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Introduction
In the approved Rel-15 NR WID [1], the objectiveness relating to NR-LTE coexistence is described as: 
-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
RAN4 further agrees to study the following band combinations, where the lower frequency band is FDD band and the higher frequency band is TDD band:
· 1710-1785MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 832-862MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 880-915MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 703-748MHz (UL)/3.3-4.2 GHz(DL&UL)
In the recent RAN1 and RAN4 meetings, it was discovered and discussed [3][4][5] that some of above band combinations could suffer UE self-interference issues, including inter-modulation, harmonics and harmonics mixing. The inter-modulation issue was agreed to be solved by the restriction of the simultaneous uplink transmissions over both low frequency band and high frequency band. For the harmonics issue, even though the issue is recognized not to happen if the UE is put under half-duplex mode, it remains in RAN1/RAN4's further study. This contribution shows our views on the harmonics related issues. 
Harmonics related UE self-interference
We start with 2nd-order harmonics which arises between the UL in 1.8GHz band and the DL in 3.5GHz band. Theoretically there could be multiple ways to either avoid the harmonics or reduce its performance impacts. Some examples are given below. 
· Method-1: To avoid the harmonics interference in frequency domain.
· Method-2: To avoid the harmonics interference in time domain.
· Method-3: To mitigate the harmonics interference by adjusting the strength/robustness of DL/UL signals.  
· Method-4: To leave the issue with RAN4's handling.  
Method-1 could further have different developments, for example as shown in Figure 1 below. 


(a) Method 1a: avoidance by operator's spectrum acquiring


(b) Method 1b: Avoidance by bandwidth partition for the same operator


(c) Method 1c: Avoidance by dynamic frequency-domain scheduling 
[bookmark: _Ref489848255]Figure 1 Frequency domain avoidance of 2nd-order harmonics
· In Method 1a, the way for operators to acquire the spectrums in 3.5GHz band is assumed to be cooperative enough to bypass the 2nd-order harmonics generated from 1.8GHz uplink, i.e., each operator would not get the spectrum in 3.5GHz band where the double of its low frequency spectrum in 1.8GHz band can fall into. Though theoretically possible at the first glance, this method is unlikely a solid solution due to its unproved feasibility in global markets, potential unfairness among operators, potential obstruction to the future evolved UE operations for multi-operators (such as under dual-SIM configuration). 
· In Method 1b, one operator partitions the spectrums into component carrier bandwidths and assigns the pair of low-frequency CC and high-frequency CC to a UE in such a way that there is no pair of CCs having the double-frequency relation. This method builds up a tight dependency between bandwidth partitions in low frequency band and high frequency band, and therefore is not recommended. 
· In Method 1c, the 2nd-order harmonics is avoided by the smart and joint dynamic scheduling within the pair of bandwidths in low-frequency CC and high-frequency CC. That is to say, the scheduler(s) never assign to a UE the UL RBs in low-frequency CC and DL RBs in high-frequency CC where the assigned RBs can have harmonics interference issue. This method has at least following problems: 
· The dependency between dynamic scheduling on low-frequency CC and high-frequency CC could be strong enough to significantly reduce the chance of multi-vendor deployment, with example reasons: 
· It could be difficult in practice to make the resource allocation behavior of one vendor’s scheduler to follow that of another vendor’s scheduler. 
· It could be difficult in practice to make one vendor’s scheduler to send scheduling information for certain UE to another vendor’s scheduler.    
· Even though the PUSCH on 1.8GHz band and PDSCH on 3.5GHz band can be fully controlled by the schedulers, other signals such as PUCCH, SRS, PRACH, PDCCH, CSI-RS and SS blocks may be allocated within the frequency domain resource ranges that are semi-statically configured or even predetermined. It could bring quite some additional design requirements in RAN1's specification phase to ensure the avoidance of x-multiple (x=2 for 2nd-order harmonics) frequency relation between uplink and downlink. Additionally, the potential frequency hopping feature on some specific channels can make the situation more complicated. One further question is whether the RAN1 specification should be design to support the harmonics handling capability for other order of harmonics as well. As a reference, the Table 1 entries extracted from Table 7.3.1A-5 in [6] indicates that the 2nd-order harmonics in B3+B42 and 4th-order harmonics in B8+B42 introduce 20~25dB loss and 8~12dB loss, respectively, in reference sensitivity, both of which seems not negligible even though the 2nd-order harmonics is more severe.  
· Method 1c would not work for the harmonics mixing issue, because the victim carrier in this case is LTE DL containing full bandwidth CRS, which UE in NR-LTE DC mode requires to measure.  
· To make Method 1c work, RAN4 may need to study and define the requirements of guardband in 3.5GHz DL between the "safe" RBs and "harmonics-damaged" RBs, in order to reach a common understanding between UE vendors and gNB vendors. The notes in Table 1 indicate that LTE takes 10MHz as the guardband.
Proposal-1: Do not rely on the frequency domain avoidance to solve the harmonics-related self-interference issue.  
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	NOTE 8:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42C, CA_1A-3A-19A-42C, CA_1A-3A-21A-42C, CA_1A-3A-42C, CA_3A-28A-42C, CA_3A-19A-42C, CA_3A-28A-41A-42C and CA_3A-28A-41C-42A.


