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Background
In RAN4#106bis-e, how to handle the ETSI requirement in EN 301 681 specifications [1] has been discussed [2], and the discrepancies between ETSI requirements and 3GPP requirements have been identified [3]. It is agreed that an LS will be sent to ETSI, and how to address ETSI requirements in 3GPP specification will be further studied [2]. In this contribution, we provide our analysis of discrepancies between the ETSI requirement vs. the 3GPP requirement for in-band (IB)/out-of-band (OOB) emission and blocking. 

1. [bookmark: _Hlk8895418]IB and OOB emission requirements in ETSI 
The IB emission and OOB emission requirement in the EN 301 681 specification vs. 3GPP SEM for cat-M1 and NB-IoT have been plotted in Fig. 1 and Fig. 2, respectively. The results are scaled to dBm/1MHz. Generally speaking, some discrepancies between ETSI and 3GPP emission requirements exist, and the ETSI requirement is more stringent than 3GPP requirements at some frequency offset range.
Observation 1: There is a discrepancy between 3GPP and ETSI SEM requirements, and ETSI SEMs are tighter than 3GPP SEMs at some frequency offsets. 
0. IB and OOB emission requirement in ETSI for cat-M1
For cat-M1 (Fig. 1), the ETSI requirement is more stringent than 3GPP SEM within a wide frequency offset range. However, such a discrepancy is mainly caused by different SEM specification methods used by 3GPP and ETSI:  step-wise SEM is adopted in 3GPP but linearly dBW-interpolated SEMs are used in ETSI. In our view, these discrepancies may not be critical since the SEM of real devices is closer to the ETSI method (linearly interpolated).
Observation2: The discrepancies in CatM1 masks are caused by different SEM specification methods used by 3GPP and ETSI (stepwise SEM in 3GPP vs. linearly dBW-interpolated SEM in ETSI) – these discrepancies may not be critical since the real SEM performance is closer to ETSI method. 

[image: ][image: ]
(a)                                                                                                       (b)
Fig. 1. The comparison of ETSI (a) IB and (b) OOB emission limit vs. 3GPP SEM for cat-M1. 

