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1. Introduction
In RAN1 June Ad Hoc meeting, the followings are agreed. 
	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
· Send an LS to RAN4 regarding the above agreements – Xueming (Vivo), which is approved in R1-1711872
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
· Send an LS to RAN2, RAN3, and RAN4 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878.


This contribution discusses simultaneous transmission and reception between LTE and NR. 
2. Discussion on simultaneous transmission and reception between LTE and NR in dual connectivity scenario
In RAN1#89 meeting, it is raised in [1] that 5th order IMD from simultaneous transmission in LTE and NR uplink bands falls into LTE downlink band in some band combination in the DC scenario. To alleviate it, single TX is allowed to avoid IMD from simultaneous uplink transmissions. When single TX is used for dual connectivity, TDM between two CGs is necessary, where dynamic PUSCH and uplink transmission in LTE is done in some subframes with UL/DL TDD configuration or UL/DL TDD-FDD CA configuration, or network scheduling. Other remaining subframes/resources not allocated to LTE UL can be used for NR PUSCH/uplink transmission, if necessary according to band combination.
If equipped with ideal backhaul between gNB and eNB, it can be assumed that dynamic scheduling information for NR and LTE PUSCH can be exchanged before transmission, and simultaneous uplink transmission can be controlled by scheduling. However, it is generally difficult to assume it with X2 interface with non-ideal backhaul between gNB and eNB. In this case, some semi static TDM is needed. Furthermore, if pure scheduling based approach is used, it can be inefficient when there are high volume of downlink traffic (and thus most downlink subframes are utilized which then requires most uplink subframes are necessary for HARQ-ACK transmission) is present in LTE. This case will lead very limited uplink resource for NR side. To overcome this case, our general preference is to utilize TDD-FDD CA framework for HARQ timing where multiple downlink subframes can be mapped to one uplink for HARQ-ACK transmission. 
One another issue is raised in [2] that 2nd harmonic from LTE uplink falls into NR downlink band in some band combinations. To alleviate it, it may be necessary to support that eNB or gNB can choose whether semi static TDM between LTE UL transmission and NR DL reception is used or not.
· Semi static TDM between NR and LTE in DC
In some band combinations, the above mentioned two band interferences can coexist; for example, for LTE 4DL/1UL CC + NR 1DL/1UL CC (3.4-3.8GHz), the fifth IMD from 2nd harmonic of Band 3 UL (1710-1785MHz) and NR UL (3.4-3.8GHz) fall into Band 7 DL (2620-2690MHz). Also, in the same band combination, 2nd harmonic of Band 3 UL (1710-1785MHz) falls into NR DL (3.4-3.8GHz). With respect to such two simultaneous band interferences, we can think about the two following UL/DL configuration to support semi static TDM between NR and LTE:
1. TDM between {LTE UL} and {NR UL, NR DL}
2. TDM between {LTE UL} and {NR DL, LTE DL}
The method 1 is already described in the above. In method 2, in spite of permitting simultaneous NR/LTE uplink transmissions, if LTE DL is TDMed with LTE UL, it is free from IMD interference at the reception of LTE DL. Also, since NR DL is TDMed with LTE UL, the harmonic interference cannot affect NR DL reception.
To support method 1 in terms of scheduling/HARQ timing for LTE carrier, it is natural to adopt DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell. Then, LTE DL can be fully used in all of the subframes. To support method 2, it is natural to adopt DL-reference UL/DL configuration for TDD. Then, NR UL can be fully used in all of the subframes. Considering the restrictions on the scheduling for LTE DL or NR UL, network can decide whether TDD or TDD-FDD CA configurations.
Proposal 1: Considering harmonic and IMD interference, a network can decide whether to use TDM between {LTE UL} and {NR UL, NR DL}, or TDM between {LTE UL} and {NR DL, LTE DL}, or neither.
Proposal 2: For the scheduling/HARQ timing for LTE carrier, a network can decide whether to use TDD configuration or TDD-FDD CA configuration, or neither.
