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1 Introduction

In RAN #71, a new study item for “NR New Radio Access Technology” was approved [1]. One of the main objectives of the SI is to study the specification design for a single 5G technical framework that can accommodate various services such as enhanced mobile broadband (eMBB), massive machine type communication (mMTC) and ultra-reliable low-latency communications (URLLC) defined in TR 38.913 [2]. Furthermore, the framework should be forward compatible for future services in 5G phase II and beyond. Design 5G framework to be forward compatible means that whatever we design in 5G system, it will be able to accommodate future 5G enhancements without any backward compatible issues. To address forward compatibility support in 5G, this contribution provides some background on forward compatibility aspects in LTE and then discusses design principles to achieve forward compatibility in 5G.
2 Forward compatibility in LTE
In LTE, forward compatibility is supported in the form of MBSFN (Multimedia Broadcast Single Frequency Network) subframe configurations. MBSFN subframes were specified in the initial version of LTE, Rel-8, for the purpose of setting aside a subset of time resources for MBMS (Multimedia Broadcast/Multicast Service) which was to be later introduced in Rel-9. If a certain subframe is configured as an MBSFN subframe, the associated Rel-8 UE behaviour is to only decode control channels such as PCFICH, PDCCH and PHICH in the first two OFDM symbols of the subframe. The Rel-8 UE simply stops processing the rest of the MBSFN subframe. As a result of such UE behaviour, it was possible for later LTE releases to introduce new features in these subframes which are quite different from what was designed in Rel-8. One example is the introduction of new transmission modes based on DMRS which are designed to use in both non-MBSFN and MBSFN subframes. Future LTE releases could make use of MBSFN subframes to support features that are quite different from what is currently supported in LTE Rel-13. In fact, with the right 5G new air interface design, it could be possible to support not only LTE but also 5G in these subframes as discussed in another contribution [3].
MBSFN subframe can support new features without any consequence on legacy LTE operation because none of the essential signals/channels for LTE operation are carried on these subframes (except for the first twoOFDM symbols). Specifically, these time resources do not carry any components of LTE synchronization signals, PBCH, paging, or SIB. Furthermore, CRS is not transmitted on these time resources as well. Since MBSFN subframes were designed to be exclusive of essential system operations, new features can be designed on these time resources without any impacts on legacy LTE operations..
Figure 1 shows an example of candidate subframes for MBSFN configuration in LTE FDD and TDD, respectively. 
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Figure 1. An example of candidate subframes for MBSFN configuration in LTE FDD and TDD.

Note that the MBSFN subframes as designed in LTE allow only time resources to be set aside. It cannot set aside frequency resources in a similar manner. If the maximum number of MBFSN subframes are configured (6 out of 10 subframes), over 50% of the wireless resources can be set aside.
3 Support of forward compatibility in 5G
This section will discuss how certain resources can be set aside for the purpose of forward compatibility in 5G new air interface. These resources will be quite similar to MBSFN subframes in LTE but further optimized to consider new characteristics of 5G new air interface. For the sake of convenience, we will refer to these resources as ‘Forward Compatibility Resources’ or FCR. UE behavior for FCR would be quite similar to LTE UE behavior for MBSFN subframes. UEs based on initial 5G specifications will simply skip or ignore these FCRs while UE based on later 5G releases will be able to utilize these resources depending on the new UE behavior. Following aspects are considered in supporting forward compatibility in 5G new air interface:
· System operations

· Control and reference signals
· Multiplexing of forward compatibility resources in 5G system resources
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 5G new air interface. Of course, the downside of this requirement is that any wireless resources that should carry 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 subset of time and frequency resources. In LTE, these essential operations were mostly handled by subframe # 0, 4, 5, 9 in FDD.
Maintaining orthogonal set of resources for essential systems operations and FCR can be accomplished in one of two ways depending on how the resources for essential system operations are specified. If transmissions for essential system operations are specified to occur on fixed time or frequency resources, FCR can be designed around these resource much like what we have today in LTE. On the other hand, if transmissions for essential system operations can occur on variable 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.

Proposal 1: Study different approaches to configure FCR (Forward Compatibility Resource) while avoiding overlap with resources that are used to support essential system operations in 5G.
Control and reference signals
In LTE, CRS and control channels (e.g. PDCCH, PHICH and PCFICH) are transmitted on periodic resources across the entire system bandwidth. Periodicity allows the possibility of time averaging to enhance accuracy on channel estimation while using the entire system bandwidth is beneficial in terms of frequency diversity. While there is benefit, the downside of having periodic/wideband transmissions is the loss in flexibility. For example, periodic/wideband CRS transmission in LTE leads to a number of adverse effects such as inter-cell interference on other cells and inefficient energy usage at eNB power amplifier even when there is no data transmission. Furthermore, these periodic/wideband transmissions would have an adverse impact from the forward compatibility perspective. More periodic/wideband transmissions in the form of reference signals or control channel resources would correspond to less candidate resources for forward compatibility. Considering these aspects, periodic/wideband transmissions in 5G should be minimized as much as possible. For example, instead of supporting CRS like reference signal that handles multiple functions, it could be better to support multiple references signals with dedicated roles and then transmit appropriate reference signals only when there is traffic.
Proposal 2: Avoid periodic/wideband transmissions of reference signals and control channels when possible.
Multiplexing of forward compatibility resources in 5G system resources
In LTE, MBSFN configuration applies only on time domain resources. Therefore, only time domain multiplexing is possible between MBSFN and non-MBSFN subframes as shown in Figure 1. As a result, if there are MBSFN subframes configured in a cell, a UE that cannot access these subframes for data transmissions 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, being able to configure FCR on both time and/or frequency domain could be beneficial and should be considered in conjunction with new 5G services in the initial and future releases. Figure 2 shows an example of configuring FCR in time and/or frequency domain. 
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Figure 2. An example of configuring FCR (Forward Compatibility Resource) in time domain only, in frequency domain only, and in both time/frequency domain.
Proposal 3: Support configuration of FCR (Forward Compatibility Resource) in both time and/or frequency domain. Support of FCR should consider various services in 5G new radio interface and its enhancements.
4 Conclusions 

This contribution discusses design principles to achieve forward compatibility in 5G and propose the following depending on the discussion:
Proposal 1: Study different approaches to configure FCR (Forward Compatibility Resource) while avoiding overlap with resources that are used to support essential system operations in 5G.
Proposal 2: Avoid periodic/wideband transmissions of reference signals and control channels when possible.
Proposal 3: Support configuration of FCR (Forward Compatibility Resource) in both time and/or frequency domain. Support of FCR should consider various services in 5G new radio interface and its enhancements.
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