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Introduction
In RAN1#89, the following agreements were reached related UL sharing for NR [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
· Send an LS to RAN2, RAN3, and RAN4 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878. 

Agreements:
· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage
· Scenario 1
· Scenario 2 where UL sharing is from network perspective
· FFS where UL sharing from UE perspective
· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification
· Scenario 3

An outline of the scenario as available here as well:
· Scenario #1 : 
· DC LTE @ Low Frequency (LF) + NR @ 3.5G
· Concept: LTE PUSCH/PUCCH LF, NR PUCCH 3.5G, NR PUSCH 3.5G configurable
· Scenario #2:
· DC LTE@LF + NR@3.5G + NR@LF SUL with UL sharing
· NR and LTE are collocated 
· Concept: LTE band uses LTE/NR UL sharing 
· Note: this scenario is potentially beneficial for reducing latency
· Scenario #3:
· DC LTE@LF1 + NR@ multiple bands (e.g. LF2 and 3.5G)
· NR and LTE are collocated 
· Concept: NR CA from 3.5G to LF2
· Note: this scenario is potentially beneficial for reducing latency

[bookmark: _Ref178064866]Discussion
First, we try to analyses each scenario and after that we investigate specific solutions that are needed for each scenario. 
Scenario 1
Scenario 1 is operating NR and LTE at two different frequency bands with the corresponding UL carriers and DL carriers operating on each corresponding frequency band. If there is possibility to transmit simultaneously in the UL on both carriers that is the most flexible operation. In such a case, the NR and LTE carrier can operate independently on the physical layer mostly (except for some power control aspects). In addition to this, there is the possibility that the UL carriers cannot be simultaneously used. In such a case, there would be a need to TDM the UL carriers. For such a case, it is only the UL carriers that directly need to be TDMed. Potentially, in addition, the DL carriers may need to be TDMed as well, due to the UL carriers being TDMed. 
The impact could be handled by the network if it is provided with the correct tools to do so. HARQ feedback and potential UL scheduling could be set up to be semi-statically operated between NR and LTE carriers. One way to support the TDM of HARQ feedback is to operate with polling of HARQ feedback. The polling of HARQ feedback on the NR side is further described below in section 2.4.2. For UL scheduling this could be done by the gNB and eNB selecting the applicable allowed slots and subframes only. To support this operation and polled HARQ feedback, there would be a need to introduce signaling over the Xn and X2 interface that supports for operation over multiple bands to give these time patterns. The basic assumption is further that there is some form of synchronization between the NR and LTE gNB and eNB respectively. Further details on the solution is given in section 2.4.3.1.
Scenario 2
In Scenario 2 the DL carriers for NR and LTE is operated as in scenario 1, however the ULs are operated on the same carrier frequency. This would inherently mean that a TDM design is performed between LTE and NR in the UL, as operating them simultaneously will most likely lead to that coverage is severely impacted in UL for both LTE and NR. Consequently, the solution of polling the HARQ feedback bits that was needed for scenario 1 also needs to be utilized for scenario 2. This is further described in section 2.4.2. The need for network signaling between the gNB and eNB is further similar as in scenario 1. Further it is assumed that NR and LTE carriers are synchronised to give optimal performance. The exact signalling is further given in section 2.4.3.2.
An additional aspect for scenario 2 is that the UE will not have a pathloss reference for the NR carrier. How to handle this is further described in section 2.4.1.
With these mechanism, it is further sufficient to describe the UL sharing only from the network perspective and the specification impact would be to introduce the highlighted features only. 
Proposal
· It is sufficient to describe UL sharing for scenario 2 from the network perspective. The impact to 3GPP is a set of specific features that the network can choose to utilize to operate this scenario.
Scenario 3
In Scenario 3, the UE is operating an extension of scenario 1 wherein the UE has an additional NR carrier in adjacent frequencies to the LTE carriers but are not sharing the same frequency as the LTE carrier. This scenario could avoid the case of have intermodulation products in UL between the NR and LTE carrier by utilizing the NR UL carrier in the adjacent band to the LTE carrier. This will increase the coverage of the NR operation compared to scenario 1. However sending on two UL carriers at the same time regardless whether it is LTE+LTE, NR+NR or LTE+NR will always limit the coverage of the signals sent compared to only sending one, as the power needs to be shared between the two UL carriers. Consequently, to trade DL data rate for UL coverage it would be beneficial to operating with the time domain pattern given in section 2.4.3.1 and also applying pooling of HARQ feedback as described in section 2.4.2.
Specific solutions to be introduced
[bookmark: _Ref490215895]Power control
The first aspects to consider is how power control is performed on an NR UL carrier wherein there is no corresponding NR DL within the same band, e.g. Scenario 2. The main problem is that the UE would need to have reliable pathloss reference to be able to operate in UL. There are a few ways one could think of achieving this. One is that the UE measures pathloss at the correspond NR DL carrier. However, this NR carrier would be located in another band potentially multiple 1 GHz apart. Consequently, the pathloss will be different. It may also be difficult to compensate with a fixed offset. The reason is that propagation of the signaling maybe different on the different frequency bands. Another way would instead be that the UE uses the CRS from the associated LTE DL that is available in the same band as the NR UL. The UE would then be configured with the PCI and output power of the LTE DL carrier that is most suited as pathloss reference (typical the DL carrier that is paired with the UL carrier on the same frequency). Further the UE could also be configured with BW of the LTE DL carrier to be able to perform RSRP measurement over more the 6 PRBs if the UE supports that. The UE would be configured with this already to perform random access on the NR UL.
Proposal
· NR supports to have LTE CRS as pathloss reference
