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Considerations on 8PSK and GMSK modulation for FLO

1 Introduction

At GERAN#14, simulation results were presented demonstrating that 8PSK modulation, if available, should be used in preference to GMSK, as it provides superior performance [1]. One advantage of restricting the modulation to be a parameter of the basic physical subchannel is that switching between 8PSK and GMSK is avoided, which is desirable in case diagonal interleaving is used. The paper concluded that allowing the modulation to be a parameter of the physical channel was acceptable. However, [2] (Section 3, Figure 3) demonstrates that this conclusion is not strictly true for all radio channel types particularly those where frequency hopping is not used.

Also, at GERAN#14 concerns where raised about handover for cells using FLO from cells supporting 8-PSK to GMSK-only cells, which are addressed and discussed in section 3 of this paper.

2 Switching between 8PSK and GMSK modulation

For non-hopping channels, it may be desirable to include both 8PSK and GMSK Transport Format Combinations (TFCs) within the Transport Format Combination Set (TFCS), as for some TFCs the performance of GMSK modulation may be superior to 8PSK but for other TFCs the converse could be true. Switching between GMSK and 8PSK modulation could be performed without any restrictions when an interleaving depth of 20ms in used. There is a small degradation in performance incurred since blind detection will be required, as with EGPRS today. However, if the interleaving depth of 40ms is used, then switching between modulations would introduce a 20ms gap in the radio packet transmissions, as illustrated in Figure 1.
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Figure 1: Switching from 8PSK to GMSK modulation.

One option could be that, whilst operating within a cell switching between GMSK and 8PSK would not be allowed when using interleaving depths greater than 20ms. An alternative is to accept the gap in the transmission. For speech services it is envisaged that this will have a similar impact on speech quality as “FACCH stealing” today. In this case the spare bits could be filled with dummy bits and discarded at the receiver.

In [1] it was demonstrated that 8PSK modulation is the best modulation to use when Frequency Hopping is used. In most networks today, Frequency Hopping is used and thus an option may be not to switch modulation regardless of the type of interleaving.

3 Handover between 8PSK and GMSK only BTSs

In [3] the procedures for handover for FLO for the GERAN are detailed. As described in the paper it is the target BSS that will be in control of the Transport Format Combination Set to be used in the target cell. The target cell could request a reconfiguration of the TFCS as mentioned in [4]. TR 45.902 also mentions the possibility to restrict the use of TFCs within the TFCS:

“When configuring or reconfiguring the TFCS, Layer 3 can optionally include transport format combination subset information to restrict the transport format combinations within the TFCS that can be used. This information could be in the form of a “minimum allowed transport format combination index”, an “allowed transport format combination list”, a “non-allowed transport format combination list” or other to be defined.”

This is similar to the TFC control procedures that are defined in the UTRAN, whereby a number of messages, for example TRANSPORT FORMAT COMBINATION CONTROL, can be used to restrict the allowed TFCs within a TFCS (see subclause 8.2.5 of [5]).

If a call is using 8PSK, some of the TFCs defined could still be used with GMSK modulation with an acceptable performance (e.g. FER lower than 1%); however, some TFCs may not provide adequate performance if they were used with GMSK (e.g. transport blocks with large block sizes). Thus, in the case where the source cell is 8PSK capable and the call is handed over to a GMSK-only cell, and a DBPSCH with GMSK modulation will be allocated in the handover command, two options would be available.

· The existing TFCS is reconfigured by adding, deleting or reconfiguring some TFCs.

· The use of 8PSK TFCs is restricted whilst the MS resides in the GMSK-only cell by the use of TFC control procedures. 

In terms of signalling, the second option is more efficient, both because the messages are likely to be smaller, and also because if the call returns to an 8PSK capable cell, existing inactive 8PSK transport format combinations can be reactivated.

In order to assist the target cell in the decision of which TFCs to restrict, the modulation type could be included as an attribute of each transport format combination in the layer 3 signalling messages. A one-bit field could be associated with each transport format combination indicating whether a TFC can be used either with both GMSK and 8PSK modulation, or with 8PSK only. At handover, the restriction to use only transport format combinations suitable for the modulation selected for the physical channel could be implicit or controlled by the network. With this scheme, a reconfiguration of the TFCS is not required.

4 Conclusion

This paper raises the issue of whether both GMSK and 8PSK transport format combinations should be allowed in a TFCS. Two important points can be drawn from the discussion in sections 2 and 3.

· As Frequency Hopping is likely to be used in most GSM networks today, then the conclusion drawn in [1] that the modulation should be a parameter of the physical channel is acceptable. 

· It is beneficial to distinguish in the TFCS whether TFCs can be used with both 8PSK and GMSK modulation or only with 8PSK modulation, in order to facilitate handover from 8PSK capable cells to GMSK-only cells or vice versa. 

Siemens proposes to add an additional bit to the layer 3 signalling messages to indicate whether a TFC is allowed to use GMSK and 8PSK modulations, or 8PSK modulation only. A CR to introduce the modulation parameter into TR 45.902 is contained in [6].
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