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1	Introduction 

For the continued efforts on improving the efficiency to specify band combinations and enhancing the quality of technical specifications, 3GPP has initiated a Rel-18 SI to study on the simplification of band combination specifications for NR and LTE [1], where one of the objectives is to investigate the feasibility and optimize the specification structure and reduce the test burden. Among all the band combination related RF core requirements, we have realized that there can be an opportunity to remove entirely the 2UL inter-band CA UE coexistence requirements as the tightest spurious emission requirement at -50 dBm/MHz is ascertained to be met based on that the worst-case MSD caused by 2UL intermodulation would not exceed 30 dB. As the 2UL inter-band CA coexistence table not only occupies a substantial portion of the technical specifications but is also prone to errors if not checked carefully, removing 2UL UE coexistence requirements not only simplifies the contents of the technical specifications, but also benefits UE on saving loads of testing time. In addition, the time and efforts on manually checking the errors can also be saved. In this contribution, we share our view on why the 2UL inter-band CA UE coexistence table can potentially be removed and propose two options on the handling of FR1 2UL inter-band CA UE coexistence requirements for consideration which in principle should also be applicable for inter-band EN-DC within FR1 range.          
        
2 Discussion

The FR1 uplink inter-band CA (two bands) spurious emission for UE coexistence requirements in Table 6.5A.3.2.3-1 in TS 38.101-1 [2] has been derived based on the requirements for single carrier operation from each constituent UL band as specified in Table 6.5.3.2-1 in TS 38.101-1. The protected bands and frequency ranges for a band combination however are not necessary to cover all the protected bands and frequency ranges from each constituent band due to the reason that one frequency band may be deployed in many different regions and countries, while the other frequency band may not be deployed in all the same regions and countries. Therefore, the protected bands and frequency ranges for a band combination in principle should be specified based on the intersection set from each constituent band coexistence requirements. For example, if Band A needs to protect bands A, B, C, D, E, F, G and Band B needs to protect A, B, E, F, G, H, I, then CA_A-B only needs to protect bands A, B, E, F, G.

Observation 1: The protected bands and frequency ranges for a band combination in principle should be specified based on the intersection set from each constituent band coexistence requirements.        

Despite the principle on specifying the UE coexistence requirements for a band combination is rather simple and clear, explicitly penning down the requirements in technical specifications is still prone to errors if not checked carefully which has been evidenced by the numerous CRs in past RAN4 meetings on correcting the errors in inter-band UL CA and EN-DC combinations UE coexistence requirements, as exemplified in [3,4]. In our view, if the principle for specifying the UE coexistence requirements for a band combination as stated in Observation 1 can be agreed upon, formulating the requirements in a coexistence table in the technical specifications would not be necessary. Instead, the requirements can simply be specified with a normative text as “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” 

Observation 2: If the principle for specifying the UE coexistence requirements for a band combination as stated in Observation 1 can be agreed upon, formulating the requirements in a coexistence table in the technical specifications would not be necessary.    

Observation 3: The requirements for inter-band CA UE coexistence requirements can be specified with a normative text as “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” without an explicit coexistence table. 

The benefits for not having an explicit coexistence table for band combinations can be perceptibly realized to not only simplify the contents of the technical specifications (16 pages reduction in TS 38.101-1), but also to save time and efforts on manually checking the errors and the associated CR processes.

Observation 4: The benefits for not having an explicit coexistence table for band combinations can be perceptibly realized to not only simplify the contents of the technical specifications, but also to save time and efforts on manually checking the errors and the associated CR processes.   

On the other hand, based on how the inter-band CA UE coexistence requirements are being specified which are limited to UL CA (two bands) only as title captioned in Table 6.5A.3.2.3-1, and the corresponding note in clause 6.5A.3.2.3 as recaptured below:

NOTE: 
For inter-band carrier aggregation with uplink assigned to two NR bands the requirements in Table 6.5A.3.2.3-1 could be verified by measuring spurious emissions at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in Table 6.5A.3.2.3-1 would be considered to be verified by the measurements verifying the one uplink inter-band CA UE to UE co-existence requirements. 

It seems to indicate that the concerned requirements are mainly on the 2UL IMD2 and IMD3 falling into the protected bands and frequency ranges.

