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Introduction
In RAN1 #86b the following was agreed [1]:
Agreements:
· To support the efficient coexistence between NR and LTE operating in the same licensed frequency band,
· At least legacy LTE features should be considered in the NR study, e.g.:
· MBSFN configuration (for LTE Rel-8 and beyond)
· TDD UL subframe (for LTE Rel-8 and beyond)
· SCell activation/deactivation (for LTE Rel-10 and beyond)
· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)
· NR should study the following candidate mechanisms for coexistence:
· Resource indication (e.g., blank resources, available resources, etc.) of time/frequency resources
· Reconfiguring channel bandwidth/carriers monitored by UEs
· Any other mechanisms are not precluded.
· For non co-located LTE/NR case, backhaul signaling between LTE and NR can be studied to mitigate inter-cell interference.
· FFS on which information can be conveyed on the backhaul signaling
· Over-the-air listening at the gNB can also be considered
· Note: Dynamic switch between NR and LTE can be studied from the perspective of network for co-located LTE/NR case.

In this contribution, we discuss the various aspects of efficient coexistence between NR and LTE and the implications of such coexistence for NR design.
Discussion
The key motivation for coexistence of NR and LTE in the same frequency band is to ensure a smooth migration path for the band from LTE to NR. From this perspective, it is beneficial to be able to support both LTE and NR UEs in the same band during the transition period from LTE to NR. Furthermore, the granularity with which resources can be partitioned between LTE and NR will determine the efficiency of the system during the migration.

Assuming that when LTE and NR coexist in a band, both should provide comprehensive coverage in the service area, LTE and NR can potentially share resources in frequency and/or time. The simplest method for sharing resources in frequency is to operate NR and LTE on separate carriers in the same band as shown in Figure 1. For instance, when migrating a 20 MHz carrier in a band to NR, the 20 MHz bandwidth could be partitioned so that it is served by two 10 MHz carriers with one carrier operating NR and the other one operating LTE. Other bandwidth configurations could be used as well. While this is the simplest option, it has limited granularity due to the limited number of bandwidths supported by LTE. Furthermore, the sharing of resources between NR and LTE cannot be adjusted very dynamically.

Observation: Operation of NR and LTE on separate carriers can be used for coexistence of NR and LTE in the same band.
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[bookmark: _Ref465803939]Figure 1: Coexistence between LTE and NR in the same band on separate carriers

In order to enable sharing both in time and in frequency, another viable option for coexistence of NR and LTE in the same band is to use SCell activation/deactivation mechanisms in LTE. For instance, a single 20 MHz carrier operating LTE can be partitioned into four 5 MHz carriers. LTE UEs could be configured with one of the carriers as a PCell and the other carriers as SCells. The carriers designated as SCells may be cleared for NR use for periods of time by deactivating these SCells for all LTE UEs. NR would have to be designed so that it can operate within such periods. Several design options can be considered for NR. 

First we consider non-standalone NR operation. If all the NR UEs are LTE-capable, then, both NR and LTE UEs could use the LTE PCell as the anchor for mobility and obtaining essential system information. The NR-capable UEs could then be informed when the other carriers are operating as LTE SCells and when they are operating with NR. The LTE-capable UEs receive and transmit on the SCells only when the SCells are activated. The turning off and on of NR operation on a carrier can be considered to be akin to the activation and deactivation of SCells for LTE. Such sharing of resources on a carrier is shown in Figure 2. Based on the above discussion we make the following observation.

Observation: LTE and non-standalone NR with LTE-capable UEs can coexist on a carrier and share resources in time if the carrier is configured as an SCell for all UEs operating with LTE on the carrier.
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[bookmark: _Ref465805171]Figure 2: Coexistence between LTE and non-standalone NR in the same band on the same carrier

For standalone NR operation, the activation and deactivation times for LTE SCells makes the operation of NR in a standalone manner in the carriers configured as LTE SCells somewhat challenging. The worst case activation time for an LAA SCell could be more than 24 ms although the typical activation time is probably less than 10 ms. Similarly, the deactivation time is in the order of 8 ms as well. Hence, the smallest duration where the LTE SCell remains activated, without the activation and deactivation delays causing excessive overhead, is in the order of many tens of ms. While NR could potentially operate on a carrier where the carrier is unavailable for long periods such as this, it is probably not the best option especially from a latency perspective. One design option for NR to better make use of these periods where the LAA SCells are deactivated is to adopt carrier aggregation similar to LTE. In such a situation, there would be a dedicated NR carrier and a separate dedicated LTE carrier. The other carriers are then configured as SCells for both the NR and LTE UEs. On each of these carriers, either an LTE SCell or an NR SCell is activated at any given time but both are not activated. Such operation is shown in Figure 3. Considering the above, we make the following observation and proposal.

