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Introduction

In the RAN4#88 and RAN#81 meeting, there were some initial discussions on the NR and MTC coexistence issues. In this contribution, we want to share some consideration on the open issues for NR and MTC coexistence. 

For eMTC in-band operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following:
15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands , with higher priority given first to 15kHz and then to 30kHz
Study feasible eMTC placement allocation without RF backward compatibility impact and compatible with Rel’13 eMTC and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
Channel raster, PRB and subcarrier grid alignment between eMTC and NR
synchronization issue between eMTC and NR, including timing advance
Discussion 
For the eMTC service, it will reuse the LTE PSS/SSS/PBCH channel for initial access. In other words, the 6 central PRBs plus DC carrier in LTE system should be reused in NR&MTC coexistence scenario. One more issue is that channel raster, for LTE system, channel raster is 100KHz and however for NR system, there are 2 kinds of channel raster, 100KHz for below 2.6GHz and 15KHz channel raster for above 2.6GHz. In the following section, we will further elaborate the PRBs placement for NR&MTC coexistence system under the condition of different channel raster. 

2.1. Subcarrier alignment between eMTC and NR
If NR channel raster is 100KHz which means the NR bands are refarmed from legacy LTE bands, then as shown in Figure1/2, the MTC PRBs (reusing from legacy LTE PSS/SSS/PBCH channel) could be placed on any NR raster n*100KHz+300KHz*m where n is for NR center carrier the and m is for the possible freq shifting for PRB alignment.

 As shown in Figure1/1a, the MTC DC carrier and NR DC carrier are aligned and are placed on the channel raster 100KHz*n, however as NR DC carrier are allowed to transmit signals instead of keeping empty in LTE carrier, therefore 11 NR subcarrier will be wasted due to PRBs alignment if NR subcarrier spacing is 15KHz and 11 NR carrier will be wasted if NR subcarrier spacing is 30KHz. In the Figure1a, as this case is mixed numerology scenario, the guardband between NR SC and MTC SC should be further evaluated as NR carrier might cause interference to the MTC carrier if there are no enough guardband reserved. Regarding the usage of ‘wasted NR SC’ after leaving the guardband between NR and MTC (e.g rate-matching or puncturing) are out of scope of RAN4’s investigation and up to RAN1’s discussion.
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Figure 1. the eMTC PRBs mapping to NR PRBs if channel raster is 100KHz and 15KHz NR SCS
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Figure1a . the eMTC PRBs mapping to NR PRBs if channel raster is 100KHz and 30KHz NR SCS
As shown in Figure2, MTC DC carrier and NR DC carrier are misaligned, it is the same story as in Figure 1, 11 NR subcarriers will be wasted due to PRBs alignment if NR subcarrier spacing is 15KHz and 11 NR subcarriers will be wasted due if NR subcarrier spacing is 30KHz. 
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Figure 2. the eMTC PRBs mapping to NR PRBs if channel raster is 100KHz and 15KHz NR SCS
Based on the above analysis, the MTC PRBs could be fitted into the NR carrier with some ‘wasted NR SC’ if the channel raster is 100KHz, the basic reason is that DC carrier in NR system is allowed to transmit signals. 

Observation 1: the MTC PRBs could be fitted into the NR carrier with 11 ‘Wasted NR SC’ if channel raster is 100KHz. 
If NR channel raster is 15KHz as shown in Figure 3, MTC PRBs could be still placed on the 100KHz channel raster, then similar as previous Figures, the MTC PRBs could be fitted into the NR carriers with 11 ‘Wasted NR SCs’. 
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Figure 3. the eMTC PRBs mapping to NR PRBs if channel raster is 15KHz and 15KHz NR SCS

Observation 2: the MTC PRBs could be fitted into the NR carrier with 11 ‘Wasted NR SC’ if channel raster is 15KHz. 
2.2 RF backward compatibility 
Regarding the RF backward compatibility, in general NR PSD should be kept the same as the LTE PSD to guarantee the NR coverage. For eMTC immigrating from LTE to NR, the eMTC should also be kept the same as that in LTE, therefore unwanted emission mask for NR could also been guaranteed which means RF backward compatibility could be maintained.
Observation 3: For eMTC immigrating from LTE to NR, RF backward compatibility could be maintained. 
2.3 TAGs misalignment between NR and MTC
TAGs misalignment due to different DL timing between NR and eMTC or uplink TAGs misalignment between NR and eMTC should be avoided by the implementation. For example, different BBU and AAU are designed to support the NR and eMTC, then the different clock timing might cause uplink TAGs misalignment which should be avoided by sharing BBU and AAU to reduce timing difference, however this could be totally left to the implementation instead of specification. In the uplink, different TA estimation and accuracy between NR and eMTC, these might also cause the TAGs misalignment, however this should be also avoid similar as what has been did for LTE with eMTC.   

Proposal: TAGs misalignment could be avoided similar as what did for LTE with in-band/guardband NB-IoT operation, regardless caused by DL timing difference between NR and eMTC or UL timing estimation errors between NR and eMTC. 
Conclusions
In this contribution, want to share some consideration on the open issues for NR and MTC coexistence and observation and proposal are proposed as following: 

Observation 1: the MTC PRBs could be fitted into the NR carrier with 11 ‘Wasted NR SC’ if channel raster is 100KHz. 

Observation 2: the MTC PRBs could be fitted into the NR carrier with 11 ‘Wasted NR SC’ if channel raster is 15KHz. 

Observation 3: For eMTC immigrating from LTE to NR, RF backward compatibility could be maintained. 
Proposal: TAGs misalignment could be avoided similar as what did for LTE with in-band/guardband NB-IoT operation, regardless caused by DL timing difference between NR and eMTC or UL timing estimation errors between NR and eMTC. 
References

[1] R4-1810078,Way forward on the study scope of RF co-existence of LTE MTC and NB-IoT with NR,Source: Ericsson

[2] R4-1810409,Consideration on coexistence scenarios between NR and LTE-M/NB-IoT, Source: CHTTL

[3] R4-1810496,On LTE MTC RF co-existence with NR,Source: Ericsson

[4]R4-1811841,LS to RAN on the scope of NR and NB-IoT/eMTC Coexistence Studies,Huawei, approved.
如果eMTC和NR半静态资源划分（划分后，互不占用对方资源），此时，eMTC不对齐子载波仅影响1个PRB；


如果eMTC和NR动态资源共享（每个资源既可以给NR，也可以给eMTC），eMTC不对齐子载波仅影响的PRB数量，与eMTC占用不连续PRB数量相关；





针对eMTC和NR半静态资源划分（RRC配置比较合适），以及动态资源共享场景DCI配置比较合适；统一设计，建议DCI动态配置
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