NOTE 9:	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.




NOTE 10:	The requirements are only applicable to channel bandwidths with a carrier frequency at  MHz offset from  in the victim (higher band) with , where[image: ]andare the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 11:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.
…….
NOTE 15:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.


NOTE 16:	The requirements should be verified for UL EARFCN of a low band (superscript LB) such that in MHz and  with[image: ] the carrier frequency of a high band in MHz and [image: ] the channel bandwidth configured in the low band. 



[bookmark: _Ref490129967]Table 1 RAN4's LTE specification for 2nd/4th order harmonics on B3+B42 and B8+B42
Method-2 is considered to work in a similar way of half-duplex mode, i.e. there is no simultaneous UL transmission and DL reception in a UE if otherwise the harmonics or harmonics mixing would occur. Given the half-duplex operation should be anyway supported by NR specification, Method-2 should bring minor or none new impacts to RAN1 specification. 
In order to allow the UE having no simultaneous uplink transmission and downlink reception on different bands that are not served by the same vendor’s network, some information exchange over Xn interface may be needed to avoid the resource waste. RAN1 already agrees following for the inter-modulation issue handling: 
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used
· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 
Given this agreement already defines the Xn interface informing the eNB/gNB of which uplink subframes/slots can be used for uplink transmission by each corresponding eNB or gNB, the additional Xn message needed to support harmonics avoidance based on half-duplex is the information telling each eNB/gNB which downlink subframes/slots can be used.  
Method-3 does not target to fully avoid the harmonics interference but just to reduce the negative impacts of the interference. This is the implementation that the network can always do, such as the adjustments of DL/UL powers and/or DL MCS levels, but the effectiveness (when assumed to work alone without any standard specified solution) and performance impacts of the method (e.g., due to lower UL Tx power and higher DL interference) still remain unclear.  In contrast, the standard-oriented solution is more dependable.  
For Method-4, our view is that the RAN4's study and decision are important references for RAN1 on the matter of harmonics interference handling. RAN1 can agree on the half-duplex mode, as a deem-to-exist feature, to be used to solve the harmonics issue. The additional complexities caused by the enhancements beyond half-duplex operation may need to take into account the justifications including RAN4's inputs.     
Proposal-2: To pursue standard-oriented solution in RAN1 and/or RAN4 to solve the harmonics (mixing) interference issue.  
Proposal-3: If RAN1 solution is desired, consider half-duplex operation with supporting Xn/X2 interface signaling. 
Conclusion
This contribution concludes with following proposals: 
Proposal-1: Do not rely on the frequency domain avoidance to solve the harmonics-related self-interference issue.  
Proposal-2: To pursue standard-oriented solution in RAN1 and/or RAN4 to solve the harmonics (mixing) interference issue.  
Proposal-3: If RAN1 solution is desired, consider half-duplex operation with supporting Xn/X2 interface signaling. 
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