Observation: Standalone NR and LTE can coexist on a carrier and share resources in time if the carrier is configured as an SCell for all UEs operating with LTE on the carrier and if it is aggregated with a separate dedicated NR carrier for all UEs operating with NR.

Proposal: NR should support carrier aggregation of multiple NR carriers as in LTE.
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[bookmark: _Ref465806101]Figure 3: Coexistence between LTE and standalone NR in the same band on the same carriers

Other modes of operation that allow NR and LTE coexistence in a band on the same carrier in a more dynamic way include the use of MBSFN subframes in LTE as well as the use of uplink subframes where no UEs are scheduled for uplink transmissions in TDD bands. With the use of MBSFN subframes on an LTE carrier, the 12 OFDM symbols in a subframe excluding the first two symbols can be made available for use by NR. However, this approach has some limitations. First, it puts a restriction on the maximum length of an NR transmission in a subframe. Secondly, it also puts a restriction that NR synchronization and reference signals cannot appear in the first two symbols of any subframe. However, if these constraints can be met, then the use of MBSFN subframes may be a feasible approach. Similarly, the use of uplink subframes on a carrier is a possibility but comes with some significant constraints. First, this is not a solution that is applicable in FDD spectrum. Secondly, similar to the MBSFN subframe case, NR design should be such that the need for transmission of reference and synchronization signals or other signals or channels due to fixed timing relationships in LTE downlink subframes is avoided. This leads us to the following observation.

Observation: MBSFN subframes and UL subframes on an LTE carrier can potentially be used for sharing a carrier with NR, but such solutions may have some limitations and not be applicable in some important cases.

LTE MTC and NB-IoT do not make use of the LTE control channel region in the beginning of the LTE downlink subframes. This means that in scenarios where the focus is on coexistence between NR and LTE MTC or NB-IoT, NR signals can be allocated to the first one or few symbols in each downlink subframe. Furthermore, in both LTE MTC and NB-IoT, a valid downlink subframe bitmap can be configured per cell, which allows configuration of LTE MTC and NB-IoT devices so that they avoid transmission in some downlink subframes. LTE MTC also has a corresponding valid uplink subframe bitmap.

Observation: Coexistence between NR and LTE MTC or NB-IoT can be facilitated by the fact that LTE MTC and NB-IoT devices do not use the LTE control channel region in the beginning of the LTE downlink subframes.

Observation: Coexistence between NR and LTE MTC or NB-IoT can be facilitated by the possibility to configure valid subframe bitmap configurations for the LTE MTC and NB-IoT devices.

From the various methods of coexistence of NR and LTE in the same band discussed above, it is apparent that it is beneficial for NR to be designed such that it can operate on a carrier when the carrier is not always available. Such constraints are interestingly similar in some cases to operation on carriers in unlicensed spectrum as well. The ability to operate under such constraints is significantly enhanced if NR design minimizes the need for signals that need to be transmitted regularly with high frequency, such as synchronization signals, and if NR design allows for operation even when fixed timing relationships are not feasible, e.g., HARQ feedback always following a transmission after a fixed gap between the original transmission and the feedback.

Proposal: NR should be designed such that it can operate on carriers that are not available continuously. Persistent transmission of signals with high frequency and inability to operate without fixed timing relationships should be avoided.
Conclusions
We discussed the coexistence of LTE and NR in the same band and made the following observations and proposals.

Observation: Operation of NR and LTE on separate carriers can be used for coexistence of NR and LTE in the same band.

Observation: LTE and non-standalone NR with LTE-capable UEs can coexist on a carrier and share resources in time if the carrier is configured as an SCell for all UEs operating with LTE on the carrier.

Observation: Standalone NR and LTE can coexist on a carrier and share resources in time if the carrier is configured as an SCell for all UEs operating with LTE on the carrier and if it is aggregated with a separate dedicated NR carrier for all UEs operating with NR.

Observation: MBSFN subframes and UL subframes on an LTE carrier can potentially be used for sharing a carrier with NR, but such solutions may have some limitations and not be applicable in some important cases.

Observation: Coexistence between NR and LTE MTC or NB-IoT can be facilitated by the fact that LTE MTC and NB-IoT devices do not use the LTE control channel region in the beginning of the LTE downlink subframes.

Observation: Coexistence between NR and LTE MTC or NB-IoT can be facilitated by the possibility to configure valid subframe bitmap configurations for the LTE MTC and NB-IoT devices.


Proposal: NR should support carrier aggregation of multiple NR carriers as in LTE.

Proposal: NR should be designed such that it can operate on carriers that are not available continuously. Persistent transmission of signals with high frequency and inability to operate without fixed timing relationships should be avoided.
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