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1.  Introduction
At GERAN#67, a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was created, see [1].

In EC-GSM, IQ accumulation is proposed to achieve the 20 dB coverage extension which is one of the main targets of EC-GSM. To realize IQ accumulation, phase continuity should be guaranteed by both the BTS and the CIoT devices. That means the RF chain, or at least the PLL/crystal, should keep running even when there’s nothing to transmit/receive. On one side, this is a threaten to the 10 year battery life which is another target of EC-GSM.  One another side, phase continuity is a demanding requirement for CIoT devices. 

In this document, we present an alternative approach to realize IQ accumulation without requirement of phase continuity.

2.  Principle of non-coherent transmitting and receiving
Assume the accumulated IQ samples and the incoming IQ samples are expressed as in the following equations:

                  (1)
        (2)

, where  is the nth sample of the kth IQ accumulation and  is the nth sample of the (k+i)th burst.  and  are the initial phase of the kth accumulation and the (k+i)th burst respectively. Burst initial phase comes from random phase caused by switching on and off of RF circuitry and cumulative phase caused by frequency offset.  is the frequency offset. is the symbol duration.  is the channel coefficient and  is the transmitted symbol,  and  are white noise samples.  is the number of IQ samples per burst.

The burst initial phase difference can be estimated as shown below. Given IQ samples in the kth accumulation and the (k+i)th burst expressed as vectors 

         (4)
     (5)

, In one example embodiment the initial phase can be estimated as 

          (6)

, where  is the operator to get angle of a complex argument,  is the inner product operator and  is the transpose and complex-conjugation operator. Other complex estimation techniques can also be employed.

After compensation of initial phase offset of bursts, IQ accumulation can then be done iteratively as 


3. Performance simulation
	Figure 1 shows the performance of the proposed solution. It can be seen that the -6.3 dB requirement can be achieved. What’s more, the performance is not sensitive to frequency offset.
	Figures 2 to 5 show the performance of EC-PCH based on the state-of-the-art solution under CC6. From them, the following can be concluded:
· The performance is improved as the number of accumulated burst is increased,
· With the increasing number of accumulated bursts, the performance becomes more sensitive to the frequency offset.
	Compared with the state-of-the-art solution, the proposed solution has a maximum performance degradation of around 2 dB. However, the advantages listed below make it more appealing than the state-of-the-art solution.

1. It doesn’t require continuous phase at either NW side or UE side. That means we do not need to waste the precious power and therefore can extend the life cycle of the battery;
1. Only buffering of one burst IQ data (1280 Byte) is needed. It is used to store the accumulated IQ samples. In the state-of-art solution, 16x memory consumption is needed since all the 16 accumulated bursts need to be buffered. Without IQ buffering, an accurate frequency offset cannot obtained and the IQ accumulation cannot improve the performance as expected.
1. It is not so sensitive to frequency offset.



Figure 1. Performance simulation of EC-PCH (Non-coherent Rx/Tx)

 
Figure 2. Performance simulation of EC-PCH (Coherent Rx/Tx)


Figure 3. Performance simulation of EC-PCH (Coherent Rx/Tx)


Figure 4. Performance simulation of EC-PCH (Coherent Rx/Tx)


Figure 5. Performance simulation of EC-PCH (Coherent Rx/Tx)



4. Summary
In this contribution, we have presented another approach to realize IQ accumulation. Compared with IQ accumulation with phase continuity, the new approach requires almost no hardware changes and is not sensitive to frequency offset.
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FER of EC-PCH/EC-AGCH@TU1.2 (Coherent Rx/Tx, niqacc = 4)
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FER of EC-PCH/EC-AGCH@TU1.2 (Coherent Rx/Tx, niqacc = 8)
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FER of EC-PCH/EC-AGCH@TU1.2 (Coherent Rx/Tx, niqacc = 16)
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FER of EC-PCH/EC-AGCH@TU1.2 (Non-coherent Rx/Tx, niqacc = 16)
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