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Introduction
2nd harmonic issue is also called self-interference where the 2nd harmonic of low frequency e.g.1.8GHz will falls within high frequency e.g. 3.5GHz when both frequency carriers are configured for the same UE. And typically it occurs when UE is configured with LTE-NR DC. In this case UE can’t receive signal on 3.5GHz in downlink when UE is transmitting on 1.8GHz. RAN1 made following agreement and send this agreement to RAN3 in LS [1]:
Agreement:

· Following Backhaul signalling is specified (enhanced X2 and Xn) to facilitate time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL, send LS to RAN3 to ask them to specify the signalling details:
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· These patterns can be at least UE-specific. 

From RAN1 perspective, an example semi-static time pattern granularity can be subframe for LTE and slot for NR, respectively, and an example semi-static frequency domain pattern granularity can be PRB for both LTE and NR
In this paper we try to figure out the impact to RAN3 by these RAN1 agreements.
Discussion
TDM pattern for PUSCH channel, PUCCH channel and SRS
RAN1’s agreement says: “an example semi-static time pattern granularity can be subframe for LTE and slot for NR”. The radio resource granularity in time domain is 1ms for legacy LTE UE. One slot of NR when SCS=15KHz is also 1ms. For case where SCS>15KHz, one slot is less than or equal to 0.5ms. So in time domain the resource granularity should be maximum{1ms, one slot of NR}=1ms.
Proposal 1: the pattern granularity in time domain is 1ms
So far the main concern frequency in LTE side is FDD frequency. Similar to ABS pattern, a 40bits bitmap could be defined for LTE FDD carrier to define which HARQ processes in uplink are reserved for LTE uplink transmission. If one subframe is reserved for LTE uplink transmission then it automatically means corresponding downlink NR slots can’t be scheduled for downlink transmission for this specific UE. 
Proposal2: a 40bits bitmap could be defined as TDM pattern template. 
Proposal2a: if one uplink subframe is reserved for LTE uplink transmission, corresponding downlink NR slots can’t be scheduled for downlink for the same UE
In order to illustrate the pattern in easy way, all the example in this paper assume the 40bits bitmap consists of 4 repeating 10bits bitmaps and the UL/DL ratio in NR is 4:1. Here is one example
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Figure 1 TDM pattern reserved for LTE carrier (yellow) 
If all the UE follow same TDM pattern the consequence is that the subframes in LTE which is not reserved for LTE can’t be scheduled for new UE supporting LTE-NR DC. Of course those blank subframes can still be scheduled for legacy UE. In NR side the slots blocked by the LTE’s uplink transmission can’t be scheduled for all UEs since there is no legacy UE at all. In order to avoid such waste of radio resource UE specific pattern instead of cell specific pattern should be defined.
Proposal3: the TDM pattern should be a UE specific pattern instead of cell specific pattern.
Here is one example for UE specific pattern:
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Figure 2 UE specific TDM pattern 
In Figure2 two UEs have complementary TDM pattern. In NR side all the slots can be scheduled for either UE1 or UE2. In LTE side all the subframes can be scheduled for either UE1 or UE2. Of course legacy UE can be still scheduled in any subframe i.e. legacy UE is not impacted.
Observation: legacy UE which working on LTE system only is not impacted by 2nd harmonic issue
The LS invites FDM solution. Unlike TDM solution, different uplink channel including PUSCH, PUCCH, SRS will have different solution pattern. Please find detail below:
FDM pattern for PUSCH channel
The 2nd harmonic one PRB is located in f1+delta_f is 2f1+2*delta_f. And there should be some guard band between the 2nd harmonic and other clean PRBs which is not impacted by 2nd harmonic. The Figure 4 illustrates the case as below:
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Figure 4
In Figure4 x PRBs reserved for LTE system will result in 2nd harmonic with bandwidth of 2x PRBs. Assuming y PRBs are the guard band in one side of 2nd harmonic then they are 2y PRBs guard band totally. Due to the existence of guard band, it can be found that even non-consecutive PRBs are reserved in LTE system, still consecutive PRBs will be impacted in NR system. One way to reduce the impacted PRBs in NR system is to reserve consecutive PRBs in LTE system. Here is another example:
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Figure 5
Assuming 4x PRBs are reserved for LTE system in Figure5, then 8x PRBs+2z PRBs are impacted by the reserved PRBs. The detail of the value y and z will be discussed in RAN4. Due to the fact that guard band occurs only at both sides of the 2nd harmonic, the example in Figure 5 have higher spectrum usage compared to example in Figure4. The consecutive PRBs could be expressed by two parameters i.e. starting PRBs and number of consecutive PRBs. How to deal with corresponding 2nd harmonic and guard bands are up to gNB’s implementation. But their performance will be discussed also in RAN4.
