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1. Introduction 
The new RAT (NR) specification occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019) [1]. The Phase I specification must be forward compatible with Phase II specification and beyond. This contribution discusses issues and solutions to achieve forward compatibility in Phase II and beyond, especially on the aspects such as standalone, numerology, multiple access and waveform, channel coding, and unlicensed band.
2. Standalone 
Standalone operation is an important topic included in the scope of NR SI [1]. Its support in Phase I is one of the key issues which should be decided during this SI period. Standalone cells should support initial access, paging and handover procedures as well as unicast transmissions. In physical layer perspective, these procedures require cell search signals, physical broadcast channel (PBCH), physical random access channel (PRACH), mobility measurement signals, and mechanism to deliver system information (SI), paging, and random access responses.
Meanwhile, non-standalone cells should also support some of these signals and channels. For example, in scenarios that master LTE eNB and secondary NR eNB are not synchronized, the NR UE should go through synchronization procedures to acquire synchronization to the NR eNB prior to transmission and reception of data to/from the NR eNB. As such, downlink sync signals like LTE PSS (primary synchronization signal) and SSS (secondary synchronization signal) should be defined and for uplink synchronization PRACH will be required as well. Also, PBCH may need to carry SFN (System Frame Number) as in LTE for the SFN synchronization and carry some configuration information which should be acquired by the UE during the initial access. It is noted that instead of introducing additional signals or formats for initial access or mobility later in Phase II, the signal design in Phase I should take into account the use of the above signals in standalone systems as well. For example, the beam and channel status information (CSI) reference signals should be designed for the use in standalone operations as well.
Proposal

· Introduce PBCH, PRACH, cell search and mobility measurement signals as well as DL and UL unicast signals in Phase I, regardless of the support of standalone operations in Phase I.
· SI and paging transmission can be introduced in Phase II if the standalone operation support is not included in the scope of Phase I.
3. Numerology

The NR SI will consider frequency ranges up to 100 GHz [1, 2]. A key parameter in the NR numerology is subcarrier spacing, which is directly related with performance impacts and the frame structure. Depending on the target frequency band, desirable subcarrier spacing can be different. For example, several tens kHz subcarrier spacing would be preferred in mid frequency bands (~40GHz) as discussed in [3] and a few hundreds kHz subcarrier spacing be preferred in high frequency bands (40GHz~100GHz). On the other hand, in cases of sub-6GHz frequency bands where macro cell deployment could be major deployment scenarios, subcarrier spacing similar to or slightly larger than that of LTE would be desired for low CP overhead and wide cell coverage. 
Feasibility of PHY specification development and HW implementation agnostic to subcarrier spacing and TTI should be considered in view of developing a single framework. If the numerology difference is huge, a single HW framework would not be able to support the different numerologies, as the performance impairment and latency in the RF implementation and baseband processing can be significantly different. Thus, deployment scenarios and carrier frequency bands should be importantly taken into account in deciding on the numerology, and adoption of additional numerology in Phase II can be considered.
Proposal

· Phase I aims for a single framework with the same subcarrier spacing (e.g., 75 kHz) covering both sub-6GHz and mid frequency bands (~40 GHz) for eMBB devices.
· If macro cell deployment or other use scenarios should be supported, e.g., for sub-6GHz bands, subcarrier spacing similar to that of LTE can be considered.
· In Phase II, Introduction of larger subcarrier spacing can be considered during the standardization for high frequency bands (40GHz~100GHz). 
4. Multiple access and waveform
In NR SI, waveform based on OFDM is the baseline and study on potential support of non-orthogonal waveform and multiple access is in the scope as well. While evolving from 2G through 3G to 4G LTE, new multiple access and waveform technologies have been adopted in the standards and accordingly new BB/RF chipsets to support the technologies were developed and employed in the terminals. As seen from the past experiences, multiple access and waveform technologies can significantly impact system performance and operations, PHY structures, and HW implementations.
For the NR, as discussed in companion contributions [4,5], various technologies based on OFDM multiple access and waveform, such as FBMC (filter bank multicarrier), ZT (zero tail) or GI (guard interval) DFT-s-OFDM, grant-free multiple access, can be considered to aim for different use scenarios and improved robustness against various performance impairment factors. If new technologies are to be considered and adopted in Phase II, guaranteeing a backward compatibility would be challenging as the optimal frame structures and physical channel structures can change in accordance to the new waveform and multiple access framework. Also, this can incur significant increase in HW complexity and cost for the evolution from Phase I to Phase II.
Proposal

· Any outstanding multiple access and waveform technologies which can provide significant performance benefits or important use cases should be considered from Phase I.
· However, unless the benefits or use cases are clear and significant enough compared to OFDM, the adoption should be limited.
5. Channel coding
Channel coding can significantly impact PHY specification (e.g. control channels, data channels) and HW implementation complexity, and is also an important factor when considering frame structure and latency (e.g. HARQ timing). In a specification perspective, change of channel coding between Phase I and Phase II can incur additional signalling overhead, impacts HARQ operation, rate matching and many other aspects. On the implementation side, its impact can be quite severe as it can increase UE complexity, e.g., if the UE has to support two (or more types) of channel coding schemes for the same purpose such as PDSCH reception. Therefore, it is desirable to study channel coding schemes in Phase I. 

If any channel coding technique to significantly outperform LTE channel code in terms of performance and/or complexity is identified, it is desirable that it is adopted from Phase I. However, as adoption of additional channel coding technologies on top of the 3G/4G ones could significantly increase the HW cost and complexity, the benefits should be significant and clear enough to adopt the new technology.
Proposal

· If any channel coding technique to significantly outperform LTE channel code in terms of performance and/or complexity is identified, it is desirable to be adopted from Phase I.

6. Unlicensed band
The NR system design, if the design targets the exclusive use of licensed spectrum, may encounter a potential forward compatibility issue with the future design for unlicensed spectrum. Modifying such a system designed with no consideration for unlicensed operation can incur high design complexity and non-optimized system performance in unlicensed spectrum. For instance, when LBT is performed in conjunction with fixed subframe boundaries, a medium reservation mechanism or partial subframe concepts would be needed and this can make the design inefficient and complicated. Also, as in LAA, if a scheduling-based RAT coexists with non-scheduling-based RAT, the UL grant based scheduling for PUSCH may cause a trouble for UE to send PUSCH in conjunction with LBT due to the gap between UL grant and PUSCH. 
In order to allow clean NR system design that can operate on both licensed and unlicensed spectrum and in order to guarantee optimized system performance for both licensed and unlicensed spectrums, it is preferable to consider forward compatibility to unlicensed band operation from Phase I, at least for the fundamental features such as frame structure, basic LBT operation, etc. in order to accommodate flexible design for unlicensed band operation in new radio interface systems.

The initial design on unlicensed spectrum can focus on licensed assisted operation in Phase I, which offers the functionalities of offloading, data boosting, and etc. by using unlicensed spectrum. Further study on standalone unlicensed spectrum can be performed at a later stage along with the investigation of trade-off between the resulting benefits and design complexity
Proposal

· License assisted operations in unlicensed bands are standardized from Phase I 

· Standardization of standalone operations in unlicensed bands is for further investigation.
7. Conclusion
This contribution discussed issues and solutions to achieve forward compatibility in the NR Phase II and future releases. An important consideration is to aim for developing a single technical framework addressing all usage scenarios, requirements and deployment scenarios as addressed in the NR SID [1]. On top this consideration, we discussed which NR features should be included in the scope of Phase I for the forward compatibility, and which other features can be considered in Phase II and beyond without potential forward compatibility issues. The proposals have been provided in each of the sections.
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