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1 Introduction

In RAN1 #86, the following conclusion was made regarding resources for forward compatibility [1]:
Conclusions:

· Further study
· how to multiplex mini slot and slot

· the benefit and mechanism of indicating blank resources at least for forward compatibility perspective
Based on the conclusion, this contribution discusses use cases and motivations of indicating resources for forward compatibility to NR UEs. It is noted for the sake of convenience, we will refer to resources for forward compatibility as FCR (Forward Compatibility Resource).
2 Discussion
In LTE, MBSFN subframes are configured to UEs by higher layer signaling. If certain subframes are configured as MBSFN subframes by the signaling, a UE that cannot access MBSFN region of these subframes for data reception simply skip the region without any operations such as CRS and data reception. In order to provide flexibilities in terms of resource utilizations and system operations, a signaling of FCR to NR UEs can be considered. The following use cases and motivations to introduce the signaling for a configuration of FCR to NR UEs are discussed:
- Dynamic sleep for NR UEs

- Multiplexing of various vertical services with long time duration or wideband transmission
- Dynamic adjustment of Tx/Rx BW in case of multi-TTI scheduling or LTE coexistence
Dynamic sleep for NR UEs 
First, when different verticals are multiplexed in the time domain, a signaling of FCR to NR UEs can allow dynamic sleep for NR UEs. For example, similar to MBSFN configuration in LTE, eMBB and eMBMS can be multiplexed subframe-by-subframe in the time domain. Hence, certain subframes are used for eMBB while remaining subframes are allocated for eMBMS. In this case, certain eMBB UEs that cannot receive eMBMS service need to monitor control channels for eMBB data transmission in every subframe even if a subframe is used only for eMBMS transmission. With the signaling for FCR to indicate whether certain subframes are not available for eMBB UEs, the eMBB UEs that cannot receive eMBMS service would sleep during subframes configured as FCR which can give a benefit of UE power saving due to skipping of unnecessary blind decoding.
Second, when dynamic TDD is configured where any subframe can be either DL or UL, a signaling of FCR allows dynamic sleep for NR UEs. For example, if a gNB decides to configure next X subframes as UL in order to schedule UL transmission from certain NR UEs, then the gNB will schedule UL grant for the NR UEs on a previous DL subframe by proper UL grant-to-PUSCH timing (e.g. UL grant-to-PUSCH timing > 0 subframes). Other NR UEs that do not detect any UL grant have to monitor DL control channels on those X subframes configured as UL if any signaling is not indicated to those NR UEs. In this case, with a signaling for FCR to indicate whether certain subframes are not available for certain NR UEs, the NR UEs that do not need UL transmission can sleep during next X subframes configured as UL which also gives a benefit of UE power saving.
Multiplexing of various vertical services with long time duration or wideband transmission

A signaling of FCR for NR UEs can enable multiplexing of vertical services with various features such as long time duration or wideband transmission regardless of resource collisions between vertical services. It can give a freedom for a scheduler in terms of resource utilizations without some drawbacks such as latency and resource waste.
One example is multiplexing between mMTC and other vertical services. Massive MTC, one of main services to be accommodated in an NR framework, may require quite a number of repetitions in order to provide extended coverage for IoT devices that can be located in various places. If multiplexing between mMTC and eMBB is considered under an unpaired spectrum, FCR can be configured to mMTC UEs in order to guarantee resources for UL feedback transmission from eMBB. In this case, the FCR are likely to be collided with resources for mMTC data transmission by a repetition and it is indicated to the mMTC UE. Then, the mMTC UE can skip the FCR even though it needs some repetitions over the FCR.
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Figure 1: An example of a use case for FCR in mMTC data transmission.
Another example is for wideband signal transmission in NR. Periodic/wideband transmissions like CRS in LTE should be minimized as much as possible for efficient forward compatibility. Nevertheless, for the purpose of channel state estimation and so on, it would be still beneficial to introduce wideband signals. In this case, if a vertical service with a long time duration such as mMTC is introduced in a future, the wideband signals may not avoid a collision with FCR reserved for the vertical service. Then, with indication of the FCR to NR UEs that should measure the wideband signals, the NR UEs can skip reception of the wideband signals on resources collided with the FCR.
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Figure 2: An example of a use case for FCR in wideband signal transmission.
Dynamic adjustment of Tx/Rx BW in case of LTE coexistence

NR-LTE coexistence is one of important aspects to be accommodated in NR, especially for sub-6GHz. In co-located scenario where NR and LTE functionalities are incorporated within a single eNB, NR can be independently operated on orthogonal resources with a tight coordination between NR and LTE operations. One potential mechanism to enable NR-LTE coexistence is to utilize MBSFN subframes in LTE. In this case, NR transmission on the MBSFN subframes can be time domain multiplexed with LTE transmission on non-MBSFN subframes. Furthermore, NR downlink transmissions can be frequency domain multiplexed on the MBSFN subframes with LTE downlink transmissions using TM9 or TM10. Note that it would be possible if there is specification support to maintain frequency domain orthogonality between NR and LTE. Hence, taking into account LTE transmissions using TM9 or TM10, Tx/Rx BW for NR transmission in MBSFN subframes can be dynamically adjusted by using a signaling for FCR. For example, if NR UEs are scheduled with multi-TTI on the MBSFN subframes and LTE data transmissions using TM9 or TM10 are operated on part of the MBSFN subframes, then the FCR can be indicated to NR UEs whether certain RBs (e.g. for LTE data transmission using TM9 or TM10) are not available and therefore, Tx/Rx BW for NR transmissions can be dynamically adjusted depending on the amount of frequency resources reserved for the LTE transmission.
3 Conclusions 

This contribution discusses several use cases and motivations to indicate resources for forward compatibility in NR and proposes the following depending on the discussion:
Proposal: Support a signaling of resources for forward compatibility to NR UEs.
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