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1. Introduction
In RAN1#AH NR2 and RAN1#90 meetings, the followings are agreed. 
In RAN1#AH NR2,
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
In RAN1#90, 
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.
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.
Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2

This contribution discusses the remaining issues of single transmission for DC, and the remaining issues of UL/DL sharing in NR LTE coexistence. 
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. For scheduling/HARQ timing of LTE FDD carrier, HARQ timing of LTE-TDD-FDD CA with LTE TDD PCell or HARQ timing of LTE FDD is agreed to be used. 
For the scheduled PUSCH and HARQ Ack/Nack can be addressed by adopting LTE HARQ timing to support single TX. And it has been agreed that UE is allowed to transmit NR UL signals at least in resources corresponding to DL by TDD DL/UL configuration to LTE. From LTE UL transmission perspective, PUSCH and PUCCH may be transmitted only in the configured UL resources by TDD DL/UL configuration.
Whether all UL signals are transmitted following the configured TDM pattern or not needs further discussion. For example, if PRACH and SR also need to be restricted to the configured TDM, it can cause latency for PRACH and SR transmission. On the other hand, as it may not occur so often, as long as the UE is capable, it can prioritize PRACH and SR over other transmission (in other words, it can ignore the configured TDM resource partitioning, and transmit PRACH and SR any time). On the other hand, if resources of PRACH and SR are configured considering TDM partition where at least PRACH resources are cell-specific, limited resources are available for all UEs in the cell at least for PRACH. Furthermore, if we consider different set of ULs are assigned to different set of UEs, configuration of PRACH becomes a bit more complicated. 
To address this issue, as mentioned before, PRACH and/or SR can have higher priority over other transmission and UE can transmit PRACH and/or SR without considering TDM partitioning of UL transmission. UE can drop other transmission 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 1: If supported by the UE, consider prioritize PRACH and SR transmission over other UL transmissions. In other words, a UE can transmit PRACH and/or SR regardless of TDM partition pattern.
In addition, when there is no UL transmission on the other CG even though the resource is allocated to the other CG, we propose to allow the UE to be able to transmit UL transmission in one CG. This can be effective when there is not much LTE transmission going on where NR can use unused UL resources for NR UL transmission. 
Proposal 2: If supported by the UE, a UE is allowed to transmit NR signals at the configured UL resource for LTE.
If semi-static configuration or RRC message sharing is possible between LTE and NR CG without real-time knowledge on the other CG’s RF, one possible approach is to configure a set of UL resources to NR UL which may not be exclusive to UL resources allocated to LTE UL. For example, in LTE UL, for HARQ timing restriction, TDD DL/UL configuration is configured. However, between eNB and gNB, resource TDM can be done for example at 80msec periodicity or 40msec periodicity where it may not be exactly same pattern in every 10msec. In that case, the network can indicate more UL resources to LTE where some of resources are not used by LTE by TDM. Such resources can be also indicated to NR, and the network can avoid collision by scheduling in such resources. 
Proposal 3: At least, it is supported to indicate a set of UL resources to NR which can be used for NR UL transmission where the resources may not be mutually exclusive to UL resources indicated to LTE. The collision is avoided by the network scheduling in the overlapped UL resources. 
Also, in power control of DC, it is agreed in the previous meeting that if total power of NR and LTE transmission exceeds maximum allowed UE power, UE scales down/drops NR transmission. It can be interpreted that at least LTE power status is informed to NR modem. By using this procedure, NR modem can implicitly recognize LTE scheduling information by checking whether LTE power is zero or not.
Observation 1: In power control of DC, NR can implicitly recognize LTE scheduling information by checking whether LTE power is zero or not.
Nevertheless, considering UE implementation, opportunistic transmission can be applied depending on UE capability. It can be designed that non-capable UE does not expect to transmit NR transmission in the TDMed LTE resource.
Proposal 4: A UE reports its NR capability whether it knows the presence of LTE signals real-time. If the UE supports, it is up to the network to utilize the capability or not by scheduling/configuration of UL resources.
One another issue is raised in [2] 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 [3], uplink transmission on the partial frequency can generate the related partial frequency interference in downlink, and thus, the other frequency region can be used for downlink reception without harmonic (mixing) interference. Therefore, we can also consider FDM together with TDM approach between LTE UL and NR DL for harmonic, and between LTE DL and NR UL for harmonic mixing.
In the TDM or FDM to alleviate harmonic (mixing) interference, NR (or LTE) DL can be restricted on scheduling. In terms of FDM, if semi-static FDM is considered, measurement configuration and CORESET configurations can be appropriately configured based on FDM. In our view, the motivation of dynamic FDM is not clear. Thus, either TDM or FDM, we propose adopting only semi-static partitioning. When needed, unusable DL resources due to harmonic issue can be configured as ‘reserved’ resources to avoid any measurement or any reception. One issue with reserved is that it does also prevent transmission where the resource can be used for UL transmission. In this sense, it is more appropriate to configure measurement and CORESET configurations considering semi-static FDM. 
Proposal 5: When FDM or TDM is considered, only semi-static partition is adopted. 
When UL transmission may not occur on the semi-statically FDM or TDM resource for UL, downlink reception of data can occur opportunistically similar to TDM for single Tx. 
3. Remaining issues of supplementary UL
In the previous meeting, related to SUL, some agreements are made. First, the carrier to transmit RACH is selected at a UE side based on DL RSRP. Second, power adjustment is accomplished to compensate pathloss difference which is indicated in RMSI. There are some remaining issues for SUL.
