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1. Introduction 
In the last RAN WG1 NR Ad-Hoc Meeting, the following agreements were made regarding the LTE-NR coexistence [1].

	
Agreements:
· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  
· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Notes:
· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR
· The wording “efficient” in the above two bullets does not imply exact alignment of configurations
· RAN1 has agreed the following
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration

Agreements:
· Supporting NR DL in MBSFN subframes of LTE
· FFS details



In this contribution, we discuss several issues from aspects of LTE-NR coexistence as follows.
· Adjacent channel LTE-NR coexistence
· Configurability of NR periodic signal transmissions
· Considerations on UE duplexer
2. Adjacent channel LTE-NR coexistence
Per the agreement made in the last RAN1 Ad-hoc meeting, NR supports ‘efficient’ adjacent channel coexistence with LTE-TDD in unpaired spectrum. In this subsection, we try to address how the adjacent channel coexistence could be ‘efficient’ for collocated and non-collocated cases.
Collocated LTE-NR base stations:
In the collocated scenarios, single RF front-end will be shared between eNB and gNB, which requires that the transmission directions of the adjacent channels must be perfectly aligned. Although it is unlikely, even if the collocated eNB and gNB use different RF front-end, the effect of self-interference would not allow the adjacent carriers to operate in different directions. In this regard, the most straightforward way to support efficient adjacent channel co-existence between LTE-TDD and NR would be to make DL/UL directions aligned.
However, if some LTE UL subframes on all the adjacent LTE carriers are unused due to, e.g., no UL data, the eNB may instantly inform the collocated gNB such that those unused UL subframes can be flexibly used for either UL or DL. This operation is illustrated in Figure 1 below. When NR transmits DL on the unused LTE UL subframes on the adjacent carriers, gNB may perform power control to reduce the cross-link interference leakage to adjacent channels for other neighboring base stations. The UL subframes that can be dynamically switched can be further restricted to a certain set, called ‘flexible subframes’, in consideration of other neighboring base stations operating on the same band.
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Figure 1. Dynamic switching of flexible UL subframes if adjacent carriers are not used by collocated eNB

On the other hand, even if some DL subframes are unused by collocated eNB on the adjacent carriers, NR cannot arbitrarily use it for UL transmission because CRS and some control messages are still needed to be transmitted, i.e., the RF needs to be in the mode of transmission.
Proposal 1: If ‘flexible’ LTE UL subframes on all the adjacent LTE carriers are unused, the collocated gNB can dynamically decide to use those slots for either DL or UL. 
Non-collocated LTE-NR base stations belonging to the same network operator:
In non-collocated scenarios, the transmission direction alignment between adjacent carriers is not a critical issue as neither the non-collocated base stations share the same RF nor there exists self-interference. In some situations, however, it may be still beneficial to align the transmission direction of adjacent channels between non-collocated base stations, if it happens to be that LTE UE in DL reception is close by the NR UE in UL transmission and, vice versa. However, this additional optimization from the perspective of cross-link interference leakage to adjacent channels can restrict ‘efficient’ operation of gNB from traffic adaptation perspective. By giving some flexibility, the gNB can better adapt to varying DL/UL traffic demand. For instance, the NR static DL/UL frame structure is designed to be constituted of DL, UL, S (special), and F (flexible) subframe types. The S refers to subframes in line with LTE TDD special subframes. The new subframe type F is intended to be flexibly used for either DL or UL up to gNB decision. The overall NR static DL/UL frame structure for coexistence scenarios can be, for example, chosen to have maximum commonality with the LTE TDD configurations used by the operator.
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Figure 2. An example NR static DL/UL configuration with ‘flexible’ subframes

