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Introduction
In RAN1 89 , NR-LTE self-interference issue was raised [1] that the interference can be generated from the combination of LTE and NR UL signals and can degrade the LTE receive performance, which is also known as IM (intermodulation) issue for some specific UL CA band combinations.  Ever since then, lots of agreements and progress have been achieved so far.

In RAN1 AH-2 meeting, harmonic related self-interference was also recognized [2] and corresponding agreements were reached:
Agreements:
· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 
· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)
· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

In RAN1-90 meeting, agreements about further investigations regarding IM issue were agreed:
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.

In RAN1 AH-3 meeting, solutions to harmonic related self-interference were discussed and corresponding agreements were reached:
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.




There are issues identified in AH-3 meeting for further discussion:
Discuss further offline: 
· For the EN-DC case, the LTE DL reference HARQ timing can be signalled to the UE when time-domain based network scheduling solution is used; reuse the signalling for single UL Tx operation.
· FFS TDM pattern between an LTE UL carrier and NR DL carrier can be signaled to UE
· If UE is scheduled with simultaneous LTE UL Tx and NR DL Rx, and there is UE self-interference between them due to harmonic issues, down select among following options
· Option 1: UE behaviour is not specified, i.e. up to UE implementation
· Option 2: Specify that UE consider the above scheduling to be error case
· Option 3: Specify the UE behaviour, e.g. channel dropping rule between the Tx and Rx. 
· Specification impacts to non-EN-DC UEs
· No specification impacts for UE configured with LTE only
· FFS specification impacts for UE configured with NR-NR DC
· to be addressed after solutions for EN-DC is finalized.

This paper will focus on answering the above further discussed issues. 
Discussion on the open issues
There are intensive discussions in previous meeting about if the UE specific TDM pattern should be signaled to UE.  The benefits for such notification can be summarized as:
· Power saving effects
If UE knows the TDM pattern, UE may skip the unnecessary DL detection or even turn off the Rx for the SF (slot) which is supposed to be UL SF (slot) according to the indicated pattern. This is beneficial for the UE power saving. On the other hand, this can help UE to avoid handling error case when colliding scheduling happens.
· Better Tx power management
If UE knows the TDM pattern, UE may reserve more power for the UL SF (slot) as there is no need to prepare for the Rx power on the same SF (slot). This may give more power headroom for the UL transmission and thus is more efficient for the Tx power management.

There are also concerns on the previous meeting that indicated TDM pattern may restrict the NW scheduling which may harm the system flexibility and performance. This argument is true from scheduling perspective. But it should be noted that such restriction holds only when dynamic scheduling is feasible. However, as already agreed in previous meeting,  semi-static TDM pattern  exchange on X2/Xn is specified. As a common understanding, it is very hard to exchange dynamic scheduling information through X2/Xn interface, especially eNB and gNB are different vendors. Thus, in terms of RAN1 agreement and practical NW operation, semi-static TDM pattern is most feasible and practical. In case that NW has already decided the semi-static TDM pattern, it seems no obvious cost to signal that pattern to the UE.  

For the single NW vendor case, it is possible that NW can decide a TDM pattern but not relying on the X2/Xn interface. For such case, TDM pattern may not be semi-static, but rather dynamic. Considering this possibility, NW can use dynamic signaling, such as one bit inserted into UL/DL grant, to indicate UE the half-duplex SF(slot). Considering the most common case of harmonic interference is from LTE UL to NR DL, with at least n+4 LTE UL scheduling time, we believe such dynamic indication can still help UE to achieve most of  power saving and better Tx power management effects. 

With the above discussions, we have following observations and proposals:

Observation 1: If NW adopts TDM pattern to solve harmonic issue, it is beneficial for UE to know which SF(slot) is half-duplex
Proposal 1: If NW adopts TDM pattern to solve harmonic issue, NW shall indicate UE the TDM pattern by either semi-static or dynamic way
Regarding UE behaviors when UE is scheduled with simultaneous LTE UL Tx and NR DL Rx, and there is UE self-interference between them due to harmonic issues, such UE behaviors discussion will very much depend on if UE can assume it is not expected to receive the scheduling which will generate the harmonic issue. If proposal 1 is agreed, then at least for TDM pattern case, UE can assume the harmonic issue can be avoided. However, if proposal 1 is not agreed or FDM solution is used, then it is unclear if UE can hold such assumptions. 
Proposal 2: RAN1 should clarify if UE can assume it is not expected to receive the scheduling which will generate the harmonic issue

The answer to the Proposal 2 will decide the proper UE behavior when UE receives such colliding scheduling.  If UE can not assume NW will avoid the scheduling to generate harmonic issues, then UE has to handle it in the UE side. In such case, it is better to have a clear UE behavior, i.e, to specify the Tx/Rx dropping rule. 
Proposal 3: If UE can not assume it is not expected to receive the scheduling which will generate the harmonic issue, RAN1 should specify Tx/Rx dropping rule if UE receives the scheduling to generate the harmonic interference

But if UE can assume the NW can solve the harmonic issues and UE receives the scheduling to generate the harmonic interference, it is most reasonable for UE to take it as exceptional case or error case. 
Proposal 4: If UE can assume it is not expected to receive the scheduling which will generate the harmonic issue, when UE receives the scheduling to generate the harmonic interference, UE will take it as exceptional or error case 
[bookmark: _Ref378529477]Conclusions
In this contribution, we discuss the harmonic related self-interference issue. We have the following observation and proposals:
Observation 1: If NW adopts TDM pattern to solve harmonic issue, it is beneficial for UE to know which SF(slot) is half-duplex
Proposal 1: If NW adopts TDM pattern to solve harmonic issue, NW shall indicate UE the TDM pattern by either semi-static or dynamic way
Proposal 2: RAN1 should clarify if UE can assume it is not expected to receive the scheduling which will generate the harmonic issue
Proposal 3: If UE can not assume it is not expected to receive the scheduling which will generate the harmonic issue, RAN1 should specify Tx/Rx dropping rule if UE receives the scheduling to generate the harmonic interference
Proposal 4: If UE can assume it is not expected to receive the scheduling which will generate the harmonic issue, when UE receives the scheduling to generate the harmonic interference, UE will take it as exceptional or error case
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