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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction & Background
In RAN1 NR AH in June 2017, the following solutions are agreed to solve IM issues for LTE-NR co-existence [1].  
Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· 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 
· FFS: Signaling to UE of UL transmission timing pattern
· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier
· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:
· DL-reference UL/DL configuration for TDD
· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell
· Up to NW implementation (i.e., no RAN1 spec. impact)
· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 
· Other solutions are not precluded
For harmonics and harmonics mixing issues occurred in LTE-NR co-existence, another way forward is agreed [2].
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 this contribution, some further analysis on the solutions for IM, harmonics and harmonics mixing is given based on the above agreements. 
2. Discussions
2.1. Solutions for IM
The IM in LTE-NR DC scenario (take LTE FDD and NR TDD as an example) is illustrated in Figure 1 below, where the LTE UL (f2) and NR UL (f1) will impact LTE DL (f3). Four IM scenarios with different interfering and victim PRBs are given in Figure 2.


Figure 1. IM in LTE-NR DC scenario



Figure 2. Four IM scenarios with different interfering and victim PRBs
There is solution agreed in last meeting [1] which is time-switching of LTE UL carrier (F1) and NR UL carrier (F2). However, still some remaining issues should be discussed. 
· Issue 1: the related IM scenarios
In Scenario A in Figure 2, all the UL PRBs may cause IM and thus impact full DL RRBs or partial DL PRBs. Since CRS and PDCCH are sent from the whole DL bandwidth of LTE, CRS and PDCCH will be impacted by IM even if only partial DL bandwidth is interfered by IM. So time-switching of two UL to avoid IM to DL is reasonable in this case. However, in Scenario B, C and D where the IM issue is only caused by the dual UL transmission in partial UL frequencies, which means that UL transmission in some UL PRBs (shown in white color) will not cause any problem. In these cases, the time-switching solution of two UL is not very efficient. For example, as shown in scenario D in Figure 2, if only 20% of UL bands will cause IM, then all the UL bands will be time-switched, which sacrifices not only UL throughput, but also DL throughput in LTE due to lack of HARQ-ACK subframes. The system efficiency will be very low. In fact only the UL PRBs causing IM should be time-switched, and other UL PRBs can be scheduled to be used in more time. 
Therefore, to avoid IM interference, depending on the UL/DL band combinations, time-switching should be used only when the UL transmission is scheduled on the PRBs that cause IM interference to the DL. For UL PRBs that does not cause IM interference at all, dual UL transmission on these PRBs should be usable as much as possible. To enable such operation, UL scheduling information in frequency domain should be exchanged between eNB and gNB.  
Proposal 1: Besides UL time switch pattern between LTE carrier and NR carrier, the semi-static frequency domain resource pattern should be exchanged between eNB and gNB. 
· Issue 2: Cell level or UE level time-switching pattern?
In cell level coordination of time-switching, all the UE in the entire cell need to follow the time-switching pattern. However, IM issue and its severity is UE specific. For example, some UEs are in cell center and their UL transmission power is low enough thus the IM interference does not impact the DL performance. Some UEs have implementations (e.g., PA) with better performance, so their IM is marginal. But these UE also need to follow time switch for UL, thus their performance will be low. Note that time-switching of UL will degrade not only the UL throughput, but also the DL throughput in LTE due to lack of HARQ-ACK subframes. The advantage of cell level coordination is limited information through Xn/enhanced X2.
On the contrary, UE level coordination of time-switching can be used only for the UEs where IM is unacceptable. So the performance of other UEs is not affected. UE level coordination needs more information to be exchanged between gNBs and eNBs. To enable UE level coordination, smart network implementation is required to identify the UEs which are suffering from IM interference, e.g. through the NACK feedback for the PDSCH scheduled in some IM interfered RBs. 
Proposal 2: Both Cell level and UE level exchange of UL time switch pattern and frequency domain resource pattern through Xn/enhanced X2 should be supported.
2.2. Solutions for Harmonics and Harmonics Mixing
The harmonics in LTE-NR DC scenario (take LTE FDD and NR TDD as an example) is illustrated in Figure 3 below, where the LTE UL (f1) will impact NR DL (f2). Two harmonics scenarios with different interfering and victim PRBs are shown in Figure 4. Please note that for harmonics mixing, it is also one UL impacts one DL, so the solutions for Harmonics and Harmonics Mixing can be discussed together.


