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1. Introduction
In this contribution, we present our view regarding LTE-NR co-existence, mainly for downlink.

2. General considerations on LTE-NR co-existence
LTE-NR co-existence should be enabled on the same licensed band as has been done in previous generations by default. This is essential to realize soft migration of the generations from LTE to NR. Two approaches should be enabled:
Approach 1: LTE-NR co-existence in FDM manner
LTE and NR are FDMed in a given carrier frequency band similar to LTE-LTE co-existence on neighboring frequencies. Depending on the traffic/user ratios of the two RATs, LTE and NR bandwidths can gradually be adjusted over a long-term. Considering that LTE already support various bandwidths from 1.4MHz to 20MHz without CA and up to 640MHz with CA, flexibility in bandwidth setting would be enough.
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Fig. 1.	LTE-NR co-existence in FDM manner.

Approach 2: LTE-NR co-existence in SDM manner
LTE and NR are operated by different TRPs (neighboring cells) on the same carrier frequency similar to LTE-LTE co-existence on neighboring cells. Operator should take a responsibility to ensure sufficient performance for each UE communicating with LTE or NR. Note that NR users can hand over to LTE TRP while LTE users may not (unless the users support NR). Therefore, approach 1 is safer and promising compared to approach 2 in general. 
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Fig. 2.	LTE-NR co-existence in SDM manner.

The key point of the above two approaches is following:
· LTE in the co-existence system should be enabled as if this co-existence is LTE-LTE co-existence. 
· The primary target of these approaches is the soft migration. Therefore, from LTE point of view, replacing some part of LTE by NR should not degrade the performance of remaining LTE users.

For the above two approaches, NR design shall provide following functionalities:
· UL-DL config and special subframe config are aligned so that there is no UL-DL cross-link interference
· Backhaul signaling to exchange configuration information b/w LTE BS and NR BS

Proposal 1:
· LTE co-existing with NR should have same/better performance than LTE co-existing with LTE under the same environment.

3. LTE-NR co-existence in TDM manner
LTE-NR co-existence in TDM manner is even more aggressive compared to the above two approaches; it is conditioned that LTE and NR are well coordinated each other, and a set of resources in the LTE system is utilized for NR. This enables LTE-NR co-existence even in the co-location/co-channel case. One example of radio resource coordination is illustrated in Fig. 3. MBSFN regions of MBSFN subframes are used for NR. By this feature, network can communicate with LTE UEs and NR UEs in a TDM fashion. Similarly, UL resources/subframes in LTE frame structure type 2 can be used in this way.
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Fig. 3.	An example of LTE-NR co-existence in TDM manner on the same carrier.
Even in the TDM case, LTE in the carrier shall offer functionalities such as cell acquisition, initial-access, UE-common channels, idle mode, etc. In addition, if the stand-alone operation for NR will also be provided in the carrier, all of these functionalities of NR shall be defined such that they can be realized by using MBSFN regions and/or uplink subframes of FS2. Considering that this issue makes NR system design quite complicated or restrictive while without this, approaches 1 and 2 are available, we propose to make sure that in case of LTE-NR co-existence on the same carrier in TDM manner, NR operation is always assisted by LTE/NR. Two methods can be considered; (1) LTE-NR dual connectivity based method, and (2) NR-NR carrier aggregation based method.

3.1. LTE-NR dual connectivity based method
LTE-NR dual connectivity will be a promising way of introducing NR at early phase. The system coverage is made by LTE, while throughput enhancement is offered by NR. In general, initial-access, mobility, and idle mode, are provided by LTE side. Usually, dual connectivity is using two different carriers. Since they are different RATs, from UE point of view, dual connectivity is appropriate compared to carrier aggregation for joint LTE-NR operation.
LTE-NR dual connectivity can be enhanced such that LTE and NR are operated on fully/partially overlapped carrier. In this case, RATs need to be switched time-to-time. LTE side shall keep channels/signals needed for stand-alone operation; some resources fixed for LTE in time are not available for NR. Compared to LTE-NR dual connectivity using different carriers, LTE-NR dual connectivity on fully/partially overlapped carrier has a restriction; radio resource at a time on the same carrier is available for one of the RATs. 
LTE-NR co-existence in TDM manner can be handled in the same way as LTE-NR dual connectivity on overlapped carrier. UE first connects to LTE on the carrier, then the network configures NR for the UE as the secondary RAT. By doing this, the system is not required to provide initial-access, mobility, and idle mode, on the NR resources in the LTE carrier. This makes designing LTE-NR co-existence in TDM manner being easier, and realizes commonality between LTE-NR dual connectivity and LTE-NR co-existence. 
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Fig. 4.	LTE-NR co-existence using LTE-NR dual connectivity mechanisms.