0. IB and OOB emission requirement in ETSI for NB-IoT
For NB-IoT (Fig. 2), The more stringent IB emission limit from ETSI might be tolerated at the expense of the actual SEM margins. However, the OOB emission mask (see Fig. 2(b)) becomes the most concerning case when NB-IoT carrier is located at the edge of the operating frequency band (e.g., b255). Therefore, 3GPP shall consider specifying a guard band or A-MPR to help the 3GPP devices meet ETSI requirements unless ETSI could consider aligning their OOB emission limit requirement with 3GPP specification. 
Observation 3: The discrepancies in NB-IoT masks are mostly concerning if NB-IoT is located at the edge of the operating frequency band b255.
Proposal 1: 3GPP shall specify a sufficient guard band or A-MPR to help NB-IoT devices to meet the ETSI OOB emission limit when the carrier is on the edge of the operating frequency band. 
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(a)                                                                                                       (b)
Fig. 2. The comparison of ETSI (a) IB and (b) OOB emission limit vs. 3GPP SEM for NB-IoT.
To ensure the NB-IoT devices to meet the ETSI OOB emission limit, a guard band on the edges of band 255 can be assigned. A similar method has been adopted for FCC SEM with NS_02, where a 90kHz guardband is introduced at the edges of the frequency band when the UE operates in the USA and Canada. For the OOB limits in ETSI, it can be observed that a 200 kHz guard band is needed on the edges of band 255 so that the OOB emission limit from ETSI can always "stay above" the 3GPP SEM. 
Observation 4: Similarly to the approach for FCC SEM, a guard band can be introduced help 3GPP NB-IoT devices meet ETSI OOB emission limits for b255. 
Proposal 2: 3GPP shall specify a 200 kHz guardband at the edges of band 255 to ensure the 3GPP NB-IoT devices can always meet the ETSI OOB emission mask when the devices are operating in corresponding EU regions. 
In addtion to the more strickt requireemnt in the small frequency offset reigion, it also comes to our attention that that the ETSI OOB requirement can be more strickt than 3GPP emission for the frequency offset region that are far from the center frequency (e.g., spurious emission region). In addtion, there is also a descrepency between ETSI OOB requirement and NS_02N emission limit in this case. Therefore, it is proposed that companies should also discuss how to addresst this issue.  
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Fig. 2. The comparison of ETSI OOB emission limit vs. 3GPP SEM for NB-IoT and NS_02N SEM in a large frequency offset region.
Observation 5: ETSI OOB emission limit is also more stringent in the frequency region that are far from the center freqeucny (e.g., spurious emission region), and also deviate from NS_02N emission limit. 
Proposal 3: RAN4 should discuss how to resolve the more stricked emission limit from ETSI in the large frequency offset region. 
0. Measured emission performance of actual devices for cat-M1 and NB-IoT
To verify our analysis above, measured results for a cat-M1 and NB-IoT devices are in Fig. 3 and 4, respectively. All plots are scaled to dBm/30kHz in this case, and the correponding allowed MPR for each test case has been applied. For NB-IoT, both singel tone and 12 tone cases are measured. As expected and approved by measurements of the typical CatM1 and NB-IoT devices at Tx frequency close to the b255 UL band - all discrepancies between the ETSI and 3GPP masks may be tolerated at the expense of the actual SEM margins except for ETSI OOB requirement for NB-IoT at 100kHz to ~200kHz offset from channel center. Moreover, the NB-IoT 1-Tone with max Pout (MPR0) has been identified a worst case, which needs guard band, larger than 100kHz, to meet the ETSI OOB emission requirement with no margins.
Observation 6: Approved by measurements of the typical CatM1 and NB-IoT devices at Tx frequency close to the b255 UL band - all discrepancies between the ETSI and 3GPP masks may be tolerated at the expense of the actual SEM margins except for ETSI OOB requirement for NB-IoT at 100kHz to ~200kHz offset from channel center.
Observation 7: NB-IoT 1-Tone with max Pout (MPR0) is a worst case, which needs a guard band that must be larger than 100kHz to meet the ETIS OOB emission requirement.
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(a)                                                                                                       (b)
Fig. 3. The comparison of measured emission mask for an actual cat-M1 device vs. 3GPP SEM and ETSI (a) IB and (b) OOB emission limit.    
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(a)                                                                                                       (b)
Fig. 4. The comparison of measured emission mask for an actual NB-IoT device vs. 3GPP SEM and ETSI (a) IB and (b) OOB emission limit.
0. LS to ETSI
From ETSI perspective, a note exists for OOB emission limit in EN 301 681 (note 5 in Table 3) states that "further study for such a stringent limit is needed due to the consideration of spectrum efficiency and utilization," as shown below. Considering the necessary guard band for 3GPP NB-IoT devices to meet the ETSI OOB emission limit, we think this may motivate ETSI to consider further aligning the requirement with 3GPP.