As in the above figure, if the MNO uses TDD UL/DL configurations 1 and 2 most of the times, then one NR static DL/UL configuration may be set with the maximum commonality between the two configurations while leaving the subframes having non-coinciding directions as F subframes. In utilizing the F subframes, the gNB may schedule cell-center UEs with reduced power to minimize the potential impact to neighbouring base stations operating on the same channel or adjacent channels.     
Proposal 2: In the case of non-collocated scenarios, the NR static DL/UL frame structure can be constituted of DL, UL, S (special), and F (flexible) slot types, where the slot type F is intended to be flexibly used for either DL or UL. 
Non-collocated LTE-NR base stations between different network operators:
In some frequency band allocation, it is also possible that the adjacent channels are assigned to different operators and one operator have upgraded its network to NR through LTE spectrum refarming while the other operator is still operating with LTE. In this inter-operator scenario, enforcing to strictly abide by the agreed TDD UL/DL pattern seems reasonable as the information exchange between BSs belonging to different operators would be difficult and will experience long delay. Therefore, in such scenarios, the NR network should follow the configured TDD pattern, which can be specified in the NR specification. 
3. Configurability of NR periodic signal transmissions
The NR periodic signal transmission can be restricted in the LTE-NR coexistence scenario due to certain restrictions on the possible frame structure. Such restricting cases are exemplified in the below:
· Adjacent channel LTE-NR coexistence scenario, in which the NR transmission direction may need to be aligned with the configured LTE TDD pattern. 
· Downlink sharing via MBSFN subframes. In LTE, certain subframes are not to be configured for MBSFN subframe until Release 13. For instance, in FDD, subframes 0, 4, 5, and 9 cannot be used for MBSFN due to the overlap with synchronization signals and/or paging occasions. Similarly, in TDD, subframe 0, 1, 2, 5 and 6 cannot be configured for MBSFN subframe. 
Such restrictions on the configurable frame structure require that NR design should allow the configurability of its periodic transmissions or possible periodic transmission occasions on whichever NR slots configured for NR downlink transmission. 
1. Synchronization signals: In LTE, the synchronization signals are transmitted in the fixed time/frequency resources. The NR synchronization signal transmission could be an issue if their occasions overlap with subframes that cannot be configured for downlink transmission. In this regard, the NR synchronization signals should be designed flexible enough such that it can be transmitted in any configured subframes. For instance, the NR synchronization signals can be transmitted in non-fixed slot by embedding the slot information in the sequence itself. Alternatively, the NR frame boundary can have an offset with respect to the LTE frame boundary to avoid such overlap.   
2. Paging occasions: In LTE, the paging instance, i.e., radio frame and subframe indices, are derived as a function of UE DRX cycle and UE ID. Depending on the network configuration in SIB2, possible paging occasions can be subframe 9, subframe 4 or 9, or subframe 0, 4, 5, or 9 for FDD. Similarly, the possible paging occasions are defined for TDD as well. From this, it can be seen that the LTE paging occasions are, although configurable, not fully flexible. Therefore, unless a particular assumption is made such that the shared LTE downlink carrier can only be used as an NR SCell, NR paging design should also take into account the LTE-NR coexistence scenario. In other words, the NR paging should be designed flexible enough such that the paging occasions can be configured to whichever subframes configured for NR downlink transmission.
3. MIB/SIB transmissions: In LTE, MIB is transmitted every frame on subframe 0. Similarly, SIB1 is transmitted in subframe 5 in radio frame satisfying SFN mod 2 = 0. Other SIBs are scheduled by SIB1. Unless a particular assumption can be made such that NR UEs do not camp on LTE-NR shared carrier, the NR system information transmission design should allow that it can be transmitted and received in whichever subframes configured for NR downlink transmission.

Observation 1: NR DL periodic signals, such as synchronization signals, paging, and system information transmissions, should have enough configurability so that they can be transmitted in any configured slots. 


4. Considerations on UE duplexer
NR deployments on the NR spectrums such as 3~4 GHz and 24~28 GHz are likely based on TDD. On the other hand, for gradual deployment of NR, LTE unpaired spectrum can be refarmed as illustrated in the figure below such that the LTE unpaired carrier and NR unpaired carrier coexist in adjacent channel. This adjacent channel scenario was discussed in Section 2. 
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Figure 4. LTE TDD Band refarming scenario

One benefit of TDD over FDD is the fact that the use of duplexer for simultaneous Tx/Rx is not required. It will be preferable if this benefit is retained for low UE device cost. On the other hand, as illustrated in the figure above, consider a UE operating in a carrier aggregation or dual connectivity mode such that one or more NR carrier(s) in a refarmed LTE unpaired spectrum and one or more NR carrier(s) in an NR unpaired spectrum are aggregated. Then, due to the adjacent channel interference, as discussed in Section 2, the transmission direction of NR carrier and LTE carrier in the same band must be aligned. In order not to mandate a NR UE to implement duplexer, the transmission direction of NR component carrier in NR unpaired spectrum must be aligned with the transmission direction of LTE carrier in LTE unpaired spectrum band due to the refarmed LTE carrier. This may require tight coordination between NR gNB and LTE eNB especially for dual connectivity scenarios. 
Observation 2: Tight coordination between NR gNB and LTE eNB is necessary to avoid conflicts on transmission directions from both network perspective and UE perspective. 
5. Conclusion
In this contribution, we discussed 1) adjacent channel LTE-NR coexistence, 2) configurability of NR periodic signal transmissions, and 3) considerations on UE duplexer, and the following proposals and observations were made. 
Proposal 1: If ‘flexible’ LTE UL subframes on all the adjacent LTE carriers are unused, the collocated gNB can dynamically decide to use those slots for either DL or UL. 
Proposal 2: In the case of non-collocated scenarios, the NR static DL/UL frame structure can be constituted of DL, UL, S (special), and F (flexible) slot types, where the slot type F is intended to be flexibly used for either DL or UL. 
Observation 1: NR DL periodic signals, such as synchronization signals, paging, and system information transmissions, should have enough configurability so that they can be transmitted in any configured slots. 
[bookmark: _GoBack]Observation 2: Tight coordination between NR gNB and LTE eNB is necessary to avoid conflicts on transmission directions from both network perspective and UE perspective. 
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