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1	Introduction 

The NR UL DC location reporting mechanism designed for single CC operation has been found insufficient to accommodate intra-band UL CA operation with single PA implementation where DC location is expected to be different from those for each constituting CC [1,2]. To mitigate this issue, RAN4 has agreed to introduce additional DC reporting for intra-band UL CA with the approval of an LS to RAN2 for new signalling design in last RAN4 meeting [3]. In RAN #89-e meeting, it was further agreed that a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16 by:
· RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2)
· Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible).
Since UL DC location is highly dependent on UE RF implementation, in this contribution, we share our views on how DC location may change in different resource configurations and suggest using dynamic signalling as opposed to reporting all possible UL BWP permutation DC locations upon each BWP reconfiguration to avoid signalling overhead and forward incompatibility.                 
2	Discussion

The concept of BWP in NR has opened up the possibility for UE to reconfigure its DL or UL RF bandwidth for potential power saving. This would also mean the UE DC location may vary with different BWP configurations. While Rel-15 UL DC location reporting design has already taken into account this DC variability to allow up to 4 DC locations associated with all possible BWP configurations in a single CC, this mechanism was also found insufficient to accommodate intra-band UL CA operation with single PA implementation where DC location is expected to be different from those for each constituting CC. To mitigate this issue, there has been proposal to exhaust all possible BWP permutations for DC reporting. This approach may look feasible for 2 UL CCs as the total permutation number with 4 x 4 = 16 is considered manageable. However, the signalling overhead would grow exponentially with the CC number and become very inefficient when CC number is more than 2 as to be explained below.

In our view, when UL CA is composed by more than two CCs and all CCs are activated, in most cases, the aggregated BWP bandwidth would not vary by much, especially for CA with large CC number aggregated, as illustrated in Figure 2-1. In that respect, UE may not gain much power saving by moving the DC location slightly and reconfigure the RF bandwidth. That would also mean UE may choose not to move the DC location among many permutations. However, to accommodate all possible UE implementations, it would not be practical to sort out or assume any grouping of BWP configurations where the DC location is expected to be the same to potentially reduce the number of DC locations for reporting. As a result, exhausting all BWP permutations is still necessary for DC location reporting despite some UE may only report a fraction number of different DC locations among all permutations. And that would also mean such DC location reporting mechanism is rather inefficient.
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Figure 2-1 BWP configurations and associated DC locations for intra-band CA with 4 CCs

Observation 1: UL DC location reporting mechanism based on all BWP permutations is rather inefficient for large number of aggregated carriers. 

Another aspect on UL DC location determination which has not really been considered is its dependency on DL BWP configurations. For TDD bands, certain UE implementation may share the same frequency synthesizer between Tx and Rx paths. The frequency synthesizer however may not be fast enough to change its frequency during the UL to DL or DL to UL switching. Therefore, the DC location may be chosen by UE based on either DL BWP configuration or UL BWP configuration whichever provides better performance or power saving benefit, as is illustrated in Figure 2-2.

Observation 2: For TDD bands, UL DC location may depend on either DL or UL BWP configuration for certain UE implementation.         

Therefore, by taking into account UL DC location dependency on DL BWP configurations, the permutation number would further square up, that is, for 2 CC case, the number would increase from 16 to 256. As a result, the UL DC location reporting mechanism based on all UL/DL BWP permutations could be rather inefficient even with only 2 activated carriers.
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Figure 2-2 TDD band UL DC location based on (a) DL BWP configuration; (b) UL BWP configuration

Observation 3: UL DC location reporting mechanism based on all UL/DL BWP permutations could be rather inefficient even with only 2 activated carriers.          

On the other hand, UL DC location reporting based on dynamic signalling does not need to consider all possible BWP permutations in advance. The signalling is triggered only when UE sees a need for DC location change upon each BWP switching which means better signalling efficiency. The mechanism is rather flexible and independent of number of aggregated carriers which also implies better forward compatibility.

Observation 4: UL DC location reporting based on dynamic signalling is more efficient, flexible and independent of number of aggregated carriers which also implies better forward compatibility. 

3	Conclusion

In this contribution, we share our views on how DC location may change in different resource configurations and suggest using dynamic signalling as opposed to reporting all possible UL BWP permutation DC locations upon each BWP reconfiguration to avoid signalling overhead and forward incompatibility.

Observation 1: UL DC location reporting mechanism based on all BWP permutations is rather inefficient for large number of aggregated carriers.

Observation 2: For TDD bands, UL DC location may depend on either DL or UL BWP configuration for certain UE implementation.

Observation 3: UL DC location reporting mechanism based on all UL/DL BWP permutations could be rather inefficient even with only 2 activated carriers.

Observation 4: UL DC location reporting based on dynamic signalling is more efficient, flexible and independent of number of aggregated carriers which also implies better forward compatibility.
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