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1 Introduction

In RAN1 #84bis, the following was agreed regarding design principles for the forward compatibility [1]:
Agreements:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

Based on the agreements, this contribution discusses several aspects to achieve forward compatibility in NR.
2 Support of forward compatibility in NR
Taking into account the above agreements in RAN1 #84b, design principles such as minimizing transmission of always-on signals and confining signals and channels within a configurable/allocable time/freq. resource are associated with how we can maximize the amount of resources that can be secured for the future releases. This contribution discusses how resources can be set aside as much as possible for the purpose of forward compatibility in NR. These resources can be similar to MBSFN subframes in LTE but further optimized to consider new designs and characteristics of NR. Following aspects are discussed in supporting forward compatibility in NR:
· Allocation/configuration of forward compatible resources
· TDD
· System operations
Note that for the sake of convenience, we will refer to these resources as ‘Forward Compatibility Resources’ or FCR.
Allocation/configuration of forward compatible resources
In LTE, MBSFN configuration applies only on time domain. Thus, only time domain multiplexing is possible between MBSFN and non-MBSFN subframes. As a result, if there are MBSFN subframes configured in a cell, a UE cannot access these subframes for normal data receptions and needs to wait until the next non-MBSFN subframe. Such a limitation leads to additional latency. In order to avoid this and provide additional flexibility on forward compatibility, configuration of FCR on both time and frequency domain should be considered. 
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Figure 1: An example of configuring FCR (Forward Compatibility Resource) in NR resource.

Proposal 1: Support a configuration of forward compatibility resource on both time and frequency domain. 

For configuration of FCR, we can consider two alternative approaches: implicit and explicit methods. In an implicit way, a UE will be able to avoid any impacts on FCRs without any prior knowledge on the existence of the FCRs when an eNB schedules the UE on resources around the FCRs. But, such an operation may lead to scheduler complexity and restriction on FCR configuration in terms of forward compatibility. Alternatively, in an explicit way, a UE will simply skip or ignore FCRs that were indicated to the UE in advance. It would help to maximize the amount of resources that can be configured for forward compatibility. For an example, massive MTC, one of main services to be accommodated in an NR framework, may require quite a number of repetitions to provide extended coverage for IoT devices that can be located in various places. In this case, FCR can be configured in resources that are likely to be collided with mMTC data transmission by a repetition and it is indicated to the mMTC UE. Then the mMTC UE can skip the pre-assigned FCR even though it needs some repetitions over the FCR. 
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Figure 2: An example of a collision of FCR and mMTC data transmission in NR resource.
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, FCR can be configured in resources that may be collided with the wideband signals. Then, with indication of the position of the FCR, NR UEs can skip the FCR for the reception of the wideband signals.
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Figure 3: An example of a collision of FCR and wideband signal transmission in NR resource.
Proposal 2: Study FCR configuration and NR UE operations in an explicit or implicit way.
To avoid long latency to normal data transmission and receptions, as in the case of MBSFN configuration in LTE, it is also possible to configure FCR with a small portion of a subframe periodically in the time domain. The configured FCR can be several OFDM symbols in each opportunity. As mentioned above, the legacy UEs can easily skip or ignore the FCRs in the configured symbols. This kind of configuration is beneficial to future services if small packets arrive in a periodic manner.
In the frequency domain, there is possibility that the narrowband systems (e.g., NB-IoT) will be deployed within a small portion of the NR carrier in the future. Considering the possible difference between the narrowband systems (e.g., 180 kHz) and the PRB size (FFS) in the NR system, it is necessary to allow the FCR configuration with a sub-PRB granularity in the frequency domain.

Proposal 3: Study FCR configuration with fine granularity, e.g., symbol level in the time domain, sub-PRB (or subcarrier) level in the frequency domain.
TDD
In LTE, eIMTA was introduced to accommodate traffic adaptation according to the amount of UL/DL data in a TDD cell. eIMTA allows the change of UL-DL configuration per at least 10ms under 7 UL-DL configurations defined in LTE. However, eIMTA like approach may not be appropriate for NR considering the tight latency requirement for URLLC. For example, if URLLC DL traffic arrives within a UL subframe of a UL-DL configuration, an URLLC UE needs to wait until the next DL subframe for a data reception and it may not able to satisfy the latency requirement for URLLC data. Taking these URLLC aspects into account, new TDD scheme can be considered for NR like dynamic TDD. Figure 4 shows examples of dynamic TDD in case of stand-alone and non-standalone cell. In Figure 4, ‘D’ denotes DL subframe, ‘U’ denotes UL subframe and ‘F’ denotes flexible subframe that can be switched to DL or UL. It is also noted that the minimum number of subframes may be required to be fixed as DL or UL subframe for essential system operation in case of stand-alone cell as shown in Figure 4(a). Dynamic TDD would have a positive impact from the forward compatibility perspective because any subframes except fixed subframes can be used for forward compatibility resource.
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(a) An example for dynamic TDD in case of a stand-alone cell
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(b) An example for dynamic TDD in case of a non-standalone cell

Figure 4: Examples of dynamic TDD in case of stand-alone and non-standalone cell.
Proposal 4: Consider new TDD schemes (e.g. dynamic TDD) for NR.

System operations
As with any cellular systems, essential operations such as synchronization, system information acquisition, random access, and paging have to be also supported in NR. Of course, the resources carrying signals for these operations would not be a good candidate for FCR. From forward compatibility point of view, it would be good if these operations are performed on a small portion of time and frequency resources. In LTE, these essential operations were mostly handled in subframe #0, 4, 5, 9 in FDD.

In order to avoid the collision between resources for essential systems operations and FCR, we can consider two alternative ways depending on how the resources for essential system operations are specified. If transmissions for essential system operations are specified on fixed time or frequency resources, FCR should be designed not to include these resources like what we have today in LTE. On the other hand, if transmissions for essential system operations can occur on flexible time or frequency resources, any resources could potentially be configured as FCR. Supporting essential system operations using variable time or frequency resources could be beneficial in terms of flexibility and forward compatibility. The downside is that the UE would have to blindly detect the time and frequency resources over which system essential operations occur leading to additional UE complexity. Details on synchronization signal transmission on flexible time or frequency resources are discussed in a companion contribution [2]. 
Proposal 5: Study different approaches to configure FCR while avoiding overlap with resources that are used for essential system operations in NR.

3 Conclusions 

This contribution discusses several aspects to achieve forward compatibility in NR and proposes the following depending on the discussion:
Proposal 1: Support a configuration of forward compatibility resource on both time and frequency domain.
Proposal 2: Study FCR configuration and NR UE operations in an explicit or implicit way.

Proposal 3: Study FCR configuration with fine granularity, e.g., symbol level in the time domain, sub-PRB (or subcarrier) level in the frequency domain.

Proposal 4: Consider new TDD schemes (e.g. dynamic TDD) for NR.

Proposal 5: Study different approaches to configure FCR while avoiding overlap with resources that are used for essential system operations in NR.
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