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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
[bookmark: _GoBack]In 3GPP TSG RAN WG1 #90Meeting, there are some discussions to handle the harmonic interference for UE configured with EN-DC. The following WFs on solutions were agreed [1]. 
	Agreements:
· Following Backhaul signaling 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 signaling 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. 


The below topics for further offline is proposed in RAN1 chairmen’s notes [2].
	Discuss further offline: 
· For the EN-DC case, the LTE DL reference HARQ timing can be signaled to the UE when time-domain based network scheduling solution is used; reuse the signaling 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 behavior 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 behavior, 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.


In this contribution, the remaining issues for  harmonics interference handling including the HARQ timing, TDM pattern signaled to UE or not, and the UE capability report are discussed and proposals are given. Additionally, some discussions on single UL Tx operation to mitigate intermodulation are also provided in this document.
2. Remaining issues on harmonic
There are several remaining issues on harmonic including DL HARQ timing for LTE, TDM pattern signaled to UE or not, and the UE capability report. They are discussed below.
2.1. DL HARQ timing for LTE
In [3], the following HARQ timing configuration is agreed for LTE carrier in UE single UL carrier case to handle IMD.
	Agreements:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
· Note: it doesn’t necessarily imply that UE has to support both cases



In TDM based harmonics interference handling in EN-DC, only a subset of LTE UL subframes can be scheduled for the UE, while the full LTE DL subframes are available for the UE. However, using existing LTE FDD DL HARQ timing would reduce the number of schedulable DL subframes thus limit the LTE DL throughput unnecessarily. Therefore, it is necessary to use enhanced DL HARQ timing for LTE-FDD, while the HARQ timing design and signaling agreed for single UL Tx operation can be reused. 
Proposal 1: For TDM based harmonics interference handling in EN-DC, reuse the enhanced LTE DL HARQ timing and signalling defined for single UL Tx operation.
2.2. TDM pattern signalled to UE
In [1], it is agreed that semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier is needed in backhaul signaling. After receiving the time pattern, there are two options for eNB/gNB to schedule its serving UE according to the time pattern coordinated over backhaul:
· Option 1: by DL/UL grant signalled to UE
This is simple and with no RAN1 impact. Due to the fact that UE is not aware of the TDM pattern, UE has to keep the Tx RF chain for LTE UL and Rx RF chain for NR DL active in order to be scheduled at any possible time. Also UE has to keep monitoring PDCCH in all the NR DL slots. However, if network already uses semi-static TDM pattern (between LTE UL and NR DL) to schedule the UE, the RF active and PDCCH monitoring on the non-intended UL/DL slots/subframes becomes unnecessary and will increase the UE power consumption and potential PDCCH false alarm. 
· Option 2: by DL/UL grant together with DL/UL TDM pattern signalled to UE
As discussed above, if network decides to use semi-static TDM operation, it is beneficial to signal the DL/UL TDM pattern to the UE. UE can in advance know the upcoming slots for possible UL transmission and thus switch off the Tx RF chain when there is no UL transmission in certain slots given by the TDM pattern signalling. Similarly, UE can in advance know the upcoming slots for possible DL transmission and thus switch off the Rx RF chain when there is no DL transmission in certain slots given by the TDM pattern signalling. No PDCCH monitoring will be performed by the UE in NR DL carrier during the non-intended DL slots. In addition, only the UL/DL grants that aligned with the signalled TDM pattern will be considered as valid by the UE to avoid any non-intended transmission triggered by UL/DL grant false alarm. The TDM pattern can be signalled to UE by RRC signalling. It should be clarified that such TDM pattern signalling to UE can be optional and is only signalled to UE when network decides to abide the semi-static TDM pattern for scheduling. In case network decides to use more dynamic scheduling beyond the TDM pattern, the signalling to UE may not be required. 
Proposal 2: DL/UL transmission time pattern of LTE UL carrier and NR DL carrier can be signalled to UE by RRC signalling.
In case collision happens between UL and DL transmission and thus causes DL sensitivity degradation on the scheduled DL time/frequency resource due to harmonic impact, the UE behaviour should be discussed. In TDM based harmonic interference handling operation, if the TDM pattern is signalled to the UE, the UE shall follow the signalled TDM pattern and any scheduling grants not abiding the TDM pattern is considered as error case. In case TDM pattern is not signalled to the UE, it is assumed that network should schedule the UE properly such that harmonic interference from UL to DL is avoided as much as possible. In case UE receives a scheduling where harmonic interference happens, following behaviours can be considered:
· Option 1: UE shall meet the minimum MSD requirement, if specified in RAN4. Beyond RAN4 MSD requirement, neither additional RAN1 specification, nor additional UE implementation is required to handle the interference issue. 
· Option 2:  UE behaviour is defined in RAN1 specification, e.g. channel/signal dropping rule is defined in case of collision between UL and DL transmissions with harmonic interference. For example, LTE PUCCH or PRACH can be prioritized over NR DL data, while NR SS block, PDCCH, etc, can be prioritized over LTE PUSCH. 
Proposal 3:  When UE receives a scheduling where harmonic interference would happen, down-select between following UE behaviors
· Option 1: UE meets the minimum MSD requirement, if specified in RAN4, no additional RAN1 specification or UE implementation is required to handle the interference issue.
· Option 2: DL/UL channel/signal dropping rule is defined in RAN1 spec for the collided scheduling. 
2.3. UE capability report: self-interference handling capability report
The time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL are agreed in [1]. It is also agreed that the time and frequency patterns can be at least UE-specific. These approach can be used for specific band combinations where harmonic-related interference exists. However, the UE implementation for mitigating the harmonic related interference may vary, it should be considered for UE to report its band-combination specific self-interference handling capability to network. Then gNB/eNB can know which UE may suffer from harmonic-related interference and to what extent. So gNB/eNB can apply the time-domain or frequency-domain patterns only for the UEs really suffer from the harmonic related interference. Examples for this band-combination specific capability can be the following:
1) The actual MSD for the harmonic related UE self-interference of this UE in unit of dB, e.g., 20dB
2) Whether UE meets the MSD requirements for the harmonic in this band combination or not. 
3) Whether UE supports simultaneous UL and DL transmission in this band combination or not. 
Proposal 4: Support band-combination specific UE self-interference handling capability report in NR. Down select among the following options:
· The actual MSD for the harmonic related UE self-interference of this UE in unit of dB
· Whether UE meets the MSD requirements for the harmonic in this band combination or not
· Whether UE supports simultaneous UL and DL transmission in this band combination or not
3. Remaining issues on single UL operation
To solve intermodulation (IM) issues in some LTE-NR NSA band combinations, single UL operation is supported. The following WF was agreed [4]:
	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



