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1   Introduction
The LTE-NR coexistence is the hot topic in NR WI phase. In the last RAN1 adhoc meeting, the agreements on the necessary backhaul signalling between LTE and NR for harmonic interference handling are as follows [1]:

RAN1 had send a LS to RAN3 for specifying the above necessary backhaul signalling. This paper gives a briefly analysis on the signaling design for harmonic interference handling from RAN3 aspect. 
2   Discussion

In order to specify the backhaul signalling procedure, the following issues or principles shall be considered:
· The scenarios for harmonic interference handling
· The content of backhaul signalling message
· Who initiates the coordination procedure?

· UE associated signalling or non UE associated signalling?
· Class 1 or Class 2 EP?
· Others information need to be exchanged
2.1   The Background and Scenarios for harmonic interference
The harmonic interference from UL to DL issue, as one of the key issues in LTE-NR coexistence, is of concern cross-link interference between LTE UL to NR DL when a UE is configured with LTE and NR carriers. For instance, a UE is operating on NR carrier on n78 (3.4-3.6 GHz) while the UE is also configured on B3 (1.8 GHz) either for NR SUL or for LTE UL in the case of NSA scenario. When the UE transmits UL on B3, there is a second order harmonic interference on B42 NR DL reception. 
In order to handling self-interference issues, there are two mainly thoughts in RAN1 and RAN4 discussion:

· Standardization Solution

Since the half duplex UE operation has been supported in NR Rel-15 phase, RAN1 has provided a semi-static solution based on UL/DL time and/or frequency domain resource coordination. Considering different interference from LTE UL to NR downlink, the following cases need to be studied:
· CASE A:time domain coordination
As the Figure 1 depicted, the base station can not use frequency domain scheduling to avoid the interference from UL to DL.
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Figure 1 time domain coordination with UL/DL
· CASE B: time and frequency domain coordination
As the Figure 2 depicted, the base station can use time and/or frequency domain scheduling to avoid the interference from UL to DL.
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Figure 2 time and frequency domain coordination with UL/DL
· Implementation Solution

Another solution is to adopt some private implementation solutions from UE side, which are:

· Select UE RF architecture with lower self-interference impact

· Use PA with better performance

· Introduce filters to mitigate, e.g., 2nd order harmonic

The advantage of the implementation solution is that all the NR downlink RBs can be scheduled. Moreover, the implementation solution also means the standardization solution not applied to all the UE. As per RAN#77 agreements, the UE shall indicate the network about its Tx capability in a given band combination.

However, the UE capability on interference information from uplink to downlink is still unclear. From RAN3 side, the network should acquire the UE capability on interference information from uplink to downlink for coordinated scheduling. In the rest of this contribution, we assume the network has already acquired the interference information from UE.
From the perspective of network deployment, three concerned scenarios shall be considered for harmonic interference handling:
· Scenario 1: NR standalone deployment with LTE SUL carrier 
· Scenario 2: Non-standalone with SUL carrier
· Scenario 3: Non-standalone without SUL carrier

As the Figure 3 depicted, we only consider two base stations with non-collocated deployment for the above scenarios. And the intention of non-collocated deployment is to support the multi-vendor scenarios for LTE eNB and NR gNB. Moreover, we only need to design a semi-static coordination mechanism between LTE and NR from RAN3 aspect. In order to guarantee the half-duplex operation at the UE, the directly interface exists between LTE and NR as the assumption is to achieve the resource coordination. The dynamic coordination with LTE-NR collocated deployment is left to vendor’s private implementation.
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Figure 3 the non-collocated deployment 
Proposal 1: Only non-collocated deployment with directly interface between the involved nodes need to be considered from RAN3 aspect. 
Proposal 2: Three concerned scenarios shall be considered for harmonic interference handling, which are:

· NR standalone deployment with LTE SUL carrier

· NR Non-standalone with SUL carrier
· NR Non-standalone without SUL carrier
2.2   Scenario 1: NR standalone with SUL carrier
It is obviously that the NR gNB shall initiate the coordination procedure. According to the latest RAN1 agreements, the SUL carrier can be used to carry UCI and PUSCH for NR UE. 

The Figure 4 gives FDM based architecture of SUL carrier. In this architecture, NR PUCCH and PUSCH are carried over one uplink subframe. To obtain the fixed HARQ timing and reduce the design complexity, the pattern of NR PUCCH shall be shared with all NR UE. And the pattern of NR uplink control channel should be coordinated between LTE eNB and NR gNB before the SUL carrier is active for NR gNB. From this viewpoint, the coordination procedure for the pattern of NR uplink control channel can use non UE-associated signalling. Moreover, for the resource coordination of shared channel the UE-level coordination is more suitable. In theory the advantage of UE level coordination is no resource waste for both LTE uplink and NR downlink, but more information (UL/DL time and frequency resources to be scheduled with UE ID) needs to be exchanged via interface. 
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Figure 4 FDM based architecture of SUL carrier
For the issue on whether the UE associated signalling or not, our views are as follows:

· The resource coordination for uplink control channel: Non-UE associated signalling (e.g. reuse eNB/gNB Configuration update) 
· The resource coordination for uplink shared channel: UE associated signaling (e.g, introduce a new X2/Xx message)

