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Introduction

The Rel-16 MTC WI [1] has been revised to add the main areas to be investigated when it comes to MTC and NR coexistence. 

During the RAN4#91 meeting, a TR skeleton [2] has been agreed. In the approved Way Forward [3] for MTC and NR coexistence, synchronization issues between LTE-MTC and NR needs further investigation. 

l Aspects for further study
Synchronization aspects (Editor: ZTE)

-Timing advance 

Based on the companion contribution [4], TP to clarify synchronization issues between LTE-MTC and NR is proposed.
Conclusions
It is proposed to capture the below TP into TR [2].
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Synchronization issue between LTE-MTC and NR

For NR coexist with LTE-MTC, first of all, it’s co-located scenario and it’s most likely that NR and MTC could share the same reference clock. In other words, NR and MTC is timing aligned similar as LTE coexist with MTC in the downlink.

 As LTE-MTC and NR is timing aligned in downlink, therefore the uplink timing difference between LTE-MTC and NR should consist of LTE-MTC UE transmit timing error and NR UE transmit timing error. 

For LTE-MTC UE transmit timing error, the maximum transmit timing error should be 48Ts+4Ts+8Ts equal to 60Ts in which 48Ts is the worst LTE-MTC UE initial transmit timing error, 4Ts is TA adjustment accuracy and 8Ts is TA quantization accuracy as the TA command is express in multiple of 16Ts defined in TS36.133. Based on above considerations, the maximum timing error compared with reference timing should be 1.9531us. 
For NR UE transmit timing, if uplink subcarrier spacing is configured with 15KHz and SSB SCS is configured with 15KHz which is specified with worst transmit timing error for uplink SCS 15KHz, the maximum transmit timing error should be 12*64*Tc+256*Tc+8*64*Tc equal to (12+4+8)*64*Tc equal to 24*Ts which is the same as the maximum LTE UE transmitting error. Based on the above considerations, maximum arrival timing difference between NR carrier and LTE-MTC carrier should be 2.7344us as shown in Figure 8.1 which is less than the NR CP length 4.96us if SCS 15KHz is configured for NR. In other words, there should be no severe coexistence problems even if the same OFDM timing for NR signals and MTC signals was used.
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Figure 8.1. the maximum arrival timing difference between NR and LTE-MTC in Uplink
For NR UE transmit timing, if uplink subcarrier spacing is configured with 60KHz and SSB SCS configured with 30KHz which is specified with the worst transmit timing error for uplink SCS 60KHz, the maximum transmit timing error should be 10*64*Tc+128*Tc+8*64*Tc/4 equal to 14 Ts (0.4557us). Based on the above consideration, the maximum arrival timing difference between NR carrier an LTE-MTC carrier should be 2.4088us as shown in Figure 8.2 which is larger than the NR CP length 1.17us if SCS 60KHz is configured for NR. 
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Figure 8.2. the maximum arrival timing difference between NR and LTE-MTC in Uplink
However in practice, for LTE-MTC carrier configured within the NR carrier will be processed in the digital down conversion (DDC) via digital filtering and sampling rate matching similar as LTE PRACH and LTE PUSCH/PUCCH channel as shown in Figure 8.3. In other words, LTE-MTC PRBs and NR PRB will be processed independently and OFDM symbol timing could also be independently, therefore even with timing difference between these two carriers, there should be no coexistence problems.

[image: image3.png]Antenna Rx IF process
 —
‘ Mixer
/L ‘ I NRRX| wrc Re
RF Filter LNA L IF Filter IF PA BB
Lo





Figure 8.3. RF architecture for NR coexist with LTE-MTC in Uplink
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