of the best neighbour cells rather than risking the loss of the entire message which might eventually lead to the drop of the call.
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12 Annex

12.6 Coding schemes used for various Short SACCH formats transmitting normal measurement reports on uplink
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Figure 5: Short SACCH on Uplink with 2 measurement reports
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Figure 6: Short SACCH on Uplink with 3 measurement reports
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Figure 7: Short SACCH on Uplink with 4 measurement reports

12.7 Comparison of various Short SACCH modes and the AMR modes

Figure 8 shows the performance of the SACCH and the lower AMR modes for a comparison. The results for SACCH with and without frequency hopping are almost similar and hence, only the plots for ideal frequency hopping are presented for SACCH (Frequency hopping doesn’t give much additional gain for SACCH because of the large temporal separation between the SACCH bursts; however, it gives a large gain for the AMR channels).
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Figure 8: Simulation results for cochannel interferer for TU3 idFH 

It is clear from the above figure that the problem with poor performance of the SACCH occurs when there is idle frequency hopping for the TCH/AFS channels.  The following observations can be drawn from the above figure.

For TCH/AFS4.75 channel, the C/I required for an FER of 1% on speech frames is 3.55 dB. The corresponding FER for the various SACCH messages at this CIR is as shown below.


Normal SACCH 




–  33%


Short SACCH – with 4 neighbour cell reports 
–  18%


Short SACCH – with 3 neighbour cell reports 
–  12%


Short SACCH – with 2 neighbour cell reports 
–  9%

For TCH/AFS7.4 channel, the C/I required for an FER of 1% on speech frames is 5.74 dB. The corresponding FER for the various SACCH messages at this CIR is as shown below.


Normal SACCH 




–  16%


Short SACCH – with 4 neighbour cell reports 
–  6.7%


Short SACCH – with 3 neighbour cell reports 
–  4.0%

Short SACCH – with 2 neighbour cell reports 
–  2.6%

From the above it is proposed that for all AMR modes lower than (and including) TCH/AFS7.4, the Short SACCH with only 3 measurement reports on the uplink shall be used when the network signals the necessity.

12.8 Calculation of the message length for the modified Enhanced Measurement Report

When the Short SACCH is used on the uplink, and if Enhanced Measurement Reporting is in use at the same time, then it is proposed to use the modified Enhanced Measurement Report as shown in Table 1. The idea here is to reach link level performance that is similar to the performance of the Short SACCH carrying 3 normal measurement reports on the uplink, the coding scheme for which is shown in Figure 6. Hence the total size of the new message (modified Enhanced Measurement Report) shall be less than or equal to 133 bits. It can be noted that there is a possibility to report some neighbour cell measurements which are not present in the Neighbour Cell List sent on the downlink and this is done using the “Repeated Invalid_BSIC_Information struct” available on the modified Enhanced Measurement Report. The measurement results of the cells in the Neighbour Cell List are done not using the bit map but using the newly defined “Repeated Measurement Report struct” in Table 1. 

Now, let there be x neighbour cells that are reported on the uplink which are not in the Neighbour Cell List (each such report is 17 bit long) and y neighbour cells that are reported on the uplink which are in the Neighbour Cell List (each such report is 13 bit long). The following equation has to be satisfied to reach the required performance goals.
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*In the above equation, 58 bits are the total number of bits required to signal the following quantities which are left unchanged

· Layer 1 header – 16 bits

· RR short PD,  Message type,  Short layer 2 header,  BA_USED, 3G_BA_USED , BSIC_Seen, SCALE – Together 12 bits

· The presence/absence of the serving cell data structure – 1 bit

· Serving cell data struct  - 23 bits

· Delimiters for - Repeated Invalid_BSIC_Information – (starts with a ‘1’ bit and ends with a ‘0’ bit) – 2 bits

· One bit for switching the bitmap type reporting off (set to ‘0’ always for Short SACCH) – 1 bit

· L|H to signal the presence/absence of the Repeated Measurement Report struct – 1 bit

· Delimiters for - Repeated Measurement Report struct - (starts with a ‘1’ bit and ends with a ‘0’ bit) – 2 bits

Hence, it is possible to send a maximum of 4 neighbour cell measurements for the cells that are not listed in the Neighbour Cell list (note that these are the only neighbours reported in this case) or 5 neighbour cell measurements for the cells that are listed in the Neighbour Cell list (again these are the only cells reported in this case) or any combination of the above two cases such that the total number of bits used to report those quantities doesn’t exceed 75 bits according to above equation. This then guarantees that the final message is less than (or equal to 133 bits). Padding can be done to reach to 133 bits when the message length is less than 133 bits and then the coding scheme shown in Figure 6 can be reused. 
















































































































� As indicated in subclause 3.4.1.2 of TS 44.018 � REF _Ref102969775 \r \h ��[9]�, for report with the ENHANCED MEASUREMENT REPORT message, reporting is performed on the Neighbour Cell List.
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