The essence of coordination procedure is to request the uplink radio resource from the target node. Regardless of control channel or shared channel resource coordination, one key issue is whether the LTE eNB can refuse the resource allocation request from NR gNB or not. In our practical network, some critical traffic such as VoLTE, video streaming are carried over LTE. If the LTE eNB is not permitted to refuse the request from NR gNB, it will result in the significantly deteriorates of the user’s experience. So from this point of view, LTE eNB can refuse or modify the resource allocation request from NR gNB.
Based on above analysis, the coordination procedure for both control channel and shared channel can use Class 1 EP. As the Figure 5 depicted, we gives a signalling procedure for the resource coordination of channel and shared channel as examples. 
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Figure 5 the resource allocation procedure in NR SA+SUL
Observation 1: For NR SA+SUL scenario, the NR gNB shall initiate the coordination procedure. And the coordination procedure for both control channel and shared channel can use Class 1 EP

Observation 2: For NR SA+SUL scenario, it needs to use a non-UE associated signalling allocate the radio resource of NR uplink control channel in LTE carrier.
Observation 3: For NR SA+SUL scenario, it needs to define a new UE associated signalling to coordinate the interference from LTE UL to NR DL.
2.3   Scenario 2: Non-standalone with SUL carrier

Compared to scenario 1, both MN and NN can initiate the signalling procedure, and there is no need to define a new UE associated signaling for the resource coordination of uplink shared channel. And SN can trigger the modification of UE-specific pattern based on the uplink and/or downlink load variation in SN side. Moreover, the existing Xx/Xn signalling procedure (e.g., SeNB/SgNB addition, SeNB/SgNB Modification) with minor enchantment can be used to achieve the UE-specific pattern coordination between MN and SN. 
Observation 4: For NSA+SUL scenario, both MN and SN can initiate the signalling procedure. 

Observation 5: For NSA+SUL scenario, it needs to use a non -UE associated signalling for resource allocation of NR uplink control channel
Observation 6: For NSA+SUL scenario, we can reuse the existing Xx/Xn signalling procedure to coordinate the interference from LTE UL to NR DL.
2.4   Scenario 3: Non-standalone without SUL carrier

Compared to scenario 1 and 2, both LTE and NR have the uplink control channel separately. Therefore there is no need to coordinate the resource of uplink control channel any more. We only need to define a UE-specific pattern, included in the existing Xx/Xn backhaul signalling, to coordinate the interference from LTE UL to NR DL.
Observation 7: For NSA without SUL scenario, both MN and SN can initiate the signalling procedure. 

Observation 8: For NSA+SUL scenario, it can reuse the existing Xx/Xn signalling procedure to coordinate the interference from LTE UL to NR DL.
2.5   Conclusion 
The signaling design of harmonic interference handling for three scenarios, described in the previous subclauses, are compared in Table 1
Table 1 the summary of the signaling design for harmonic interference handling
	
	NR standalone deployment with LTE SUL carrier
	NR Non-standalone with SUL carrier
	NR Non-standalone without SUL carrier

	UE-specific Pattern
	Yes
	Yes
	Yes

	Cell-specific Pattern
	Yes
	Yes
	No

	Resource Allocation Procedure for NR Control Channel
	Yes, reuse the existing non-UE associated signalling
	Yes, reuse the existing non-UE associated signalling
	No

	Interference Coordination Procedure
	Yes, a new procedure is needed
	Yes, reuse the existing UE associated signalling
	Yes, reuse the existing UE associated signalling

	The node initiates the signalling procedure
	NR gNB
	MN and SN
	MN and SN

	The type of Elementary procedures
	Class 1
	Class 1
	Class 1


3   Proposal
In this contribution, we gives a briefly analysis on the signaling design for harmonic interference handling from RAN3 aspect, and the corresponding proposals as below:
Proposal 1: Only LTE and NR non-collocated deployment with directly interface need to be considered from RAN3 aspect. 

Proposal 2: Three concerned scenarios shall be considered for harmonic interference handling, which are:

· NR standalone deployment with LTE SUL carrier

· NR Non-standalone with SUL carrier
· NR Non-standalone without SUL carrier
Proposal 3: For NR SA+SUL scenario, the NR gNB shall initiate the coordination procedure. But for NSA w/o SUL carrier, both MN and SN can initiate the signalling procedure
Proposal 4: For both NR SA+SUL and NSA+SUL scenarios, it needs to define a non-UE associated signalling to allocate the radio resource of NR uplink control channel in LTE carrier.
Proposal 5: For NR SA+SUL scenario, it needs to define a new UE associated signalling to coordinate the interference from LTE UL to NR DL.
Proposal 6: For NSA w/o SUL scenarios, it can reuse the existing Xx/Xn signalling procedure to coordinate the interference from LTE UL to NR DL.
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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.





Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):


UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.





Agreement:


Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:


The carriers are in different PUCCH groups, or


The UL carrier is operating in a SUL band combination as defined in RAN4 specifications


Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 


Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 


An UL carrier can carry UCI for the DL carrier that it supplements


An UL carrier is scheduled from the DL carrier that it supplements
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