1. 
2. 
3. 
According to the above agreements, UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB. When eNB/gNB receiving the TDM pattern, there are two options for eNB/gNB to schedule its serving UE according to the time pattern carried by backhaul signalling, which is similar as we discussed in Section 2.2:
Option 1: by UL grant signalled to UE
This is simple and with no RAN1 impact. Due to the fact that UE is not aware of the TDM pattern, UE has to keep the two UL RF chains active in order to be scheduled at any time. 
Option 2: by UL grant together with UL TDM pattern signalled to UE
It may be beneficial to signal the TDM pattern between UL carrier (F1) and another UL carrier (F2) to the UE for power saving purpose. UE can in advance know the upcoming slots for possible UL transmission and thus switch off the Tx RF chain when there is no UL transmission in certain slots given by the TDM pattern signalling. In addition, only the UL grants that aligned with the signalled TDM pattern will be considered as valid by the UE to avoid any non-intended transmission triggered by UL grant false alarm. The TDM pattern can be signalled to UE by RRC signalling. 
Proposal 5: UL transmission timing pattern of LTE UL carrier and NR UL carrier is signaled to UE by RRC signaling.
4. Conclusion
In this contribution, the remaining issues for  harmonics interference handling including the HARQ timing, TDM pattern signaled to UE or not, and the UE capability report are discussed and proposals are given as below:
Proposal 1: For TDM based harmonics interference handling in EN-DC, reuse the enhanced LTE DL HARQ timing and signalling defined for single UL Tx operation.
Proposal 2: DL/UL transmission time pattern of LTE UL carrier and NR DL carrier can be signalled to UE by RRC signalling.
Proposal 3:  When UE receives a scheduling where harmonic interference would happen, down-select between following UE behaviors
· Option 1:  UE meets the minimum MSD requirement, if specified in RAN4, no additional RAN1 specification or UE implementation is required to handle the interference issue.
· Option 2: DL/UL channel/signal dropping rule is defined in RAN1 spec for the collided scheduling. 
Proposal 4: Support band-combination specific UE self-interference handling capability report in NR. Down select among the following options:
· The actual MSD for the harmonic related UE self-interference of this UE in unit of dB
· Whether UE meets the MSD requirements for the harmonic in this band combination or not
· Whether UE supports simultaneous UL and DL transmission in this band combination or not
Additionally, some discussions on single UL Tx operation to mitigate intermodulation is also provided, with the following proposal:
Proposal 5: UL transmission timing pattern of LTE UL carrier and NR UL carrier is signaled to UE by RRC signaling.
 References
[1] R1-1716696, “Offline discussions and proposals on harmonic interference handling”, vivo, 3GPP TSG RAN WG1 Meeting NR#3, Nagoya, Japan, 18th – 21st, September 2017
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting NR#3, Nagoya, Japan, 18th – 21st, September 2017
[3] R1-1714827, “Way forward on remaining issues of single UL transmission”, NTT DOCOMO, INC., Apple, LGE, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, 21st – 25th August 2017
[4] R1-1711848, “Way forward on handling of single UL transmission”, NTT DoCoMo, 3GPP RAN1 Ad-Hoc, Qingdao, China, 27th- 30th June 2017

1/5