Figure 3. Harmonics in LTE-NR DC scenario



Figure 4. Two Harmonics scenarios with different interfering and victim PRBs
As noted in the WF in last meeting [2], this harmonics 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, i.e. half duplex operation. As LTE supports half duplex operation, it is expected that NR also supports such operation therefore it can be used to avoid the harmonic interference, when exists. 
Proposal 3: NR Rel-15 specification supports the half duplex UE operation. 
Assuming UE supports half duplex operation, still there are two issues to be considered. 
· Issue 1: the related harmonics scenarios
In Scenario A in Figure 4, all the UL PRBs will impact full or partial DL PRBs, in this case the time-switching of LTE UL carrier (F1) and NR DL carrier (F2) can be used. eNB and gNB can exchange the time switching pattern between LTE UL and NR DL in order to schedule the UE in a proper half duplex way. 
In Scenario B where only partial UL bandwidth will case harmonic impact to the DL bandwidth, a simple time-switching of UL and DL is not very efficient. For example, as shown in scenario B in Figure 4, if only 20% of UL bands will cause harmonics, then all the UL bands and DL bands will be time-switched, which sacrifice both DL and UL throughput a lot. The system efficiency will be very low. In fact UE can be scheduled with the UL and DL PRBs without harmonic relation such that full duplex can be enabled. 
Proposal 4: To enable an efficient harmonic interference avoidance, following information should be exchanged semi-statically between eNB and gNB.
· UL and DL time switch pattern, e.g. UL at eNB side and DL at gNB side
· UL and DL frequency domain resource pattern, e.g UL at eNB side and DL at gNB side 
· Issue 2: Cell level or UE level information exchange?
Similar as what was discussed above for IM, both cell level and UE level information exchange should be considered. 
Proposal 5: Both Cell level and UE level exchange of UL/DL time switching pattern and frequency domain resource pattern through Xn/enhanced X2 should be supported.
2.3. Common solutions for IM/Harmonics/Harmonics mixing
The main difference between solutions for IM and solutions for Harmonics/Harmonics mixing is the information exchange for network coordination is for UL direction only in IM case but UL plus DL direction together in harmonic case. Table 1 summarizes the solutions for IM and harmonic interference, it can be seen that although the interference situation and UE behaviour can be different, but the required backhaul signalling is almost the same. Therefore a common design of backhaul signalling for IM and harmonic should be agreed and specified. 
Table 1: Summary of IM and harmonic interference solutions
	Interference type
	Basic solution
	Advanced solution

	Intermodulation 
	Time switch between F1 UL and F2 UL 
· UE behaviour: Single UL transmission at a given time
· Backhaul signalling: time switch pattern between F1 UL and F2  UL (cell/UE level)
	Frequency domain scheduling coordination
· UE behaviour: UE follows the network UL and DL scheduling information without UL time switch
· Backhaul signalling: frequency domain resource pattern between F1 UL and F2 UL (cell/UE level)

	Harmonic/harmonic mixing
	Half duplex operation between F1 UL and F2 DL
· UE behaviour: either UL F1 or DL F2 at a given time
· Backhaul signalling: time switch pattern between F1 UL and F2 DL (cell/UE level)
	Frequency domain scheduling coordination
· UE behaviour: UE follows the network UL and DL scheduling information with full duplex operation between F1 UL and F2 DL
· Backhaul signalling: frequency domain resource pattern between F1 UL and F2 DL (cell/UE level)



Proposal 6: RAN1 to agree a common framework on required backhaul signalling for both IM and harmonic interference avoidance, which includes the following information. RAN1 to include the common framework in the LS to RAN3 to specify the signalling details. 
· Time switching pattern between two frequencies, where the two frequencies can be  
· Both UL, or 
· One UL and one DL
· Frequency domain resource pattern between two frequencies, where the two frequencies can be 
· Both UL, or
· One UL and one DL 
· For both of the above, the information exchange can be done in cell level or UE level
2.4. How to know UE is impacted by self-interference
Before the information exchange in the solutions mentioned above, gNB/eNB need to estimates which UE may suffer from UE self-interference. One implementation method is that gNB/eNB receives persistent NACK when scheduled with a set of DL PRBs, which means UE experiences poor DL BLER in specific PRBs and may be caused by IM/Harmonics/Harmonics mixing. Then gNB/eNB knows some UE may be impacted by UE self-interference.
Another method is UE self-interference handling capability report. If RAN4 concludes that UEs may have different self-interference handling capabilities corresponding to different DL sensitivity requirement, due to different costs and RF architecture, UE reports its capability for the related band combinations to the network. gNB then can have better knowledge when identifying the UE suffering from self-interference. 
If the problematic UEs can be identified by the above methods, the UE level time/frequency pattern coordination can be done in a more efficient way such that only the information regarding the identified UEs are coordinated. 
3. Conclusion
In this contribution, some further analysis on the solutions for IM, harmonics and harmonics mixing is given. The proposals are as follows.
· Proposal 1: Besides UL time switch pattern between LTE carrier and NR carrier, the semi-static frequency domain resource pattern should be exchanged between eNB and gNB. 
· Proposal 2: Both Cell level and UE level exchange of UL time switch pattern and frequency domain resource pattern through Xn/enhanced X2 should be supported.
· Proposal 3: NR Rel-15 specification supports the half duple UE operation. 
· Proposal 4: To enable an efficient harmonic interference avoidance, following information should be exchanged semi-statically between eNB and gNB.
· UL and DL time switch pattern, e.g. UL at eNB side and DL at gNB side
· UL and DL frequency domain resource pattern, e.g UL at eNB side and DL at gNB side 
· Proposal 5: Both Cell level and UE level exchange of UL/DL time switching pattern and frequency domain resource pattern through Xn/enhanced X2 should be supported.
· Proposal 6: RAN1 to agree a common framework on required backhaul signalling for both IM and harmonic interference avoidance, which includes the following information. RAN1 to include the common framework in the LS to RAN3 to specify the signalling details. 
· Time switching pattern between two frequencies, where the two frequencies can be  
· Both UL, or 
· One UL and one DL
· Frequency domain resource pattern between two frequencies, where the two frequencies can be 
· Both UL, or
· One UL and one DL 
· For both of the above, the information exchange can be done in cell level or UE level
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