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Introduction
At RAN1#116bis, the following agreements were made:
	Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further




[bookmark: _Hlk510705081]
For this document, we add some more analysis as to the modulation of the D2R link. In particular, we discuss the performance impact of the different modulations. Even though convolution code is considered to be the FEC to be used for the D2R link, we provide BLER performance simulation of modulations without the FEC, as it is somewhat orthogonal to the comparison of the various D2R considered modulations. 

In ‎[1],‎[2] a comparison between the various modulations for D2R was presented. It is observed (Observations 1-13) in ‎[1] that:
1. The spectrum of an MSK modulation (a variant of binary-FSK modulation) being continues phase, has preferred spectral properties (10-15dB improvement) compared to PSK or OOK for both active devices (device 2b) and backscatter devices (devices 1 and 2a).
2. The implementation complexities and power consumptions of MSK compared to OOK or PSK for backscatter transmitters are identical.
3. The power consumption of PSK active transmitter is x5 higher compared to MSK or OOK transmitters. 

When comparing the power spectra of FSK with integer modulation index from ‎[3] to the power spectra of MSK from ‎[2] we see a much better out of band spectral emissions and no spikes. 
[bookmark: obs1]Observation 1: MSK have better out of band spectral emissions which does not include spikes compared to integer modulation index FSK and non-pulse shaping PSK.
 

We would like to elaborate on the MSK architecture for active device and backscatter device, as was suggested in ‎[1]. 
As mentioned therein, a possible implementation will consist of two oscillators, one for the symbol rate and one for the modulation, which is controlled by the encoded bit stream to be transmitted and also distant transmission from CW. This can be seen on Figure 1. The main difference between the backscatter and the active transmitter is that for active transmitter, the clock of the carrier Fc is modulated directly, so the clock is much higher compared to the clock of the backscatter and thus consumes more power (as is required by the SID for device 2b). Device 2a can use the lower clock and save clock power compared to device 2b (device 2a will require active impedance switch, which will increase the power consumption as well).
On the other hand, for backscatter MSK transmitter, the clock which is modulated, Fm, is required to be high enough just to distance the transmitted information for the strong carrier wave. So as RFID, only small frequency shifts are required to make sure the receiver can mask off the carrier wave and still be able to receive the signals. Thus small Fm gives also lower power consumption (as is required by the SID for device 1)   
[image: ]
[bookmark: _Ref166169088][bookmark: _Ref166169108][bookmark: obs1_1]Figure 1 - Option for MSK Modulation in Active and Backscatter Transmitters

Observation 2: MSK have simple low power implementation, comparable to integer modulation index FSK and PSK for backscatter and active transmitters.



In terms of performance, we simulated a simple coherent receiver that can receive BPSK, MSK and OOK which are uncoded. 
This is shown in Figure 2, where it is seen that uncoded BLER performance of BPSK and MSK are identical. There was no pulse shaping used for either modulation, as we expect from ultra-low complexity and low power transmitter. For OOK, we can see that even coherent demodulation suffers 3dB loss due to the non-antipodal modulation. The operating SNR for MSK/BPSK is 7-9dB, while it is 10-12dB for OOK modulation.

[image: ]
[bookmark: _Ref166175691]Figure 2 - BLER vs SNR for uncoded MSK, BPSK and OOK using coherent reception 

[bookmark: obs2_1]Observation 3: BLER performance of MSK and BPSK are identical for coherent reception. OOK is 3dB worse compared to BPSK and MSK. 
[bookmark: obs11_1] 


   
Conclusion
In this contribution, we have made the following observations related to Ambient IoT:
Observation 1: MSK have better out of band spectral emissions which does not include spikes compared to integer modulation index FSK and non-pulse shaping PSK.
Observation 2: MSK have simple low power implementation, comparable to integer modulation index FSK and PSK for backscatter and active transmitters. 
Observation 3: BLER performance of MSK and BPSK are identical for coherent reception. OOK is 3dB worse compared to BPSK and MSK. 
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