FDM pattern for PUCCH channel
PUCCH channel is belt-shaped resource located in both side of uplink bandwidth. So as long as the information about the PRBs containing PUCCH is signalled to gNB, gNB can manage to avoid scheduling resource in the 2nd harmonic area and related guard band.
Solution for SRS in case FDM solution is taken for PUCCH and PUSCH
In case of TDM solution nothing more is needed for SRS because SRS will only be transmitted within subframe reserved for LTE system for one specific UE. 
For FDM solution reserved bandwidth may not cover SRS because it is a wide bandwidth signal and normally cover whole uplink bandwidth of low frequency carrier. For SRS configuration, the periodicity of periodic SRS is 1,2,5,10 ms. And within one subframe sounding reference only occupy 1 symbols. Because sounding reference is important for uplink transmission in LTE system it should be reserved in LTE system. The configuration of the SRS should be sent to NR system so that gNB can decide how avoid collision in frequency domain or simply skip corresponding symbol in time domain.
The downlink common channel in NR system:
When UE is RRC_CONNECTED state, UE still need acquire some common channel. For EN-DC case UE need acquire at least PSS/SSS/PBCH, COREST. Those common channels are sporadic in time domain. In frequency domain at least 5MHz is needed to contain PSS/SSS/PBCH. If some resource is reserved in LTE either in time domain or frequency domain per UE, the scheduling information and/or frequency spectrum need be transferred into some complicated pattern. In addition the transferred information is exactly the same for all UEs due to the fact they are common channel. A better choice is that NR system transfer the scheduling information in both time domain and frequency domain to LTE system so that scheduler in eNB can decide when to skip scheduling UEs when those common channels are transmitted by gNB or to schedule UE in a “clean” spectrum which 2nd harmonic and guard bands will not impact the transmission of those common channels.
Proposal4: NR system should send the scheduling information in time and frequency domain of common channels i.e. PSS/SSS/PBCH and COREST to LTE system
The uplink common channel in LTE system:
The RACH procedure is normally triggered by DL/UL data arrival when UE is in RRC_CONECTED state and out of uplink synchronization. When eNB is master node it seems not so likely that eNB is out of synchronization while SgNB is still working. But when eNB is SeNB this situation will likely happen. It depends on PRACH resource configuration. Some of the NR DL/UL subframes could be reserved for PRACH preamble transmission to avoid collision with NR carrier. But it seems overkill because UE will not transmit preamble until RACH is triggered which is an occasional event. So one solution for UE is to do nothing i.e. UE would suffer potential DL transmission on NR carrier when preamble is transmitted in LTE side. Since preamble transmission occurs occasionally it doesn’t really hurt.
Proposal5: Nothing need be done for PRACH transmission on LTE carrier for both TDM and FDM solution.
The band combination suffering from 2nd harmonic issue will most likely also suffers from inter-modulation issue. RAN1 has already agreed that TDM solution should be adopted to address inter-modulation issue. If TDM solution adopted then only minor change of TDM pattern itself is sufficient to address both harmonic and inter-modulation. If FDM solution for harmonic is adopted then PUSCH resource in both LTE side and NR side will become quite fragment and result in quite high complexity for network’s scheduler. FDM also demand different treatment for PUCCH and SRS from PUSCH which result in more complicated signalling over X2/Xn interface. In addition FDM solution invites more work in RAN4. To identify guard band within carrier due to 2nd harmonic is something brand new for RAN4. Considering tight work plan of 5G in RAN4 it is something companies should take it into account.
Proposal 6: Adopt only TDM solution to solve 2nd harmonic issue
Conclusion and proposals
Proposal 1: the pattern granularity in time domain is 1ms
Proposal2: a 40bits bitmap could be defined as TDM pattern template. 
Proposal2a: if one uplink subframe is reserved for LTE uplink transmission, corresponding downlink NR slots can’t be scheduled for downlink for the same UE
Proposal3: the TDM pattern should be a UE specific pattern instead of cell specific pattern.
Proposal4: NR system should send the scheduling information in time and frequency domain of common channels i.e. PSS/SSS/PBCH and COREST to LTE system
Proposal5: Nothing need be done for PRACH transmission on LTE carrier for both TDM and FDM solution.
Proposal 6: Adopt only TDM solution to solve 2nd harmonic issue
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