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1. Introduction
In RAN1#AH NR3 meetings, the followings are agreed. 
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. 
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
This contribution discusses the remaining issues of single transmission/reception for DC, and the remaining issues of SUL in NR LTE coexistence. 
2. Discussion on simultaneous transmission and reception between LTE and NR in dual connectivity scenario
One issue is raised in [1] that harmonic from LTE uplink falls into NR downlink band or harmonic mixing from NR uplink falls into LTE downlink band in some band combinations. In order to address it, semi-static time and frequency pattern indicating for transmission/reception are agreed to be exchanged between eNB and gNB. 
Whether the TDM or FDM pattern needs to be indicated, we can consider LTE side and NR side separately. 
For LTE: 
For single TX, it has been agreed to adopt indication of LTE DL/UL configuration for maximizing utilization of downlink which otherwise will be restricted if it is handled solely based on the network scheduling. When TDM is used between LTE DL and NR UL, it will lead less downlink than uplink such that some uplinks are not usable at all if it is based on pure scheduling. To enhance, we can consider adopting such as UL index in UL grant such that more UL subframes can be scheduled by TDM-ed downlink. For PUCCH timing, it can follow regular HARQ-ACK timing table as there will be no DL scheduling in unavailable DL subframes. It is however considerable whether HARQ-ACK code book needs to consider such subframes as well or by indicating the TDM pattern, a UE can skip counting on such subframes in HARQ-ACK codebook. Given limited time, we do not consider such optimizations may be essential at this point. They can be considered after December. 
Another issue in LTE is whether there is anything necessary to handle measurement and CSI feedbacks. Currently, LTE provides subframe sets for both measurements and CSI feedbacks when PMI-RI is configured. Thus, measurement restrictions on allocated downlinks can be done utilizing existing configurations.
When FDM is used, scheduling should be able to handle FDM without any explicit indication to the UE. In terms of measurement, restriction of RRM bandwidth (e.g., only at center 6PRB) by not enabling wideband RSRQ can be considered. This however may lead performance degradation. Alternatively, configuration of measurement bandwidth (which can be smaller than system bandwidth) may be considered if indeed measurement performance is impacted by FDM operation. For CSI feedback, a network may handle this by subband CSI, though wideband CSI performance may be degraded. 
Proposal 1: For harmonic mixing interference, no additional specification impact in LTE seems essential at least before December. Further consider optimization techniques such as PUSCH timing, measurement bandwidth restrictions, etc. if time permits.  
For NR:
As NR offers flexible configurations in terms of available resources, measurement configurations, etc., we do not see that explicit indication of TDM/FDM pattern needs to be indicated to the UE for NR side. 

For single Tx, it is raised in [2] 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. For more network flexibility, we can consider to have the dropping rule if there is collision. This however may require that a UE needs to know what channel is being transmitted in the other CG real-time. Thus, it may be supported based on UE capability.
Proposal 2: For single Tx operation, a UE is not configured with a TDM pattern. It does not assume that it is only allowed in non-UL subframes according to LTE TDD DL/UL configuration given to LTE carrier(s). The network may schedule LTE and NR in the same UL resource, and depending on UE capability, a UE can either drop NR or UE behaviour is not specified in this case.
Until now, we have considered LTE transmission with normal subframe to support single Tx. However, if allowing short TTI transmission in LTE, more flexible TDM between NR and LTE can be possible. For example, one short TTI is used within one subframe, the other resource of the subframe can be used for NR transmission. That approach can make scheduling more flexible and make more reduced latency by the spreading UL transmission time. 
Proposal 3: For more network scheduling flexibility and more reduced latency, short TTI transmission needs to be studied to support single Tx.
If considering the short TTI transmission in LTE for various TDM between DL/UL or between UL carriers due to harmonics and IMD issues, we need to think about scheduling/HARQ timing. If using just LTE FDD approach for it, it is possible to use it without any specification change. Then, however, DL resources to indicate UCI or to transmit PDSCH is restricted. To use more DL resources, we need to think about a new scheduling/HARQ timing. In LTE LR, scheduling/HARQ timing can be separated with subframe mapping and short TTI mapping within subframe between DL and UL resources. Simply, to facilitate all DL resources for scheduling/HARQ timing, we can design to use LTE CA rule for subframe mapping and LTE LR rule for short TTI mapping within subframe.
Proposal 4: For scheduling/HARQ timing, in order to use all LTE DL resources with short TTI in single Tx, LTE CA HARQ timing for subframe mapping between DL and UL resources and LTE LR HARQ timing for short TTI mapping within subframe can be used.
3. Supplementary UL
Supplementary UL has been discussed to address asymmetric coverage between UL and DL. In terms of coverage, UE with low RSRP is beneficial to switch from one carrier to the other carrier. In this sense, it would be enough to use the same carrier for PRACH, PUSCH and PUCCH. In initial access, the UE selects one UL based on RSRP, and during connection, the network can trigger RACH procedure with different UL from the current UL
Proposal 5: In SUL, the same carrier is used for PRACH, PUCCH and PUSCH transmission.
In SUL, NR signal can be transmitted in the LTE re-farming band where LTE signal and NR signal are multiplexed. Then, physical cell ID is used for data scrambling and RS sequence generation. Considering that the purpose of cell ID use for it is interference randomization, SUL cell ID is beneficial to use the shared band ID with SUL in network perspective.
Proposal 6: In SUL, SUL cell ID is the shared band ID with SUL in network perspective.
4. Conclusion
In this contribution, we made the following proposals:
For harmonic, 
Proposal 1: For harmonic mixing interference, no additional specification impact in LTE seems essential at least before December. Further consider optimization techniques such as PUSCH timing, measurement bandwidth restrictions, etc. if time permits.  

For single Tx,
[bookmark: _GoBack]For single Tx operation, a UE is not configured with a TDM pattern. It does not assume that it is only allowed in non-UL subframes according to LTE TDD DL/UL configuration given to LTE carrier(s). The network may schedule LTE and NR in the same UL resource, and depending on UE capability, a UE can either drop NR or UE behaviour is not specified in this case.

For single Tx with short TTI,
Proposal 3: For more network scheduling flexibility and more reduced latency, short TTI transmission needs to be studied to support single Tx.
Proposal 4: For scheduling/HARQ timing, in order to use all LTE DL resources with short TTI in single Tx, LTE CA HARQ timing for subframe mapping between DL and UL resources and LTE LR HARQ timing for short TTI mapping within subframe can be used.

For SUL,
Proposal 5: In SUL, the same carrier is used for PRACH, PUCCH and PUSCH transmission.
Proposal 6: In SUL, SUL cell ID is the shared band ID with SUL in network perspective.
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