3.2. [bookmark: _GoBack]NR-NR carrier aggregation based
If there is another NR carrier, the NR resources within the LTE carrier usable in TDM manner are available by using NR-NR carrier aggregation (or carrier extension) mechanisms. UE is not required to connect with LTE on the carrier since all the necessary functionalities can be provided by another NR carrier. Here, it is assumed that another NR carrier provides initial-access, mobility, and idle mode functionalities. Similarly, it is possible to realize this by NR-NR dual connectivity.
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Fig. 5.	LTE-NR co-existence using carrier aggregation mechanisms.

As such, LTE-NR dual connectivity and NR-NR carrier aggregation (and NR-NR dual connectivity) realize LTE-NR co-existence in TDM manner without requiring special handling. Therefore, we propose the following:
Proposal 2:
· LTE-NR co-existence in TDM manner is realized by using LTE-NR dual connectivity and NR-NR carrier aggregation/dual connectivity frameworks.
· UE is configured to use the NR resources in the LTE carrier, either by:
· LTE resources in a LTE carrier (LTE-NR dual connectivity based approach), or
· NR resources in a NR carrier (NR-NR carrier aggregation/dual connectivity based approach)
· Following functions are not required for NR resources in the LTE carrier:
· Initial-access
· Mobility
· Idle mode

3.3. Available resources for NR downlink transmission
At the RAN1#87 meeting, there was an FFS on mapping NR signals and channels around the LTE CRS patterns. CRS of some subfframes/symbols cannot be removed to keep the performance of LTE UEs. Therefore, possible way is to map the NR channel/signal on CRS symbols such that the NR channel/signal do not overlap with LTE CRS REs. However, LTE and NR RE mapping is not completely aligned; LTE has DC subcarrier differently depending on whether the system bandwidth has even/odd number of PRBs, while NR does not have explicit DC subcarrier. Therefore, depending on the DC subcarrier position in LTE, CRS mapping observed from NR viewpoint is different. Furthermore, NR supports scalable numerology. Considering these aspects, it requires a lot of efforts to design NR signal/channel such that it can be mapped at CRS symbols without harm. So, mapping NR channel/signal on CRS symbols should not be considered at least for the first phase. Remaining resources (see Fig. 6) can be used for NR. 
Note that if the NR resource allocation is like Fig. 4, the amount of available resources in the first resource set in time depends on PDCCH region. NR UE is required to monitor LTE PCFICH in the subframe to determine the available resources in time in case of LTE-NR co-existence. Note that this is still same UE behaviour as in LTE-NR dual connectivity. 
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Fig. 6.	Mapping of NR channels/signals onto LTE DL subframe/special subframe.

Proposal 3:
· NR support at least resource mapping for NR channels/signals to avoid CRS symbols in a LTE carrier
· UE should monitor LTE control channels in case of LTE-NR co-existence in TDM manner.
· Note: this is still same UE behavior as in LTE-NR dual connectivity.

4. Conclusion
In this contribution, we presented our views on LTE-NR co-existence. General principles and downlink aspects are addressed. Our proposals are summarized as following:
Proposal 1:
· LTE co-existing with NR should have same/better performance than LTE co-existing with LTE under the same environment.
Proposal 2:
· LTE-NR co-existence in TDM manner is realized by using LTE-NR dual connectivity and NR-NR carrier aggregation/dual connectivity frameworks.
· UE is configured to use the NR resources in the LTE carrier, either by:
· LTE resources in a LTE carrier (LTE-NR dual connectivity based approach), or
· NR resources in a NR carrier (NR-NR carrier aggregation/dual connectivity based approach)
· Following functions are not required for NR resources in the LTE carrier:
· Initial-access
· Mobility
· Idle mode
Proposal 3:
· NR support at least resource mapping for NR channels/signals to avoid CRS symbols in a LTE carrier
· UE should monitor LTE control channels in case of LTE-NR co-existence in TDM manner.
· Note: this is still same UE behavior as in LTE-NR dual connectivity.

References
[1] 
- 4/5 -
image3.emf
MBSFNsubframes MBSFNsubframes

NR resources NR resources

LTE

NR


image4.emf
DC-like

LTE

NR

NR(NSA) NR(NSA)

LTE(SA) LTE(SA)


image5.emf
CA-like

LTE

NR

NR(SA)

NR

NR(NSA) NR(NSA)


image6.emf
1 or 2 ports

4 ports

NR channels/signals NR channels/signals


image1.emf
LTE

LTE

LTE

LTE

NR

NR

NR

NR

LTE+NR LTE+NR

LTE+NR

LTE+NR

LTE Freq. Freq. LTE NR NR Freq.


image2.emf
LTE

LTE

LTE

LTE

LTE

NR

LTE

NR

NR

NR

NR

NR


