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DTX status reporting for Repeated SACCH operation 
1 Introduction
In order to improve the robustness of the SACCH channel for fullrate AMR modes, the operation of the Repeated SACCH has been agreed at GERAN#27 [1] and major issues have been clarified. However the following two issues were left open

a. the reporting of the uplink DTX status during repeated SACCH operation on uplink

b. the management and definition of network timers for SMS transport if Repeated SACCH is in operation on downlink or on uplink.

In this contribution issue a. is considered in more detail. The currently envisaged options are discussed in section 2 and a proposal is provided in section 3 and foreseen impacts to specifications are listed in section 4. 
2    Discussed options for support of DTX signalling
If Repeated SACCH is in operation on uplink, the mobile is commanded to send SAPI 0 frames (i.e. measurement reports) twice. The mobile then will send the same information in adjacent SACCH periods on uplink. Consequently the DTX status reporting usually based on a 480 ms update basis cannot be maintained. 

At GERAN#27 two options were discussed for the DTX status reporting during Repeated SACCH operation on uplink:

· Option 1: the DTX status reporting is related only to the time interval of 1 SACCH period, i.e. to the latest measurement interval at the mobile station to acquire downlink measurements. Hence the DTX status reporting is only done for every other measurement period. This means that the base station in this case does not have DTX information for every other set of uplink measurements and hence looses DTX information for RRM procedures. 
· Option2: the DTX status reporting is related to the time interval of 2 SACCH periods, i.e. to the time interval of the preceding transmission over the Repeated SACCH. Hence the DTX status reporting is changed during Repeated SACCH operation on uplink, in that no specific DTX information is available for each set of uplink measurements. It is expected that if this information is available only for a pair of successive sets of uplink measurements, this will impact on RRM procedures.

Because most of the RRM algorithms like Transmit Power Control and Handover are based on a DTX reporting period of 1 SACCH period, modification of these algorithms is likely required for Repeated SACCH operation on uplink, which may cause a considerable implementation effort.

3    Proposal for support of DTX signalling

In order to solve the issues indicated above, we propose to maintain the DTX status reporting on SACCH period basis of 480 ms also during Repeated SACCH operation on uplink. Therefore it is required to send two indications for the DTX uplink status, one for each SACCH period. This should be done via an additional signalling bit in the Layer 1 header of the uplink SACCH.  

Currently there is one spare bit available in the Layer 1 header of the uplink SACCH. This bit can be used to yield the required information on the uplink DTX status if Repeated SACCH operation is enabled, i.e. if the mobile has indicated this per signalling capability to the network.

Hence if Repeated SACCH operation is being enabled, the mobile transmits in the original bit “DTX used” foreseen for DTX uplink status the DTX status for the latest 480 ms period. In the spare bit of the SACCH Layer 1 Header it transmits the DTX uplink status for the 480 ms period preceding the latest period. This is depicted in Fig. 1.
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Fig. 1: Signalling of uplink DTX status during Repeated SACCH operation on uplink.  

The advantage of this proposal is that the base station always has the uplink DTX information available for each SACCH period, for which uplink measurements are generated. Hence no modifications are required for RRM algorithms in the BSS in case of Repeated SACCH operation. The BTS has solely to detect both indications. 

In case of normal SACCH operation on uplink, i.e. the mobile has not been commanded to use Repeated SACCH on uplink and hence the DTX status has an update rate of 480 ms, both indications are maintained, i.e. the spare bit in SACCH Layer 1 also indicates the DTX status of the preceding SACCH period. Thus robustness of DTX status reporting is also improved for normal SACCH operation, which is beneficial in case one normal uplink SACCH could not be decoded or a short message service was sent in a preceding SACCH information block. Note, that this behaviour is only valid for a mobile signalling its Repeated SACCH capability at call setup.
4 Changes to specifications

The following changes are required to GERAN specifications.
4.1  Changes to 3GPP TS 44.004

Section 6.1: Physical layer protocol fields and procedures
Procedures for handling the ‘DTX old’ field are specified in 3GPP TS 44.006. This is coded as follows:

Value:

0
No DTX used 
1
DTX used 

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

Section: 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:
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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
4.2  Changes to 3GPP TS 44.006
11.4
Enhanced DTX status reporting for uplink
An enhanced DTX status reporting for uplink shall be supported by an MS supporting the Repeated SACCH functionality. In the Layer 1 header of each uplink SACCH, if it is not a repetition candidate, the MS shall always indicate in the bit ‘DTX old’ (see 3GPP TS 44.004) whether DTX on uplink was applied or not in the measurement period preceding the time interval related to the reported downlink measurements, if a SAPI 0 frame were to be sent.
5 Conclusions
In this contribution we have investigated the issue of uplink DTX status reporting in case of Repeated SACCH operation. We propose to maintain the update rate of 480 ms for  uplink DTX status reporting, which requires the signalling of one additional indication in the SACCH Layer 1 Header. This allows best reutilisation of designed RRM algorithms in the BSS also during Repeated SACCH operation. We have also listed the required changes to the GERAN specifications. If GERAN agrees on this proposal, change requests will be provided to GERAN#29.
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