When TDM between LTE UL and NR UL is used, handling of PRACH and SR for both LTE and NR can have overall the following options. First option is to assume that semi-static resource partitioning between two CGs are for all uplink transmission including PRACH and SR. In other words, PRACH and SR will be skipped in the resource which is allocated to the other CG. This will impact the overall operation of PRACH and SR which can lead more latency to get scheduled or get synchronized. Thus, another approach is to skip the scheduled PUSCH or PUCCH if the UE needs to transmit PRACH or SR. If PRACH or SR occurs not often, this could address the concern of the first approach. 
For the LTE SRS transmission, an UE can be scheduled to transmit NR-PUSCH or PUCCH with LTE SRS. In this case, UE can assume to transmit LTE SRS together with rate-matched NR-PUSCH or PUCCH. For that, it may be necessary that eNB informs SRS configuration to gNB.
Proposal 3: Whether PRACH and SR would be also restricted by TDM or not needs further investigation. Prioritizing PRACH and SR of one CG over PUSCH/PUCCH of the other CG can be considered for single UL case. Proposal 4: For simultaneous LTE SRS and NR uplink transmission, UE can assume to transmit LTE SRS together with rate-matched NR-PUSCH/PUCCH. For that, it may be necessary that eNB informs SRS configuration to gNB.
In the TDM between LTE UL and NR DL, NR DL can be restricted on scheduling. Then, it is necessary to indicate available NR DL slots to UE to reduce the complexity of the decoding search for NR-PDCCH, which can be done by configuring monitoring periodicity or configuring a subset of subframes/slots reserved. Whether these slots can be used for measurements may depend on the impact from IMD or harmonics on measurement RS reception. To be safer, it can be considerable that these slots are not used for measurements either by configuring such DL resources as ‘reserved’ for downlink. 
Proposal 5: When TDM between NR DL and LTE UL is used, TDM partitioning can be also indicated to a UE as reserved DL resource such that the UE can skip downlink reception and potentially measurements on unavailable DL resources. 
· TA difference between NR and LTE
For the NR/LTE non co-located case, TA can be different between NR and LTE. The TA difference can make LTE UL and NR UL overlapped time in spite of TDM approach. The left side of Fig.1 shows overlapped time and gap time between LTE and NR UL by TA difference. 
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Fig. 1. Overlapped resources and gap resources between NR and LTE by TA difference
In the left side of Fig.1, in overlapped time A, NR UL is not allocated by gNB, and in the gap time B, NR UL or DL can be allocated by implementation. 
However, such overlapped and gap times can make the network have low scheduling flexibility. For example, if network is supposed to schedule the last 3 symbols for NR uplink transmission in the subframe with 2 symbols overlapped time A, it cannot be scheduled in this subframe. Also, the uplink transmission cannot also be scheduled in the gap time B, because of small resources of time B. With some delays, e.g. 1 slot or 2 slots, such an uplink transmission would be scheduled in a new resource. If the number of dual connected UE increases, such a scheduling restriction can make more delays and system performance degradation. In the right side of Fig.1, the overlapped time A and the gap time B are described in the TDM case between {LTE UL} and {NR DL, NR UL}. In this case, not only uplink scheduling but also downlink is restricted. For the future, it needs to study more optimization on the overlapped time and gap time.
Proposal 6: The optimization on the overlapped and gap time by TA difference needs to be studied.
3. Conclusion
We proposed the followings. 
Proposal 1: Considering harmonic and IMD interference, a network can decide whether to use TDM between {LTE UL} and {NR UL, NR DL}, or TDM between {LTE UL} and {NR DL, LTE DL}, or neither.
Proposal 2: For the scheduling/HARQ timing for LTE carrier, a network can decide whether to use TDD configuration or TDD-FDD CA configuration, or neither.
[bookmark: _GoBack]Proposal 3: Whether PRACH and SR would be also restricted by TDM or not needs further investigation. Prioritizing PRACH and SR of one CG over PUSCH/PUCCH of the other CG can be considered for single UL case. Proposal 4: For simultaneous LTE SRS and NR uplink transmission, UE can assume to transmit LTE SRS together with rate-matched NR-PUSCH/PUCCH. For that, it may be necessary that eNB informs SRS configuration to gNB.
Proposal 5: When TDM between NR DL and LTE UL is used, TDM partitioning can be also indicated to a UE as reserved DL resource such that the UE can skip downlink reception and potentially measurements on unavailable DL resources.
Proposal 6: The optimization on the overlapped and gap time by TA difference needs to be studied.
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