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Introduction
This contribution discusses various aspects of coherent transmission and reception in the EC-GSM MS.
The following aspects are covered:
· GMSK modulator (see section 2)
· Local oscillator (see section 3)
· Power amplifier (see section 4)
[bookmark: _Ref421804811]GMSK modulator
GMSK modulation according to current specification
The GMSK modulated burst is defined in 3GPP TS 45.004 [2]. The phase of a GMSK modulated signal (see clause 2) is defined as



where  is the modulating data value (derived from the data bits),   is the modulating index, is the bit period,  is a phase pulse (see subclause 2.4 of [2]), and  is the time variable (defined as having t' = 0 at the start of the active part of the burst, see Figure 2 below).

The modulating data values  are derives from the data bits  as
 	(differential encoding)

		(antipodal mapping)
The phase trajectory can equivalently be expressed as



where  is the phase shift function shown in Figure 1.
[image: ]
[bookmark: _Ref421742582]Figure 1: GMSK phase shift function.




defines the phase increase (or decrease) by a given modulating data value, and  has a strictly positive slope, which means that each , in theory, impacts the phase of the entire modulated burst. In practice, however, the impact is negligible at a distance of more than two bit periods in either direction.

is then used to define the modulated RF signal according to



where is a random phase that is constant during one burst.
This expression only applies during the useful part of the burst, the center part of length 147 bit periods (see Figure 2, copied from [2]). As stated in subclause 2.2 of [2], nothing is specified about the phase of the signal outside the useful part of the burst.



[bookmark: _Ref421783883]Figure 2: Relation between active part of burst, tail bits and dummy bits. For the normal burst the useful part lasts for 147 modulating bits.


From the discussion above it can be concluded that both coherent transmission (i.e., repeated transmissions of a burst with the same burst phase ) and overlaid CDMA transmission (i.e., repeated transmission with a known relation between the values of the different bursts) are already allowed by the current specification, unless the word “random” in “random phase” is interpreted very literally.
One possible implementation
It is of course advantageous to find a solution that can be implemented easily on current GPRS MS platforms. One such solution is detailed below for the case of transmission on consecutive timeslots within a TDMA frame. In this case, the modulator can be continuously run across the multiple timeslots to generate the repeated bursts. 
According to 3GPP TS 45.010 [4], two options are allowed for the timeslot lengths within a TDMA frame (see [4], subclause 5.7 and 6.4, for BTS and MS, respectively):
· Regular timeslot structure: all timeslots have the same length of 156.25 bit periods.
· Irregular timeslot structure: the timeslot length is 157 bit periods on timeslots 0 and 4, and 156 bit periods on the other timeslots.
As stated in the TR [5], the irregular timeslot structure is mandated to be used for the BTS supporting EC-GSM.
In order to continuously run a modulator whose input is integer bits across multiple timeslots, it is necessary to use the integer timeslot lengths. In the following, it is therefore assumed that the irregular timeslot structure is used also by the MS.
Coherent transmission, without Overlaid CDMA
A straightforward implementation of continuous modulation across the guard period is illustrated in Figure 3. In this case, it is assumed that the timeslot length of the first burst is 156 bit periods. Between the tail bits of the first burst and the tail bits of the second burst, eight dummy bits are used to fill the guard period. 
[image: ]
[bookmark: _Ref421800146]Figure 3: Modulated bits during guard period of length 8 (corresponding to timeslot length 156 of the first burst).
With this construction, the phase at the start of burst n+1 will be the same as the phase at the start of burst n, i.e., a coherent transmission is achieved. Note that due to that differential encoding of the data bits is used in the GMSK modulator, this is true regardless of the data bits and training sequence bits, since the timeslot length is a multiple of four (156 = 4*39).
Consider now the case where the first burst is transmitted in a timeslot with length 157 bit periods. In this case, nine dummy bits are used to fill the guard period. This is shown in Figure 4.
[image: ]
[bookmark: _Ref421802178]Figure 4: Modulated bits during guard period of length 9 (corresponding to timeslot length 157 of the first burst).
In this case, the phase at the start of burst n+1 will be shifted by 90 degrees relative to the phase at the start of burst n. But since the timeslot structure is known, the receiver can shift the burst back before combining.
Overlaid CDMA
Overlaid CDMA requires that controlled phase shifts can be inserted between the repeated bursts. In case a Hadamard matrix is used, phase shifts of 180 degrees are needed. This can be achieved by inverting all bits in a burst before feeding them to the GMSK modulator. This is illustrated in Figure 5, where it is assumed that the inversion is started in the middle of the guard period[footnoteRef:1]. [1:  This should be seen as an example. Bit inversion may start anywhere during the guard period or at the first tail bit.] 


[image: ]
[bookmark: _Ref421804236]Figure 5: Bit inversion will generate a 180 degree phase shift between the two bursts.
In case the timeslot length of the first burst is 157, the same method can be used. Again, in this case a phase shift of 90 degrees will be seen between the bursts (in addition to the 180 degrees phase shift created by the bit inversion), but this can be compensated for by the receiver and will not impact the ortogonality of the Hadamard code (since all users transmitting simultaneously would follow the same phase reference in the different slots).
[bookmark: _Ref421804822]Local oscillator
The phase of the LO (local oscillator) can be maintained between bursts (for both transmission/reception of contiguous or non-contiguous TS) if the LO is kept running in between the bursts. To mitigate the power consumption penalty due to keeping the frequency synthesizer on, a dedicated power island for PLL and synthesizer can be used. This design approach isolates synthesizer and PLL from the rest of the RF transceiver and prevents keeping the whole RF transceiver block on to maintain phase coherency.
The battery lifetime impact of this is minor as shown in [6].
[bookmark: _Ref421804832]Power amplifier
In non-contiguous transmission, power ramping up and down time is expected to cause random time jitter of around 10ns. Note that GSM symbol rate is 270.833 kHz resulting in GMSK phase shift of π/2 phase shift every 3.69 µs. Therefore 10 ns of timing difference leads to phase shift of (π/2)*(10/3.69*1000).  It is very clear that this amount of jitter is very small to cause any impact to the performance of GSMK demodulator.
Conclusions
The current 3GPP TS 45.004 does not prohibit coherent transmission (including overlaid CDMA). A practical implementation has been proposed in which coherent transmission is achieved by continuously running the GMSK modulator across the guard period. Bit inversion can generate phase shifts of 180 degrees to accommodate for overlaid CDMA.
Phase coherency can be maintained by keeping the PLL running. The battery lifetime reduction for EC-GSM is minor.
Power ramping up and down of the PA is not expected to cause coherency problems.
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Annex A: 3GPP TS 45.005
The MS may optionally skip ramping down/up between bursts in case they are transmitted on consecutive timeslots, as shown by the following excerpt from 3GPP TS 45.005 [3], subclause 4.5.2:
“In the case of Multislot Configurations where the bursts in two or more consecutive time slots are actually transmitted at the same frequency, the template of annex B shall be respected during the useful part of each burst and at the beginning and the end of the series of consecutive bursts. The output power during the period between the useful parts of every two consecutive active timeslots shall not exceed the level allowed for the useful part of the first timeslot, or the level allowed for the useful part of the second timeslot plus 3 dB, whichever is the highest.”
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