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Discussion and Decision
1
Introduction
Motivated from [1] we outline in this contribution the proposal of how to achieve forward compatibility of 5G New Radio with Phase II specification and beyond.
Section 2 outlines New Radio design requirements and the motivation to study related solutions, while Section 3 concludes the contribution with a set of proposals.
2
Design requirements and solutions
5G New Radio will be designed for a multitude of different services, device categories and deployment scenarios. This results in diverse sets of requirements which can be roughly categorized in enhanced Mobile BroadBand (eMBB), massive Machine Type Communications (mMTC), and Ultra-Reliable and Low Latency Communications (ULRRC) [1]. On the other hand a broad range of potential solutions is known, some examples are usage of new spectrum, large antenna arrays, autonomous contention-based transmissions of small data packets, and multi-node connectivity. Not all of the abovementioned service requirements and related features may be present in the initial Release of 5G New Radio. Future use cases and evolving technologies may even enhance the space of performance requirements and solutions. One basic design paradigm of 5G New Radio must be therefore forward compatibility. 

Proposal 1: Study general requirements on 5G New Radio that must be fulfilled to ensure full forward compatibility with respect to Phase II specifications and beyond.
As examples, one design requirement can be the capability to seamlessly integrate new device categories. Another design requirement can be the capability to support antenna arrays of arbitrary size. In order to better understand the importance of forward compatibility thinking, let’s try to look at the lessons learned from LTE. Release 8 LTE was focusing on up to 4Tx antenna for FDD and up to 8Tx for TDD, certainly targeting specific requirements at that time. Without forward compatibility in mind, CRS were utilized for demodulation, a solution which is very good for low amount of transmit antennas but unfortunately does not scale when high number of antennas are used. This was improved in the following releases, but the problems created by the existence of CRS required solutions which spanned until Release 13, and in addition to the specification effort required also implementation effort and additional complexity (as CRS IC is the solution). In fact the CRS interference in 4Tx deployments does not have a solution even today! This is just one of the examples where better forward compatibility could have saved a lot of industry effort. 
At the same time there are good design principles from LTE that have allowed extension of the system beyond the initially conceived use cases and scenarios. The main example is the time-frequency grid provided by OFDM waveform, which allows great flexibility in providing specific signals required for new applications. For example, this allowed introduction of DMRS and CSI-RS to support higher order MIMO, well beyond the initially envisioned 4Tx systems. 

In the following we attempt to identify areas which are important for forward compatibility of new radio and which should be carefully considered in design: 

· Radio signal design: Aim is to facilitate the co-existence of radio signals belonging to different services and (future) releases of New Radio on one carrier. Requirement is to further localize radio signals in time and frequency, e.g. through applying spectrum masks minimizing out of sub-band emissions and confinement of the signals in the time domain. Also confinement of pilot signals (DM-RS) to the actually transmitted signal is required. Concerning configurable measurement signals (CSI-RS), the position in time and frequency as well as signal characteristics (waveform, sequence design and numerology) shall be kept configurable.
· Radio frame structure flexibility: Apart from collecting general requirements also concrete means for implementing them already in the first Release of 5G New Radio are needed. One basic question is how the overall UL and DL radio frame structure of 5G New Radio must be designed so that additional Physical Channels with potentially different numerologies (subcarrier spacing, TTI length, etc.) can be easily integrated in a later step.   

· Multiplexing of different channels/services: Another basic question is how Physical Control Channels must be designed so that extended user- or service specific information can be easily added in a later step without affecting the operation of legacy UEs. Supplementary control channel variants may depend e.g. on the service, or the device category. Evolving Physical Channels in 5G New Radio may also affect the specification of initial access and many other procedures and protocols which have to support forward compatibility. Multiplexing of different channels/services could be envisioned as multiplexing a puzzle of different tiles of different shapes and colours.

· Interference creation/avoidance: careful design should be payed when designing reference symbols. In addition to avoiding creating interference they should also allow for easier estimation of interference itself.

· Multi-antenna techniques at eNB: the new radio targets wide applicability in terms of carrier frequency operation, something which requires different antenna architectures in order to meet reliable cost/deployment ratios. A forward compatibility thinking would require considering various eNB architectures from the very beginning and designing UE feedback also in an agnostic way with respect to the transmit architectures.
· Streamlining UE implementation. Evolving features and not rewriting them would give the UE implementation the ability to leverage the implementation in an incremental way rather than going back to the design board. For example ways of computing interference in the UE should be thought with a forward compatibility in mind.

· Scheduler flexibility. Certain features have certain scheduling needs, and forward compatibility would allow for accommodating later additions in a smooth way. One example for the past is the MBSFN subframe which was “abused” by many features and in many releases in order to get rid of unwanted signals which are not present in the MBSFN subframes.

Proposal 2: Strive maintaining forward compatibility by considering aspects like radio signal design, radio frame design, multiplexing of different channels/services, scheduler flexibility, scalability of multi-antenna techniques, UE streamlined implementation, and interference friendly signal transmission.
3
Conclusion
The contribution is concluded by summarizing our initial proposals:
Proposal 1: Study general requirements on 5G New Radio that must be fulfilled to ensure full forward compatibility with respect to Phase II specifications and beyond.
Proposal 2: Strive maintaining forward compatibility by considering aspects like radio signal design, radio frame design, multiplexing of different channels/services, scheduler flexibility, scalability of multi-antenna techniques, UE streamlined implementation, and interference friendly signal transmission.
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