The first remaining issue is which carrier is used to transmit NR UL. As one of the main motivation of SUL is to handle asymmetric coverage between downlink and uplink, we do not see a strong motivation to allow simultaneous transmission between NR TDD/FDD uplink and SUL. A UE can select one frequency based on RRM measurement, and can stay until it changes its UL frequency via RACH procedure again or configured to change by higher layer. Thus, we propose not to allow simultaneous transmission or dynamic switching between two UL frequencies when SUL is applied.
Proposal 6: For SUL, transmission carrier is semi statically selected by RSRP or network configuration.
The second remaining issue is PDCCH order. It is some synchronization procedure when network thinks UE is not synchronized with the network. Since synchronization is dependent on the carrier, a network is necessary to indicate an UL carrier for a UE to transmit random access preamble on the indicated carrier. After eNB transmitting TA from random access response, UE is supposed to transmit Ack/Nack on that. This ack/nack signal can be transmitted in the same UL frequency as random access preamble.
Proposal 7: In the PDCCH order procedure, a network indicates a carrier to transmit random access preamble and ack/nack response TA indication on.
4. Remaining issues of DL sharing
The possible scenarios of downlink sharing between LTE and NR can include FDM, TDM, and FDM + TDM in different subframe. When FDM is used, it is assumed that NR carrier and LTE carrier do not share the frequency. Thus, transmission of SS block can be performed equally to other NR carrier as long as the bandwidth of NR carrier exceeds the required minimum bandwidth for SS block transmission. When FDM+TDM is used, if FDM portion is sufficiently large than SS block bandwidth, SS block can be transmitted in FDM portion. When TDM is used, to avoid CRS OFDM symbols by NR signals, it is challenging to transmit SS block in LTE normal subframes. One approach is to transmit SS block in MBSFN subframes. In case SS blocks are transmitted in a defined set of subframes/slots, LTE and NR frame boundary can be shifted such that SS block can be transmitted in LTE MBSFN subframes. 
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As MBSFN subframe uses the maximum 2 OFDM symbols for LTE PDCCH, if SS block is placed OFDM symbol 2 to 5, there is no room for RMSI CORESET in the first slot of MBSFN subframe. It is necessary that RMSI CORESET is transmitted in the resource except SS block mapping, which can be prefixed or indicated via PBCH. Two approaches can be considered for RMSI CORESET resource mapping. One is that RMSI CORESET is TDMed or FDMed with SS block. For example, RMSI CORESET is located at the left side of SS block, if SS block is transmitted on only symbol 8 to 11, and it is located at the right side of SS block, if SS block is transmitted on only symbol 2 to 5. The other approach is that the location of SS block can be rate-matched when transmitting RMSI CORESET. Out of some candidates, it can be prefixed or indicated via PBCH.
Also, it is necessary that RMSI PDSCH is transmitted with rate matching of SS block. Figure 1 shows an example of transmission of SS block, and RMSI CORESET and RMSI PDSCH in one of MBSFN subframe. 
Proposal 8: When transmitting SS block in LTE MBSFN subframe, NR RMSI CORESET and RMSI PDSCH rate match SS block together with LTE PDCCH region.
In addition, without SS block in LTE subframe, CORESET is necessary to be mapped after LTE PDCCH region. CORESET can be configured to be mapped after LTE PDCCH region. However, in the previous meeting, DMRS is agreed to be located on OFDM symbol 3 or 4 which is decided depending on system bandwidth. If LTE PDCCH region is 2 symbols and NR DMRS is mapped on OFDM symbol 3, there is no room for CORESET mapping. To address it, two approaches can be considered. One is that DMRS is rate matched in spite of the configuration of CORESET mapping on the DMRS location. For example, if LTE PDCCH and NR DMRS are mapped on symbol {0, 1} and 3, and CORESET is configured from symbol 2 to 4, UE assumes, CORESET is mapped on symbol 2 and 4, not 3. 
The other approach is that UE assumes the starting time of subframe for NR DL is after LTE PDCCH region, and then, CORESET resource configuration can be interpreted based on a new starting time in LTE band. Then, NR DMRS can naturally be mapped on symbol 5 or 6 in LTE subframe, if LTE PDCCH region is 2 symbols. 
Proposal 9: If NR supports stand-alone operation when NR carrier shares spectrum with LTE in TDM manner, it is necessary for NR CORESET rate match NR DMRS.
5. Conclusion
We proposed the followings. 
Proposal 1: In the uplink TDM approach for single Tx capable UE, the UE is expected to transmit NR signal in the TDMed LTE resource if it is not overlapping in the time domain with any LTE UL transmission of the UE. If not, NR signal can be dropped.
Observation 1: In power control of DC, NR can implicitly recognize LTE scheduling information by checking whether LTE power is zero or not.
Proposal 2: In the uplink TDM approach for single Tx capable UE, the UE without having NR modem recognizing LTE UL transmission does not expect to transmit NR signal in the TDMed LTE resource.
Proposal 3: In the TDM or FDM between UL and DL, reserved DL resources are indicated to UE, on which UE does not search PDCCH, and does not conduct measurement.
Proposal 4: In the TDM or FDM between UL and DL, if uplink is not transmitted, UE can use the reserved resources for the measurement of DL.
Proposal 5: When FDM or TDM is considered, only semi-static partition is adopted. 
Proposal 6: For SUL, transmission carrier is semi statically selected by RSRP or network configuration.
Proposal 7: In the PDCCH order procedure, a network indicates a carrier to transmit random access preamble and ack/nack response TA indication on.
Proposal 8: When transmitting SS block in LTE MBSFN subframe, NR RMSI CORESET and RMSI PDSCH rate match SS block together with LTE PDCCH region.
Proposal 9: If NR supports stand-alone operation when NR carrier shares spectrum with LTE in TDM manner, it is necessary for NR CORESET rate match NR DMRS.
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