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Introduction
RAN1 reached following agreements for the harmonics related UE self interference: 
Agreements:
· RAN1 should investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers 
· The investigation should include performance, complexity, necessary potential specification impacts (e.g., network signaling, etc.), etc.
This contribution shows our further views for harmonics related interference.
Discussion on harmonics related interference
2.1 Harmonics interference from low frequency UL to high frequency DL
FDM solution based on bandwidth part
In order to avoid harmonics interference from frequency domain, it is inevitable to restrict either the UE’s transmission on low frequency UL or the UE’s reception on high frequency DL to a limited frequency domain range within the corresponding system bandwidth. This can be achieved in two ways:
· UE is not aware of any frequency domain restrictions within the full bandwidth except being notified by the dynamic scheduling;
· UE is informed of certain frequency range(s), which serve as the restrictions for UE's transmission and reception. This is supported in NR by bandwidth part (BWP), which can decouple UE’s Tx/Rx bandwidth from the system bandwidth.  This BWP-based method shares the similar principle with method 1b in [1].
As analyzed in [1], the drawbacks of the first way include the impacts to multi-vendor capability and specification complexity. In contrast, the FDM method based on BWP does not rely on the internal scheduling in eNB/gNB. As for the specification impacts, BWP is already an agreed NR feature. So far RAN1 reaches the following agreements for BWP:
 (
Agreement
s
 in 
RAN1 #89
:
UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
FFS: down selection of combinations
The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
)

  


 (
Agreements in RAN1 NR#2:
For FDD, s
eparate sets of bandwidth part 
(BWP) 
configurations for DL & UL per component carrier
The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
For TDD, s
eparate sets of 
BWP
 configurations for DL & UL per component carrier
The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the
 center frequency of channel BW between DL and UL
)




 (
Agreements in RAN1 NR#2:
At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active 
BWP
 at a given time
)




 (
Agreements in RAN1 NR#2: 
Activation/deactivation of DL and UL bandwidth parts can be
by means of dedicated RRC signaling 
Possibility to activate in the bandwidth part configuration
by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
Agreements in RAN1 #90
Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in 
(FFS: 
scheduling
)
 DCI
FFS: In addition, MAC CE based approach is supported
)




It can be seen that the BWP already supports to confine the PDSCH/PDCCH(USS) and PUSCH/PUCCH within the separately configurable frequency ranges on DL and UL, respectively. Therefore, for the UE in RRC_CONNECTION state, additional RAN1 specification work are listed as following to support:
· Insertions of at least one SS block and one NR-PDCCH common search space in UE's active DL BWP, whose location and size could be varying depending on location/size of UL CC (for LTE and NR) or UL active BWP (for NR only) in lower frequency band, and the order of harmonics to be avoided. 
· UE's measurement on SS block, CSI-RS and TRS only within the active DL BWP. 
· Configured resources within active UL BWP for PRACH and SRS.
· X2/Xn interface to exchange the activate/deactivate of DL and UL BWPs.   
The above list also shows the pending work to support NSA DC operation with the LTE as the master connection. On the other hand, if UE operates in a SA SUL scenario or DC scenario with NR as the master and the UE is in RRC_IDLE, due to the following RAN1 agreement, 

 (
Agreements in RAN1 #90
There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part
The default DL bandwidth part can be the initial active DL bandwidth part defined above 
)




it needs a further study on how to rely on the initial active DL/UL BWP pair to avoid harmonics interference, including whether the different UEs could have the same initial active DL BWP but different initial active UL BWPs (for NR) or different UL CCs (for LTE).  
Note that the above analysis is based on the assumption that the bandwidth of DL wideband CC on high frequency is much larger than that of UL CC on low frequency so that there are still plenty of residual DL frequency resources available for use after removing "harmonics polluted" RBs from the DL resource pool; otherwise, it is obvious that the FDM-based avoidance is worse than TDM-based.   
TDM solution based on half duplex
While BWP is the existing NR feature that can be used to handle harmonics interference from frequency domain, half duplex is the deem-to-exist NR feature that can handle harmonics interference from time domain [1]. Given NR would anyway support half duplex operation, there should be minimum, if not none, additional RAN1 specification complexity to apply this feature to avoid harmonics interference. In addition, half-duplex works regardless of RRC CONNECTION/IDLE status and DL/UL bandwidth comparison.    

2.2 Harmonics mixing interference from high frequency UL to low frequency DL
RAN4 reaches an agreement in [2] that:
· It is agreed that no MSD need to be defined for LTE NR band combinations due to even order harmonic mixing unless specific issues are found.
· Study MSD caused by odd order harmonic mixing case by case for LTE NR band combinations and make a conclusion on this.
Even though the MSD for the even-order harmonics mixing is agreed not to be defined, it is not ensured the even-order harmonics mixing would be trouble free. In addition, the 5th order harmonics mixing, which is still in the RAN4 study plan for odd order harmonics mixing, could occur to the band combinations of 
	LTE Band 20 (DL@791-821MHz) and NR@3.3-4.2GHz(DL&UL) 
	LTE Band 28 (DL@758-803MHz) and NR@3.3-4.2GHz(DL&UL) 
The FDM solution based on BWP and TDM solution based on half duplex are still applicable to harmonics mixing interference between low frequency DL and high frequency UL. 
Conclusion
This contribution concludes with following observation and proposal: 
Observation: FDM-based solution to avoid harmonics related interference, if needed, can be based on NR feature of bandwidth part (BWP). Comparing to half-duplex operation, it needs more specification work, and its effectiveness depends on the locations/sizes of DL/UL BWPs in the DL/UL system bandwidth as well as the order of harmonics that is to be avoided.  
Proposal: To rely on existing NR features (e.g., BWP, half-duplex) to handle harmonics related interference. 
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