· For a given NR UL carrier at a given frequency UE is configured to use an LTE carrier CRS on a given frequency as pathloss reference
· The UE is configured with the PCI and the transmission power of the LTE carrier
· If the LTE carrier is TDD, the NR UE is further given the LTE UL/DL configuration to be able to identify the DL subframes
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For the case when an NR UL is operated on the same frequency as LTE UL from the same UE or that a UE is aggregating both NR UL an LTE UL on different frequency but cannot simultaneously transmit on both of them, there is a potential problem that the UE cannot be scheduled continuously in a corresponding LTE and NR carrier(s) at the same time in DL due to that the HARQ feedback will be transmitted in UL. Transmitting multiple PUCCH format at the same time for LTE and NR will most likely severely impact the UL coverage. In scenarios where NR coexists with LTE in the same band HARQ feedback needs to be delayed until the next available UL, see Figure 1. One code point in the HARQ timing indication in the DCI could be reserved to indicate postponed HARQ feedback. If the UE was instructed not to transmit a HARQ acknowledgement, the network could at a later time instant “poll” the UE for the status of previous receptions. Polling could also have the benefit of avoiding complicated HARQ-ACK codebooks as used in LTE and is also useful for operation in unlicensed spectrum for devices not capable of ‘immediate’ ACK. It could concretely be done from the network that the UE is scheduled contiguously 4 LTE and 4 NR subframes/slots and in the fifth subframe only schedules NR. This would leave room in UL to perform a polling of HARQ feedback on NR in every fifth subframe and at the same time not limiting the performance too much on the LTE carrier. On the LTE carrier, the eNB could in these occasions instead schedule another UE instead. This solution will introduce some additional delay for the HARQ feedback however, this is not great concern as typically the BLER target is very low and with operating with LDPC code it may be even lower. 
Proposal 
· Introduce polled HARQ-acknowledgement for PDSCH.
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[bookmark: _Ref465862656]Figure 1: HARQ feedback timing
Signalling over the Xn interface and enhanced X2 interface
[bookmark: _Ref490215700]For LTE-NR coexistence in adjacent spectrum
In order for operation to function on adjacent spectrum wherein the UE cannot transmit simultaneously on both NR and LTE there would be need for the gNB and eNB to exchange information with each other regarding the subframes/slots that are allocated to NR and LTE operation correspondingly. For such information to be fully useful, there would be a need to operate the NR carriers and LTE carriers without at least drifting too much between each other. Better operation is achieved if they are synchronised on an OFDM symbol level. A straightforward operation would be that the subframe pattern based on LTE timing as it has the longest time duration per transmission duration (always 15 kHz numerology). The signalled message contains information whether a subframe is DL on LTE and NR, DL only on LTE or NR and for UL whether it is used for NR or LTE.
Proposal
· For LTE-NR coexistence in adjacent spectrum a subframe bit map pattern is signalled based on the LTE timing that indicates whether a subframe is DL for LTE and NR or DL only for LTE or NR; it further indicates whether an UL subframe is UL for NR or LTE.
· Note: This is to support operation wherein the UE is TDM between the LTE and NR carrier
· Some form of synchronization is assumed between the LTE and NR carriers, i.e. they do not drift over time significantly. 
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In order for operation to function in overlapping spectrum wherein the UE cannot transmit simultaneously on both NR and LTE there would be need for the gNB and eNB to exchange information between each other on which subframes/slots that are allocated to NR and LTE operation correspondingly. For this operation to work in a good manner it is recommended that the NR and LTE carriers are synchronised. Further there would be a need for UEs that are aggregating both NR and LTE carriers to TDM their UL carriers. Due to that they are TDMing their UL carriers they would need to TDM there DL carriers as well. The operation described here then becomes similar to the case described in section 2.4.3.1. Consequently, the same signalling between the gNB and eNB can be reused. 
Proposal
· For LTE-NR coexistence in overlapping spectrum a subframe bit map pattern is signalled based on the LTE timing that indicates whether a subframe is DL for LTE and NR or DL only for LTE or NR; it further indicates whether an UL subframe is UL for NR or LTE.
· Note: This is to support operation wherein the UE is TDM between the LTE and NR carrier
Conclusion
In this contribution operation of NR and LTE coex over the agreed three scenarios, based on the discussion we propose the following:
· It is sufficient to describe UL sharing for scenario 2 from the network perspective. The impact to 3GPP is a set of specific features that the network can choose to utilize to operate this scenario
· NR supports to have LTE CRS as pathloss reference
· For a given NR UL carrier at a given frequency UE is configured to use an LTE carrier CRS on a given frequency as pathloss reference
· The UE is configured with the PCI and the transmission power of the LTE carrier
· If the LTE carrier is TDD, the NR UE is further given the LTE UL/DL configuration to be able to identify the DL subframes
· Introduce polled HARQ-acknowledgement for PDSCH.
· For LTE-NR coexistence in adjacent spectrum a subframe bit map pattern is signalled based on the LTE timing that indicates whether a subframe is DL for LTE and NR or DL only for LTE or NR; it further indicates whether an UL subframe is UL for NR or LTE.
· Note: This is to support operation wherein the UE is TDM between the LTE and NR carrier
· Some form of synchronisation is assumed between the LTE and NR carriers, i.e. they do not drift over time significantly. 
· For LTE-NR coexistence in overlapping spectrum a subframe bit map pattern is signalled based on the LTE timing that indicates whether a subframe is DL for LTE and NR or DL only for LTE or NR; it further indicates whether an UL subframe is UL for NR or LTE.
· Note: This is to support operation wherein the UE is TDM between the LTE and NR carrier
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