In RAN4, the REFSENS impact (or MSD) from 2UL IMD2 and IMD3 have been rigorously evaluated for either the self downlink bands or the third downlink band in a 2- or 3-band inter-band UL CA combinations. By observing that the MSD caused by IMD2 and IMD3 has never exceeded 30 dB, it can be derived that the IMD2 and IMD3 power level under worst-case UL configuration (1 RB in each of the UL bands) at the antenna port would not be higher than -56 dBm/MHz which is still below the tightest spurious emission for UE coexistence requirement at -50 dBm/MHz. Therefore, by fulfilling the 2UL MSD requirements, the UE coexistence requirements are indirectly verified.           

Observation 5: IMD2 and IMD3 power level under worst-case UL configuration at the antenna port would not be higher than -56 dBm/MHz which is below the tightest spurious emission for UE coexistence requirement at -50 dBm/MHz.

Observation 6: By fulfilling the 2UL MSD requirements, the UE coexistence requirements for UL inter-band CA are indirectly verified.    

Nevertheless, the note in clause 6.5A.3.2.3 seems to indicate that the UL inter-band CA UE coexistence requirements are also used to verify single UL CA operation. In our view, the single UL CA spurious emission for UE coexistence requirements can already be covered by single carrier verifications. If the intention was to verify any unexpected spurs arising from the additional local oscillators (LOs) for DL CA mixing with UL transmission, our understanding is that the power for those mixing products should not be higher than 2UL IMD as 2UL IMD is generated by both wanted signals whose power should be higher than any unexpected Rx spurious emission level.

Observation 7: The power for any unexpected spurs arising from the additional local oscillators (LOs) for DL CA mixing with UL transmission should not be higher than 2UL IMD as 2UL IMD for MSD is generated by both wanted signals at PCMAX whose power should be higher than any unexpected Rx spurious emission level.

Based on the above assessments, we think it is plausible to remove the 2UL inter-band CA coexistence requirements entirely as the requirements can essentially be covered by 2UL MSD requirements. And the same conception applies to inter-band EN-DC coexistence requirements as well. By entirely removing 2UL inter-band CA coexistence requirements not only provides the benefits as stated in Observation 4, but also helps save significant UE testing time.              

With the intent of achieving the SI objective on optimizing the specification structure and reducing the test burden, we would like to make the following proposal on the handling of FR1 2UL inter-band CA coexistence requirements. 

Proposal: RAN4 to consider the following two options on the handling of FR1 2UL inter-band CA coexistence requirements.
Option 1: Remove the FR1 2UL inter-band CA coexistence requirements entirely.
Option 2: The requirements for inter-band CA UE coexistence requirements is specified with a normative text as “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” without an explicit coexistence table.           
  
3	Conclusion

In this contribution, we share our view on why the 2UL inter-band CA coexistence table can potentially be removed and propose two options on the handling of FR1 2UL inter-band CA coexistence requirements for consideration which in principle should also be applicable for inter-band EN-DC within FR1 range.

Observation 1: The protected bands and frequency ranges for a band combination in principle should be specified based on the intersection set from each constituent band coexistence requirements.

Observation 2: If the principle for specifying the UE coexistence requirements for a band combination as stated in Observation 1 can be agreed upon, formulating the requirements in a coexistence table in the technical specifications would not be necessary.

Observation 3: The requirements for inter-band CA UE coexistence requirements can be specified with a normative text as “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” without an explicit coexistence table.

Observation 4: The benefits for not having an explicit coexistence table for band combinations can be perceptibly realized to not only simplify the contents of the technical specifications, but also to save time and efforts on manually checking the errors and the associated CR processes.

Observation 5: IMD2 and IMD3 power level under worst-case UL configuration at the antenna port would not be higher than -56 dBm/MHz which is below the tightest spurious emission for UE coexistence requirement at -50 dBm/MHz.

Observation 6: By fulfilling the 2UL MSD requirements, the UE coexistence requirements for UL inter-band CA are indirectly verified.

Observation 7: The power for any unexpected spurs arising from the additional local oscillators (LOs) for DL CA mixing with UL transmission should not be higher than 2UL IMD as 2UL IMD for MSD is generated by both wanted signals at PCMAX whose power should be higher than any unexpected Rx spurious emission level.

Proposal: RAN4 to consider the following two options on the handling of FR1 2UL inter-band CA coexistence requirements.
Option 1: Remove the FR1 2UL inter-band CA coexistence requirements entirely.
Option 2: The requirements for inter-band CA UE coexistence requirements is specified with a normative text as “For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements are the intersection set from each constituent band coexistence requirements as specified in Table 6.5.3.2-1.” without an explicit coexistence table.
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