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Proposal 4:  3GPP can send LS to ETSI to check if they would consider further aligning the emission limit with 3GPP SEM to improve the spectrum efficiency and utilization.
1. Receiver Blocking Characteristics in ETSI
In addition to the emission requirement, the received blocking requirement has also been specified in ETSI EN 301 681 and deviates from the 3GPP blocking requirement. Moreover, it is difficult to compare the ETSI blocking spec with 3GPP blocking requirements as the metric are different, where ETSI adopt the SNR degradation but 3GPP adopt the TP degradation. 
As for now, the most relevant test in 36.102 to the ETSI receiver blocking requirement might be IBB requirement. Therefore, it is possible to capture the ETSI requirement as case 3 in the IBB requirement in 36.102. As for the test metrics, the 95% TP metric in the 3GPP IBB might be translated to 9dB SNR degradation, which may be allowed until the TP is affected.  This 9dB SNR margin in the 3GPP test consists of 6dB "excess" of wanted signal above the REFSENS according to 3GPP IBB test conditions + about 3dB of actual sensitivity margin that the UEs usually have relative to the min REFSENS spec.
Observation 8: the 95% TP metric in the 3GPP IBB might be translated to 9dB SNR degradation. 
For the interfering signal, a CW signal with -40 dBm level that is 5 MHz offset from the wanted carrier is adopted in the latest published version of ETSI requirement in EN 301 681(v2.1.2). However, for the latest draft version (v2.1.5), the interfering signal has been changed to a 5MHz LTE signal. 3GPP shall decide whether and which blocking requirement from ETSI specification shall be captured and further analyze the performance gap in between.
Observation 9: Different blocking requirements are adopted in the latest draft version of EN 301 681 compared to the latest published version. 
Proposal 5: 3GPP shall decide whether and which blocking requirement from ETSI specification shall be captured and further analyze the performance gap in between.
1. Conclusion
In this contribution, we make the following observations and conclusions: 
Observation 1: There is a discrepancy between 3GPP and ETSI SEM requirements, and ETSI SEMs are tighter than 3GPP SEMs at some frequency offsets.
Observation2: The discrepancies in CatM1 masks are caused by different SEM specification methods used by 3GPP and ETSI (stepwise SEM in 3GPP vs. linearly dBW-interpolated SEM in ETSI) – these discrepancies may not be critical since the real SEM performance is closer to ETSI method. 
Observation 3: The discrepancies in NB-IoT masks are mostly concerning if NB-IoT is located at the edge of the operating frequency band b255.
Observation 4: Similarly to the approach for FCC SEM, a guard band can be introduced help 3GPP NB-IoT devices meet ETSI OOB emission limits for b255. 
Observation 5: ETSI OOB emission limit is also more stringent in the frequency region that are far from the center freqeucny (e.g., spurious emission region), and also deviate from NS_02N emission limit. 
Observation 6: Approved by measurements of the typical CatM1 and NB-IoT devices at Tx frequency close to the b255 UL band - all discrepancies between the ETSI and 3GPP masks may be tolerated at the expense of the actual SEM margins except for ETSI OOB requirement for NB-IoT at 100kHz to ~200kHz offset from channel center.
Observation 7: NB-IoT 1-Tone with max Pout (MPR0) is a worst case, which needs a guard band that must be larger than 100kHz to meet the ETIS OOB emission requirement.
Observation 8: the 95% TP metric in the 3GPP IBB might be translated to 9dB SNR degradation. 
Observation 9: Different blocking requirements are adopted in the latest draft version of EN 301 681 compared to the latest published version. 
Proposal 1: 3GPP shall specify a sufficient guard band or A-MPR to help NB-IoT devices to meet the ETSI OOB emission limit when the carrier is on the edge of the operating frequency band. 
Proposal 2: 3GPP shall specify a 200 kHz guardband at the edges of band 255 to ensure the 3GPP NB-IoT devices can always meet the ETSI OOB emission mask when the devices are operating in corresponding EU regions. 

Proposal 3: RAN4 should discuss how to resolve the more stricked emission limit from ETSI in the large frequency offset region. 
Proposal 4:  3GPP can send LS to ETSI to check if they would consider further aligning the emission limit with 3GPP SEM to improve the spectrum efficiency and utilization.
Proposal 5: 3GPP shall decide whether and which blocking requirement from ETSI specification shall be captured and further analyze the performance gap in between.
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INOTE 5: The power specified in the band 1 624,5 MHz to 1 626,5 MHz require further study. This study is
important to determine whether less stringent limits may enhance spectrum efficiency and utilization

immediately above 1 626,5 MHz.





